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Abstract

Objectives: To investigate radiation exposure among the
staff of departments of nuclear medicine (NM) and diagnos-
ticradiology (DR) during 2008 and 2009 and to compare the
mean doses received with the limit of 20 mSv/year of the
International Commission of Radiological Protection (ICRP).
Materials and Methods: The whole-body dose or effective
dose, i.e. Hp(10), and the skin dose, i.e. Hp(0.07), of the staff
of departments of NM and DR in Kuwait for the period of
2008 and 2009 were taken from the national thermolumi-
nescent dosimetry database. A total of 1,780 radiation work-
ers, grouped as NM physicians, radiologists, NM technolo-
gists, and DR technologists, from 7 departments of NM and
12 departments of DR were included. The annual average
Hp(10) and Hp(0.07) were calculated for each group and
comparisons were made between the groups and the years.
A two-sided Mann-Whitney test was carried out, at the p =
0.05 level, to compare the means. The mean Hp(10) was
compared with the limits of the ICRP. Results: Of the 16 dis-
tributions of Hp(10) and Hp(0.07), 10 were normal, with a
mean annual Hp (10) in 2008 of 1.06, 1.03, 1.07, and 1.05 mSv
for NM physicians, radiologists, NM technologists, and DR
technologists, respectively. The corresponding Hp(0.07) val-

ues for 2008 were 1.03, 1.00, 1.05, and 1.03 mSy, respectively.
Small but significant (p < 0.001) reductions in Hp(10) and
Hp(0.07) were observed in 2009 for NM technologists and DR
technologists. In all other cases, no significant (p > 0.072) dif-
ferences were found. Conclusion: Theannual average Hp(10)
was well below the limit of the ICRP. ©2013 S. Karger AG, Basel

Introduction

One of the hazards of working in a department of nu-
clear medicine (NM) or diagnostic radiology (DR) is the
possibility of long-term exposure to low-level radiation
and any associated biological effects. Evidence of revers-
ible and irreversible genotoxic effects during periods of
radiation exposure has been reported [1]. Although bio-
logical effects due to moderate and high doses (>100
mGy) are evident, there is still considerable debate re-
garding the biological effects due to low-dose exposures
(<100 mGy) [1-4]. During the last decade, the number of
persons who work in departments of NM and DR has in-
creased [2, 5]. With the introduction of advanced imag-
ing technologies, such as positron emission tomography
(PET) and multislice computed tomography (MSCT), the
number of workers in departments of NM and DR, the
different types of imaging examinations performed, the
number of patients undergoing imaging procedures, and
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hence the amount of radiation used have increased [2, 6].
However, a historical review of the radiation exposure of
workers indicates that the doses have decreased with time
due to improved radiation protection practices since the
discovery of X-rays [4].

The radiation dose of workers in these departments
has been reported to vary between 1 and 50 mSv/year in
many parts of the world [7-12]. The United Nations Sci-
entific Committee on the Effects of Atomic Radiations
(UNSCEAR) has reported that the worldwide mean an-
nual occupational dose in NM and DR is below 2 mSv
[13]. The large variation in exposure among staff working
with radiation in departments of NM and DR has been
attributed to the nature of the work the individual carries
out. Interventional radiological and MCST procedures
present much higher radiation exposure risk for the staff
than general radiographic procedures [4, 14]. The higher-
energy (51l keV) gamma rays used in PET imaging pres-
ent higher radiation exposure for the staff compared to
the technetium-99m gamma rays of 140 keV commonly
used in imaging procedures.

The International Commission on Radiological Pro-
tection (ICRP) recommends the establishment of dose
constraints which are acceptable and achievable to avoid
inequitable exposures of individuals within the work-
place [15]. The ICRP has set dose limits of 20 mSv/year,
averaged over any 5-year period, for occupational expo-
sure. [t also emphasizes that the radiation exposure of pa-
tients and workers should be kept as low as reasonably
achievable (ALARA principle) [16].

A previous study reviewed the occupational dose in
Kuwait during a 4-year period from 1980 to 1983 and re-
ported values in the range of 2-6 mSv [17]. This study
included occupational exposure not only in hospitals but
also in other nonmedical industries. Another study will
establish the current levels of occupational exposure.

In this study, we investigated the level of radiation ex-
posure of staff working in departments of NM and DR
during 2008 and 2009. A comparison of personnel doses
received by the staff was also carried out. The mean an-
nual occupational dose of each group was compared with
the dose limits set by the ICRP.

