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ABSTRACT

Objectives: To measure and establish a baseline for the annual mean occupational radiological dose for
diagnostic radiology workers in Saudi Arabia.
Methods: A retrospective analysis was performed on the effective radiation doses using
Thermoluminescent dosimeters for diagnostic radiology workers in Saudi Arabia from 2015 to 2019.
They were employed in 412 Saudi Ministry of Health hospitals and medical centers. The diagnostic radi-
ology workers in this study are radiological technologists, radiologists, and medical assistants.
Results: The study population contained 45,152 diagnostic radiology workers (58% male and 42% female).
The annual mean effective doses were found to be 0.88 + 0.002 mSv. Also, 95% of the workers received a
radiation exposure dose below 1.60 mSv. The majority of the workers’ effective doses (55%) were fre-
quently laid out between 0.50 and 1.00 mSv. An increase in the collective and mean effective doses have
been observed during the study period, with a statistically significant time trend in the mean dose.
Conclusions: During the study period, there was no incidence of an occupational dose exceeding the
annual regulatory limits of 20 mSv or the investigation level I. This indicates good implementation of
the radiation protection protocols in compliance with ICRP recommendations. However, enhancements
in radiation protection practices should be applied for further dose reduction by supplying hospitals
and medical centers with the necessary protective equipment.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

et al., 2004). On the one hand, the use of radiation as a diagnostic
tool may have led to substantial radiation exposures to radiolo-

Advances in medical imaging technologies using ionization
radiation have brought health risk concerns to the fore (Prasad

Abbreviations: UNSCEAR, United Nations Scientific Committee on the Effects of
Atomic Radiation; ICRP, International Commission on Radiological Protection;
DRW, Diagnostic radiology worker; MOH, Saudi Ministry of Health; RPP, Radiation
Protection Program; TLD, Thermoluminescent dosimeter; SE, standard error;
ANOVA, An analysis of the variance test; ALARA, As low as reasonably achievable.

* Corresponding author.

E-mail address: yalashban@ksu.edu.sa (Y. Alashban).

Peer review under responsibility of King Saud University.

FLSEVIER Production and hosting by Elsevier

https://doi.org/10.1016/j.jksus.2020.101249

gists, technologists, nurses, and medical assistants (Vano et al,,
1988; Yoshinaga et al., 2004). On the other hand, the advances in
technologies in radiation imaging and therapy have helped to
increase the precision of the medical diagnosis and treatment.

Radiation protection authorities have a responsibility of assess-
ing occupational radiation doses after a low and prolonged expo-
sure to ionization radiation (Cardis et al., 2005; Ciraj-Bjelac et al.,
2010; Miller et al., 2010).

Worldwide, medical radiation personnel account for 75% of the
exposed workers to ionizing radiation (UNSCEAR, 2008). Over the
last three decades, there has been an increase in occupational radi-
ation doses due to utilization of diagnostic imaging in cancer
assessment (Fazel et al., 2009). According to the United Nations
Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR), the annual number of radiological examinations

1018-3647/© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2020.101249&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2020.101249
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yalashban@ksu.edu.sa
https://doi.org/10.1016/j.jksus.2020.101249
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com

N. Shubayr, Y. Alashban, M. Almalki et al.

around the world increased from 1380 million in 1988 to 3143 mil-
lion in 2008. The annual collective effective dose (1000 man-Sv)
also increased from 1800 million in 1988 to 4000 million in 2008
(UNSCEAR, 2008).

The recognition of radiation hazards to medical workers has led
to occupational radiation monitoring (Weizhang et al., 2005;
Freedman et al., 2003), and resulted in many experimental studies
that have linked it to the mortality and cancer risk induced with
radiation exposure (Muirhead et al., 2009; Martins et al., 2007;
Piwowarska-Bilska et al., 2008; Piwowarska-Bilska et al., 2010;
Szewczak et al., 2013). The related health risks include, but are
not limited to: lung cancer, thyroid cancer, ovarian cancer, mela-
noma, breast cancer, leukemia, and rectum cancers (Sont et al.,
2001).

