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ABSTRACT

The manipulation of unsealed sources in nucleariciee poses significant risks of internal expostodhe staff.
According to the International Atomic Energy Agenthe radiological protection program should inckichn
evaluation of such risks and an individual monigrplan, assuring acceptable radiological safetpditions in the
workplace. The IAEA Safety Guide RS-G-1.2 recomsnémat occupational monitoring should be impleménte
whenever it is likely that committed effective ddsem annual intakes of radionuclides would exckedSv. It also
suggests a mathematical criterion to determinertbed to implement internal monitoring. This papegsgnts a
simulation of the IAEA criteria applied to commonlged radionuclides in nuclear medicine, takingoint
consideration usual manipulated activities and Hargdconditions. It is concluded that the manipidatof ' for
therapy presents the higher risk of internal expesio the workers, requiring the implementationaof internal
monitoring program by the Nuclear Medicine Centers.
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INTRODUCTION justification for the use of radioactive materials
(CNEN, 2005)
Among the most widely used radionuclides in théAlthough it is recognized that in nuclear medicine
field of nuclear medicine, the following should becenters external exposure is usually higher than
highlighted: **™T¢, 34, 2%, 21T and **Sm. The internal exposure, the risks associated with intakes
activities manipulated annually in Brazil are in theshould be estimated in each case and, if necessary,
order of hundreds of millicuries (MBq) in about workers involved in the manipulation of unsealed
300 nuclear medicine centers in routine operatiogources should be routinely monitored in order to
(Alves, 2004). The Brazilian Nuclear Regulatorydemonstrate that individual doses are kept as low
Board (CNEN) requires that an evaluation of theds possible. Internal monitoring should also be
occupational risks must be performed prior to thgerformed in response to an accidental or
start of operation of the installation, i.e., during thesuspected inhalation or ingestion intake.