Materials and Methods

The radiation exposure of each staff member working in de-
partments of NM and DR is routinely monitored using thermolu-
minescent dosimeter (TLD) badges. Generally, 2 dose quantities,
i.e. Hp(10) and the Hp(0.07), are reported for each staff member.
The staffs were divided into the following 4 groups: NM physi-
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Table 1. Number of TLD records in the different groups for each
of the 2 years

2008 2009
NM physicians 49 54
NM technologists 112 121
Radiologists 98 109
DR technologists 612 625

cians, NM technologists (department of NM) and radiologists, and
DR technologists (department of DR). Hp(10) is the dose received
by tissue ata 10-mm depth from the skin surface and is considered
to be the dose to the whole body or the effective dose. Hp(0.07) is
the dose at a depth of 0.07 mm and is considered to be the dose
received by the skin of the workers [14].

The occupational dose analysis included TLD records over 2
years (2008 and 2009), for a total of 1,780 worker records. The
number of workers in each group for the corresponding years is
given in table 1. The Radiation Protection Department of the Min-
istry of Health, Kuwait, provides personnel dose-monitoring ser-
vices to all radiation workers in public and private hospitals in the
country. Each worker who is likely to be occupationally exposed
to radiation is required to be monitored for radiation exposure
and carries a TLD badge at waist level to monitor exposure on a
monthly basis. The measurement, analysis, and calibration of the
TLD badges was conducted according to standard procedures [18,
19].

The annual dose values for each of the 2 years were calculated
from these monthly records and compared for any significant
changes. Within each department, a comparison was made be-
tween the annual doses of the technologists and those of the physi-
cians for each year. The occupational dose of NM technologists
was also compared with the dose of DR technologists, while those
of NM physicians were compared to those of radiologists for the
respective years.

The normality of the distribution of doses within each group
was tested using the Kolmogorov-Smirnov test. Since some distri-
butions were not normal, the statistical analysis of personnel dose,
i.e. Hp(10) and Hp(0.07), between pairs of groups was tested with
a Mann-Whitney U test using the Statistical Package for the Social

Sciences (SPSS), version 17. For all statistical tests, p < 0.05 was
considered statistically significant. Based on the average occupa-
tional exposure, the risk of developing radiation-induced cancer
was calculated using a risk factor of 0.041/Sv [16].

Results

Ten of the 16 distributions of Hp(10) and Hp(0.07)
were normal. The distributions of Hp(10) and Hp(0.07)
are illustrated in figures 1 and 2, respectively, for all work-
ers during 2008 and 2009. The mean annual occupation-
al exposures + SE for the different groups of workers for
2008 and 2009 are listed in table 2. The occupational dose
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Fig. 1. Distribution of Hp(10) for all workers combined for 2008
and 2009 together with the normal distribution, generated using
SPSS version 17, shown as a line graph.

Table 2. Annual occupational doses

Fig. 2. Distribution of Hp(0.07) for all workers combined for 2008
and 2009 together with the normal distribution, generated using
SPSS version 17, shown as a line graph.

Table 3. Ranges of annual occupational doses reported in the lit-
erature for comparison with this study

Group Year Mean Hp(0.07) + SE Mean Hp(10) + SE
(range), mSv (range), mSv Study Annual effective occupational dose (mSv)
NM 2008 1.03+0.03 (0.11-1.96) 1.06+0.03 (0.10- Wuetal. [11] 1.0-2.2
physicians 1.98) Al Haj and Lagarde [7] 0.5-1.2
2009 0.96+0.03 (0.08-3.85) 1.01+0.03 (0.08- Mustafa et al. [17] 2.04-6.20
3.43) Martins et al. [8] 0.80-3.45
NM tech- 2008 1.05+0.01 (0.84-3.96) 1.07+0.01 (0.08— This study 0.07-3.70
nologists 3.70)
2009 0.94+0.01 (0.08-2.92) 1.00+0.01 (0.08-
2.85)
Radiologists 2008 1.00+0.03 (0.09-1.96) 1.03+0.03 (0.10—
2009 0.90£0.04 (0.083.95) (1):2431)10.04 (0.08- (p > 0.05). In all other comparisons, the occupational ex-
1.53) posures were the same among the 4 groups. All annual
dose records were less than 4 mSv.
g(ﬁot;cs}tls 2008 1.03£0.01 (0.08-2.86) ;gi’)iom (0.08- The Hp(10) and Hp(0.07) records were below 2 mSv/