The International Commission on Radiological Protection (ICRP)
expressed occupational radiation dose in terms of effective dose
and equivalent dose. The effective dose is the dose to the whole
body, while the equivalent dose is the dose to the skin, extremities,
and lens of the eyes. The annual effective dose limit set by ICRP is
20 mSyv, with a limit of 100 mSy in five years. The equivalent dose
limit for skin and extremities is 500 mSv, and 20 mSv for the eye
lenses (IAEA, 1996; ICRP, 1991, 2012).

This study aims to assess and establish a baseline for the annual
occupational dose for diagnostic radiology workers in Saudi Arabia,
and compare it with the recommended ICRP dose limits.

2. Materials and Methods

A retrospective analysis was performed on the effective radia-
tion doses for diagnostic radiology workers (DRWSs) in Saudi Arabia
for a period of five years (2015-2019). The workers were employed
in 412 Saudi Ministry of Health (MOH) hospitals and centers in all
of the Saudi administrative regions. These workers were employed
in general x-ray, computed tomography, fluoroscopy, and mam-
mography departments. The Radiation Protection Program (RPP)
operates as a national register and regulator of occupational radia-
tion doses for all medical centers’ work under the umbrella of the
MOH. All the DRWs were issued personal bar-coded whole-body
Thermoluminescent dosimeter (TLD-100), and were recommended
to wear them at chest level under the lead apron. The bar-coded
TLDs contain workers’ name, age, and the period of use. These TLDs
consist of lithium fluoride doped with magnesium and titanium
(LiF:Mg,Ti) materials. The TLD reading system consist of a
905r/9%Y irradiator, a Harshaw 6600 plus reader (Thermo Electron
Corporation, Ohio, USA), and WinREMS software. The reader has
sensitivity that ranged from 10 pGy to 1 Gy with a minimum
detectable limit of 10 nGy. All the workers in this study were mon-
itored in a calendar quarterly basis. The DRWs in this study are
radiological technologist, radiologists, and medical assistants.
However, the database of the RPP do not specify the occupational
position of each worker. Therefore, this study focuses on the effec-
tive dose for the diagnostic radiology personnel in general.

All statistical assessments were performed using the software
Statistical Package for the Social Sciences (version 20; SPSS Inc;
New York, USA) at a confidence level of 95%.

Table 1
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3. Results

The study population contained 45,152 diagnostic radiology
workers (58% male and 42% female), who enrolled in MOH from
2015 to 2019. The number of diagnostic radiology workers, their
annual mean effective dose (mSv) with standard error, their annual
standard deviation, and annual collective effective dose (man-mSv)
are listed in Table 1.

The annual mean effective dose averaged over the period of five
years was found to be 0.88 + 0.002 mSv, with a standard deviation
of 0.56 mSv. Also, the collective effective doses averaged over the
period of five years were found to be 39,955 man-mSv.

The RPP adopted three investigation levels, which are used as
trigger points above which a certain decision should be taken.
These levels are operational level (MDL — 1.25 mSv), level I
(1.25-3.75 mSv), and level Il (>3.75 mSv) per calendar quarter.
Table 2 shows the percentage of workers in each investigation
level. The RPP policy states that if workers exposed to doses below
level I, no action will be taken. However, workers who exposed to a
level I doses, a warning is issued without any further actions. Also,
there are disciplinary penalties for workers who exposed to a level
Il doses and these penalties include warning, fine, and medical
license suspension.

4. Discussion

Fig. 1 shows the percentiles distribution graph for the effective
dose for all workers during the study period. It shows that 95%
(n = 42895) of all workers received a radiation exposure dose
below 1.60 mSv. The frequency of the effective doses for all work-
ers combined is illustrated in Fig. 2. The results show that the
majority of the workers’ effective doses (55%) were frequently laid
out between 0.50 and 1.00 mSv.

An analysis of the variance test (one-way ANOVA) was con-
ducted to determine if there were statistically significant differ-
ences in the mean effective dose during the study period. The
means plot illustrated in Fig. 3 and the test reveals statistically sig-
nificant differences in the effective doses between the study’s years
(F(4,45147) =531, p = 0.00). Also, the tests of homogeneity of vari-
ances and robust tests of equality of means (Welch and Brown-
Forsythe) show statistically significant differences in the dose dur-
ing the study period (p <0.05). The DRWs in 2019 were exposed to
the highest annual collective dose compared to the workers in pre-
vious years. This is mainly due to an increase in the number of
workers. Likewise, the DRWs in 2019 were exposed to the highest
annual effective dose due to an increase in the diagnostic radiolog-
ical procedures.

