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ABSTRACT

The IAEA Safety Guide RS-G-1.2 recommends that
occupational radiation monitoring should be implemented
whenever it is likely that committed effective doses from annual
intakes of radionuclides would exceed1mSv. This study presents
the analysis of IAEA methodology for the evaluation of the need
for the implementation of an internal monitoring program;
considering that it should be carried out whenever the potential
internal exposure of incorporation leads to a value of annual
committed effective dose equal or higher than 1 m Sv. The
IAEA criteria applied to commonly used radionuclides in
nuclear medicine, taking into consideration usual manipulated
unsealed radioactive sources and handling conditions. It is
concluded that the handling of unsealed radioactive sources
presents the risk of internal radiation exposure to the workers,
requiring the implementation of an internal dosimetry program
by the concerned Nuclear Medicine Institutes/Centers.
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INTRODUCTION

In recent years, world population (both occupationally
exposed workers and members of the public) exposure to
ionizing radiation due to medical activities has increased
sharply. Among the occupationally exposed workers in
these fields, those most affected by this increased
exposure to ionizing radiation are nuclear medicine
workers, who, in their daily activities, need to manipulate
a wide variety of unsealed radioactive sources, including
patients, both for diagnostic and therapeutic purposes,
resulting in a significant risk of internal radiation
Nuclear involve the

exposure. medicine practices

handling of a wide range of radionuclides for diagnostic

51

and therapeutic purposes. Due to the unsealed nature of
the radioactive sources in nuclear medicine, nuclear
medicine activities carry the potential risk of both external
and internal radiation hazards. The use of ionizing
radiation in medical imaging has increased and led to the
remarkable increase of collective effective dose to the
population. In the period covered by the 2008 UNSCEAR
Report, the annual collective effective dose to the world
population
examinations is estimated to be 202,000 man Sv (1). The
trend

due to diagnostic nuclear medicine

in the annual collective effective dose from
diagnostic nuclear medicine examinations over the last
three UNSCEAR surveys is shown in Figure.1.
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Figure 1.World-wise trend in the annual
collective effective dose from diagnostic nuclear
medicine examinations.

There has been an increase in collective dose of nearly
50,000 man Sv, a rise of just over a third since the last
report. According to the UNSCEAR report (1), the dose
distribution of diagnostic imaging procedures is shown in
Figure 2. From the Figure.2, it is evident that the nuclear
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medicine diagnostic imaging has a 7% contribution
in the ionizing radiation population exposure.
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Figure 2. Piechart showing world-wise breakdown of
radiation doses during diagnostic imaging procedures.

From a radiation protection perspective, an accurate
assessment of the dose that nuclear medicine workers are
subjected to must be performed not only for external
radiation exposure, but also for internal radiation
exposure. Moreover, according to the IAEA , the radiation
control program should include an evaluation of such risks
due to external and internal radiation exposure. In

Bangladesh, the annual external radiation doses received

by the staff of nuclear medicine departments for different
nuclear medicine facilities were reported by Rahman et al.

by TLD technique.

The collective dose due to external ionizing radiation from
nuclear medicine practices in Bangladesh was estimated
during 2013-14 and found to be< 80 man.mSv.

From an internal dosimetry perspective, due to the nature
of their activities, nuclear medicine workers are pointed
out as being more at risk for internal contaminations.
Some cases of internal contaminations have already been
identified at nuclear medicine facilities. In Germany,
Sweden and Hungary, the Euratom Council Directive
96/29 of 13 May 1996 concerning the radiation exposure
legally
monitoring programs are mandatory. Besides ongoing
the
radionuclides (mainly using the MIRD methodology),

monitoring  was implemented and internal

developments in dosimetry of incorporated

there have been various efforts to
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improve the monitoring of workers for potential or real
intakes of radionuclides for internal dosimetry purpose.
In 1999, the International Atomic Energy Agency
(IAEA) published a safety guide, which aims at
providing a set of criteria to be taken into account in
order to determine the need, or not, for an internal
monitoring program. Although this publication is not
specific to nuclear medicine, recent studies and
publications have applied these criteria to assess risk in
nuclear medicine practices in some countries. The aim
of this work is to describe an application of the
mathematical criteria recommended by the IAEA to
determine whether an internal dosimetry program is
needed or not for radiation occupational works in
nuclear medicine practices in Bangladesh.