2009 0.93+0.01 (0.08-2.18) 0.99+0.01 (0.07-

2.11)

between the 2 years revealed that the Hp(10) and Hp(0.07)
for 2008 were small but significantly higher than in 2009
for NM and DR technologists (p < 0.001). In the cases of
NM physicians and radiologists, the annual dose quanti-
ties did not show any differences between 2008 and 2009

Occupational Radiation Exposure in
Kuwait

year for 99% and below 1 mSv/year for 35% of the work-
ers. The maximum annual dose received by any person
was 3.700 mSv, which is significantly below the annual
occupational limit of 20 mSv/year averaged over any
5-year period and 50 mSv in any one year set by the ICRP.
The average annual dose for all workers during the 2-year
period was 1.02 mSv for Hp(10) and 0.98 mSv for
Hp(0.07). The range of annual effective doses for workers
reported in various studies from different countries is
shown in table 3. The risk of cancer induction from oc-
cupational exposure in Kuwait was found to be about 40
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per million (exposed workers). With less than 1,000 cur-
rently exposed workers in Kuwait, the number of radia-
tion-induced cancer cases expected due to occupational
exposure is less than 1.

Discussion

The public health system in Kuwait serves a popula-
tion of about 3.5 million, performing in excess of 2.5 mil-
lion NM and DR imaging procedures per year [20]. Most
workers in Kuwait do not wear lead aprons during work,
but those in fluoroscopy and interventional procedures
wear lead aprons, thyroid shields, and gloves. Despite
this, our study showed that the mean annual occupation-
al exposure of workers was less than 1.07 mSv/year, which
is similar to the occupational dose reported in studies
from different parts of the world [4, 5, 8, 13] and also the
worldwide average of less than 2 mSv quoted by UN-
SCEAR [13]. It is evident, from this study, that the tech-
nologists and physicians of departments of NM and DR
in public hospitals were exposed to minimal amounts of
radiation. The low calculated risk (40 cases per million)
of developing radiation-induced cancer from occupa-
tional radiation exposure for these workers in public hos-
pitals of Kuwait should provide sufficient confidence that
the work environment is safe.

The extent of the annual radiation exposure of the
workers depends on several factors within the workplace
[3, 4, 7]. These factors include, but are not limited to, the
annual workload, the distribution of the workload among
workers, the radiation protection practices followed by
the workers, and the radiation safety facilities provided by
the employers. An evaluation of how such factors affect
occupational exposure is beyond the scope of this study.
The nature of occupational exposure is different within
departments of NM compared to departments of DR.

There are some general limitations in measuring occu-
pational exposures accurately. One of the major difficul-
ties is the nature of exposure itself. In medical imaging,
workers are not exposed uniformly throughout their body
and TLD measure exposure only at one location. This lo-
cation is either at waist level or at collar level depending
on where the worker wears it. Hp(10) is a useful quantity
to measure the effective dose if the exposure is uniform
over the worker’s body [14]. Some authors [14, 15] have
recommended the use of two TLD measurements estima-
tion of the effective dose instead of a single measurement.
However, the use of two TLD measurements becomes
more expensive and difficult when dealing with large
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numbers of workers. Radiation workers in many coun-
tries, including Kuwait, wear a single TLD badge at waist
level over any protective clothing they may wear [4-5,
8-13]. Currently, there is no consensus among research-
ers on an algorithm suitable for the assessment of the ef-
fective dose of the workers. Another problem with moni-
toring occupational exposure is the absence of dose mea-
surements for the extremities and the eyes of the workers.
This is due to the wide range of interventional procedures
and different techniques used by different workers in
medical imaging [14]. In addition to the limitations de-
scribed above, the following limitations apply particularly
to this study: the distribution of the workload among
workers, radiation protection facilities, and trends in safe
practices were not evaluated. A review of these aspects and
continuing education for workers on radiation safety can
help minimize the radiation exposure of the workers. Fur-
thermore, this study did not evaluate differences in occu-
pational exposure within a group of workers performing
the same procedure, nor did it evaluate the efficacy of safe-
ty protocols put in place in different hospitals.

Conclusion

This study showed that the Hp(10) and Hp(0.07) of
radiation workers during the 2-year period were well be-
low the limits set by the ICRP. Continuous evaluation of
occupational dose records is recommended due to the in-
creasing number of medical imaging procedures that are
currently being performed.
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