Table 2

Percentage of workers in the investigation level.
Investigation Level Operational Level I Level II
Dose interval MDL — 1.25 mSv 1.25-3.75mSv > 3.75 mSv
Percentage of workers ~ 99.7% 0.3% 0%

The number of diagnostic radiology workers, their annual mean effective dose (mSv) with standard error (SE) , their annual standard deviation, and annual collective effective

dose (man-mSv).

Year 2015 2016 2017 2018 2019
Number of workers 7419 8476 8990 9696 10,571
Annual effective dose (mSv)

Mean + SE 0.71 + 0.006 0.78 + 0.006 0.84 + 0.005 0.98 + 0.005 1.02 £+ 0.005
Standard deviation 0.51 0.59 0.51 0.51 0.58
Collective(man-mSv) 5295 6624 7607 9555 10,875
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Fig. 1. Percentiles distribution graph for the effective dose for all of the workers during the study period.
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Fig. 2. Frequency of the effective dose for all workers combined during 2015-2019 with the normal distribution curve.

The study shows that>99% of the DRWs received an exposure
dose within the operation level and therefore no action was taken
by the RPP. The rest of the workers (<1%) received an exposure
within Level 1. For the DRWs whose doses were within Level I,
the RPP alerted the radiation safety officer at the specific hospital
or medical center for an increase in the radiation exposure while
mentioning the names of DRWs exposed without taking any penal
action. It is important to mention that there were a few workers
during the whole study period who intentionally exposed their
TLDs to radiation and therefore their data was excluded from the
study.

During the five-year study period, there was no incidence of an
occupational dose exceeding the annual regulatory limit of 20 mSv
or the investigation level I adopted by the RPP. This indicates a
proper implementation of the radiation protection protocols in
compliance with ICRP recommendations. However, occupational
radiation exposure should continuously remain as low as is reason-
ably achievable (ALARA).

A 2016 study in Saudi Arabia found that the majority of the
national hospitals were equipped with lead aprons and thyroid
shields. However, around 50% of these hospitals have protective

lead glasses and sheets (Salama et al., 2016). Lead aprons and thy-
roid shields are the most effective types of shielding in terms of
radiation reduction (>95% reduction). However, there is a need to
supply all the MOH hospitals with lead glasses (35-90% reduction),
gloves (20-50% reduction), and surgical caps (3.3% reduction) (Kim
and Miller, 2009).

When comparing the mean doses obtained in this study with
those in Table 3, it can be noticed that the occupational doses in
this study are within the range of other studies in the literature.

5. Conclusion

The study aims to establish a baseline for DRWs’ radiation doses
in Saudi Arabia. The annual mean averaged over the period of five
years was found to be 0.88 + 0.002 mSv. Also, 95% of all workers
received a radiation exposure dose below 1.60 mSv. The majority
of workers’ effective doses (55%) were frequently laid out between
0.50 and 1.00 mSv. The annual effective doses were way below the
limits established by national and international legislations, which
indicates a good implementation of the radiation protection
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Fig. 3. Mean annual effective dose during 2015-2019.

Table 3

A comparative review of average effective doses between this study and other studies
in the literature (Kim et al, 2018; Chida et al, 2013; Masood et al, 2012;
Samerdokiene et al., 2015; Al-Abdulsalam and Brindhaban, 2014; Hasford et al.,
2012).

Time period  Country Average effective dose (mSv)
2012-2013 South Korea 1.80
2009 Japan 0.93
2007-2011 Pakistan 0.52
2011-2013 Lithuania 0.62
2008-2009 Kuwait 1.05
2000-2009 Ghana 1.05
2015-2019 Saudi Arabia (current study) 0.88

protocols in compliance with ICRP recommendations. However,
enhancements in radiation protection practices should be applied
for further dose reduction by supplying hospitals and medical cen-
ters with all of the necessary protective equipment.
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