METHODS

In order to evaluate the internal radiation risks involved
in nuclear medicine practices in Bangladesh, a
simplified mathematical relation is proposed based on
the IAEA criteria IAEA. The criteria recommended by
the IAEA to assess the need for internal dosimetry is
based on the calculation of the decision factor (di),
which takes into consideration safety factors related to
the complexity of the task, handling conditions of the
radioactive material, as well as the physical and
chemical properties of the nuclide. IAEA criteria
consider internal radiation dosimetry is necessary
whenever the value of dj is above 1 m Sv.

The specific radionuclide ‘decision factor’ di for a
specific practice is calculated based on the IAEA formula
with some additional correction factors as given in

the following expression:

d_A;‘e(g)ﬁnhf(rs>jf<hs>jf(ps>j

7 0.001 XTworkload X 1r:hzmdch_acti\‘ity X fimakc(l)

where, for each radionuclide j, Aj is the average annual
activity handled by the worker, e(g)jm is the dose
coefficient for inhalation of 5-mm aerosols by workers
(given in Sv/Bq), fi); is a physical form safety factor
based on the physical and chemical properties of the
handled material, fps); is a handling safety weighing
factor, which accounts for the operations taken to handle
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radionuclide j°, fps); iS a protection safety weighing
factor, which accounts for the safety precautions taken
while handling radionuclide ‘j> and 0.001 is a conversion
factor from Sv to mSv, fworkiad 1S the fraction of time
involved in a particular task by the worker in the scenario,
fhanted_activiy 1S the fraction of handled activity by the
worker in a scenario considering that in real practice each
worker, according to his responsibilities, and fintake IS the
fraction of the handled activity that could be incorporated
by the worker through aerolization or volatization. In the
majority of cases, ffs should be 0.01, therefore equation 1
reduces to

dj=10 A]e(g)]f(hs)]f(ps)]x f\\urHuzld X fhaudl«:df&wli\ily X finlukc(z)

The final decision factor D for all radionuclides
handled in the workplace is given by:
D=};d; (3)

According to the IAEA publication, the estimation of this
decision factor should serve as a means to determine
whether a given worker should be monitored for internal
radiation incorporations (if D>1 mSv) or not (if D<1
mSv).Considering more than one radionuclide present in
the workplace, monitoring of separated radionuclides
decision is based on the following criteria:

1. all radionuclides with di>1 should be monitored;

2.if D>1, radionuclides with di>0.3 should be
monitored and monitoring of radionuclides with
di<0.1 is unnecessary.

It should be noted that this criterion applies to all types of
practices involving some kind of risk for internal radiation
exposure, and not only for nuclear medicine practices.
This must be taken into account when assigning values to
the weighing factors to be used for the estimation of the
decision factor. The procedures implemented by nuclear
medicine staff was analyzed based on the criteria defined
in the IAEA guidelines to evaluate the need for internal
radiation dosimetry. The dose coefficients used in the
decision factor calculations derived from the bio-kinetic
models of the International Commission on Radiological
Protection—ICRP 68. All the parameters necessary to
calculate dj are provided in the IAEA Safety Guide
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RS-G-1.2. This methodology can also be used to
calculate the maximum annual activity (Amax) for
which an internal monitoring plan is recommended for
a single radionuclide. This calculation is made by
isolating the term Aj and attributing the value of 1mSv
to the parameter dj by using the following expression:

Amax =1/ lo'e(g)jmh . fhs -fstfworkload X fhandled_zlcti\-'iry X finmke (4)
The values of the parameters fhs and fps used in this

work for the calculation of dj and Amax were chosen

in order to represent the radiation protection
requirements for nuclear medicine facilities. The values

of e(g)jinh used in the calculations of dj are based on
bio-kinetic and dosimetric models released by the ICRP
(2) and have been generated by the software RIDA
(14). Based on the above mentioned information, the
criteria analysis was performed by using excel program
to assess the need for internal radiation dosimetry in
nuclear medicine practices in Bangladesh.

RESULTS AND DISCUSSION

Table 1 presents the typical handled radionuclides as well
as the dose coefficients for each radionuclide for
inhalation of 5-mm activity median aerodynamic diameter
aerosol by workers, chosen based on the chemical form in
which it is used in nuclear medicine procedures. The
values of annual activities of each radionuclide used in
the calculations of dj presented in this work were obtained
through a survey performed in all nuclear medicine
centers in operation in Bangladesh during the year of
2006. Table 1 presents the results of the simulation for

calculating the maximum activities (Amax) of each

radionuclide of interest from which it is recommended to
carry out a routine control of internal exposure of the staff
through the implementation of an internal monitoring

plan. It can be observed that the dj corresponding to the

maximum activities of all common radionuclides are still
above 1 m Sv. The handled activity in a year by the
worker that could lead to an internal exposure above 1 m
Sv according to the proposed modified formula results as
shown in Table 1. This means, for example that 5.41 Ci is
the handled activity in a year by a worker that would lead
to an internal exposure above 1 m Sv. It may be
excessive, since a
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nuclear medicine service could manipulate iodine-131
in the order of 200 mCi or more per week. Considering
the proposed scenario, internal radiation monitoring
program should be included in the radiological
protection plan, especially when used in therapeutic
applications where the quantity of activity administered
to each patient is usually several tens of milli-Curies.

Table 1. Amax according for selected radionuclides
handled routinely in nuclear medicine practices with

activity related to a dj=1 mSv.

Administered activity | e(g)in (Sv/Bq) Amax(Bq) Amax(mCi)
of Radionuclide (mCi) |

B (10) 8.9x10™ 449E+13 1.21E+6
Ga (5) 2.8x101° 143E+13 3.86E+5
PmTe (20) 2.03x 10™ 1.97E+14 5.33E+6
n (0.5) 3.1x10™ 1.29E+13 3 49E+5
1(10) 2.13x 10 1.88E+13 5.08E+5
B17(0.03) 1.1x10° 2.00E+11 541E+3
2712 7.80x 10 5.13E+12 1.39E+5

This work presents an application example including only
one radionuclide, but in real scenarios, the same worker
may be assigned multiple duties involving the handling of
other radionuclides. The decision whether such workers
require individual monitoring should be based on a careful
review of all workers’ duties and mainly the different
radiation conditions in each scenario. Direct application of
the criteria suggested in the IAEA Safety Guide (15)
would likely require internal monitoring for most of the
workers in the field of nuclear medicine, representing a
high cost on this practice. Even if less restrictive
parameters suggested in the IAEA safety guide were
adopted in the calculation of dj, it is likely that internal
monitoring would be required. For example, it would be
necessary to implement internal monitoring plans in all
facilities where the annual quantity of 131-l activity
handled exceeded 5.41 Ci (200 GBq). These studies
should include a comprehensive national survey of worker
exposures determined by in vivo and in vitro bioassay as
well as aerosol sampling in nuclear medicine laboratories
to provide actual data to evaluate risks associated with the
practice of nuclear medicine. Almost all workers perform
more than one operation, which means that the estimated
d values obtained must be summed for each worker in
order to obtain the final decision factor D. Then, summing
the d
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values for each worker in order to obtain the final D and
the occupational radiation workers should be integrated in
a routine monitoring program for internal radiation
exposure (D>1 mSv). This study suggests that a routine
monitoring program for internal exposures should be
implemented in Bangladesh for most nuclear medicine
workers. Radiation workers potentially can receive
radiation doses in two distinct ways: external exposure
and internal intake. The total effective dose equivalent
(TEDE) concept makes it possible to combine these dose
components in assessing the overall risk to the health of
an individual. The TEDE is equal to the sum of the deep-
dose equivalent (DDE), resulting from external exposures,
and the committed effective dose equivalent (CEDE),

resulting from internal exposures.

CONCLUSION

This study presents the analysis of IAEA methodology for
the evaluation of the need for the implementation of an
internal monitoring program; considering that it should be
carried out whenever the potential internal exposure of
incorporation leads to a value of annual committed
effective dose equal or higher than 1 mSv. This work
suggests that, according to the IAEA criteria, a routine
monitoring program for internal exposures should be
implemented for nuclear medicine workers. It should be
noted, however, that the IAEA guide does not specifically
mention the periodicity of the monitoring to be
implemented. However, long-lived isotopes, especially the
ones that can be fixed by specific critical organs are
clearly more significant. Isotopes such as 131-1 (half-life
8days), which is a thyroid seeker can imply a much more
demanding procedure if a periodic monitoring is to be
established. However, the specificities of the different
measuring techniques available for internal monitoring
may also play an important role in the monitoring
program optimization. All these aspects should be taken
into account when implementing a routine monitoring
program. As a depending on the
radionuclides handled as well as their in vivo behavior, if

consequence,

the IAEA criteria were to be taken into account, these
workers should be monitored by in vivo methods, such as
whole-body counters or in vitro techniques, such as
biological
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samples such as urine and feces (9). The licensee of
nuclear medicine facility, to the extent practical,
must achieve occupational doses that are not only
within regulatory limits but also ALARA principle.
Licensees must either:

Monitor external and/or internal occupational
radiation exposure; or

Demonstrate that an unmonitored individual is
not likely to receive a radiation dose >10% of the
occupational dose limits.
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