phase of licensing, so that there is a clean general, the decision to enroll a worker in an
internal monitoring program should be based on
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the likelihood that the individual could receive anspecific radionuclide. This calculation is made by
intake of radioactive material exceeding aisolating the term Aand attributing the value of 1
predetermined level. The need for individual ormSy to the parametey.dt is important to note that
area monitoring for internal exposure will dependhe calculation ofA,: should only be applied to
on the quantity and type of radioactive materiabkituations when only one single radionuclide is
present, the physical and chemical form of thenanipulated, or the contribution of the intake of
radioactive material, the type of containment usedyther radionuclides in the workplace is assumed to
the operations performed and the general workinge negligible.
conditions. It can be difficult to determine whetherAnac=1/10 . e(Qhn - frs. fps (2
monitoring a worker for intakes of radioactive The values of the parametefsdnd fs used in the
material is necessary. Such monitoring should bgimulations presented in this work for the
used routinely only for workers in designatedcalculation of gdand Ans where chosen in order to
controlled areas where contamination may beepresent the radiation protection requirements for
present and potential exists for a significant intak@uclear medicine centers defined by the Brazilian
to occur. (IAEA, 1999). Nuclear Regulatory Board in the regulation 3.05
This work describes an application of the criterid CNEN, 1996). The operations involving handling
suggested by the IAEA to determine whether anf radionuclides in nuclear medicine can be
internal monitoring program is needed for nucleaclassified as follows: elution, dose fractionation,
medicine workers and discusses situations whetabeling, dose administration and waste
monitoring is necessary and feasible. management. The elution step applies only to the
radionuclide**™Tc. The other steps apply to all
radionuclides considered in the simulations.
MATERIALS AND METHODS The manipulation factorsy§ applied to the field
of nuclear medicine can assume values of 0.1 and
The criteria suggested by the IAEA to determinel depending on the type of operation being carried
the need for monitoring is based on the calculatioaut, which can be considered as “very simple wet
of the decision factor (J which takes into operation” or “normal chemical process”. Values
consideration safety factors related to thdor the protection factor (§ are equal to 0.1 or 1
complexity of the task, handling conditions of thefor radionuclides handled in a fume hood or on an
radioactive material, as well as the physical an@pen bench, respectively. For the simulation
chemical properties of the nuclide. IAEA criteriapresented in this paper a “very simple wet
consider internal monitoring is necessaryoperation” is performed in a fume hood. Thys, f
whenever the value of;ds above 1 mSv. The and fs are both equal to 0.1 which is a safe
value of ¢ is calculated by the following equation: condition for handling unsealed sources of
radioactive materials. It is important to highlight
d=3;10. A. e(Q)nn- frs- fos (1) the fact that, according to the proposed criteria, the
manipulation on an open bench increases the risk
where A is the quantity (Bq) of radionuclide type j of incorporation by one order of magnitude.
used in one year, efg) is the dose coefficient The values of e(g) used in the calculations of d
(mSv Bq") for inhalation of the radionuclide, and are based on biokinetic and dosimetric models
fns and fs are factors related to radiological safetyreleased by the International Commission on
conditions present in the workplace. The finaRadiological Protection (ICRP) and have been
value of ¢ is a summation that includes all thegenerated by the software AIDE (Activity and
various types and forms of radionuclides used ifhternal Dose Estimate) (Bertedt al.,2008). This
the facility as well as the prevailing safetysoftware has been licensed by the IAEA for
conditions during administration. All the distribution among Latin America participant
parameters necessary to calculgt@reé provided countries on the IAEA-ARCAL project entitled
in the IAEA Safety Guide RS-G-1.2. “Harmonization of Internal Dosimetry
This methodology can also be used to calculate tHe&rocedures” (Meloet al., 2007). Default values
maximum annual activity A,s) for which an refer to inorganic compounds in chemical forms
internal monitoring plan is recommended for a  prior to radiopharmaceutical labeling.
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RESULTS It can be observed that theabrresponding to the
lower activities of**Yi and ***sm are still above
The values of annual activies of eachl mSv. On the other hand, all,4 values are
radionuclide used in the calculations of dbelow the upper limit of the range of authorized
presented in this work where obtained through activities. In the cases ofl and ***Sm, Ay
survey performed in all nuclear medicine centeryalues are also below the lower values of
in operation in Brazil during the year of 2002.authorized activities. In all other cases, %63,
These values correspond to the minimum value of*Tl and **"Tc, Ana values are between the
activity of each radionuclide manipulated annuallyrespective upper and lower values of the range of
in Brazil among all nuclear medicine centers imactivities manipulated in Brazil.
operation at that time. It is not likely that Besides the application of the IAEA criteria for
significant changes have occurred since 2002 igupporting the decision on the need for
annual activities. Table 1 presents the range dfonitoring, such criteria can also be used to
annual activities authorized by the Brazilianprioritize the practices to be controlled in relation
Regulatory Boards to be manipulated in thdo the occupational risk of internal contamination.
Nuclear Medicine Centers in operation in Brazil. In this case it is observed th&ti presents the
Table 2 presents the results of the simulation fdnigher risk. Considering the proposed scenario,
calculating the decision factors; s well as the internal monitoring of**1 should be included in
maximum activities (f\s) of each radionuclide of the radiological protection plan, especially when
interest from which it is recommended to carry outised in therapeutic applications where the quantity
a routine control of internal exposure of the staff activity administered to each patient is usually
through the implementation of an internalseveral tens of millicuries.
monitoring plan.

Table 1- Range of activities manipulated in Brazilian M#r Medicine Centers.

Annual Activity Range (MBQ)

Nuclide
Lower Upper
13 7.80 x 16 7.80 x 16
15%5m 3.90 x 16 1.98 x 16
123 1.98 x 1¢ 1.98x 16
2007 7.80 x 16 4.63x 10
9omre 4.84x 16 1.98 x 10

Table 2 - Values of dand An.x according to IAEA Safety Guide RS-G-1.2 for setelctadionuclides manipulated
routinely in Nuclear Medicine Centers in Brazil Posed scenario: very simple wet operap@nformed in a fume
hood (fsandf,s= 0.1).

. Ajmin* dj Amax** Amax

Nuclide e(9)inn (SV/BQ) .
(MBQ) (mSv) (MBQq) (mCi)

13 1.98 x 10° 7.80 x 16 1.54 x 16 5.00 x 10 13.7

153Sm 2.96 x 18° 3.90 x 16 1.15x 18 3.38x 10 913
123 2.13 x 10% 1.98 x 16 4.22 x 1¢ 4.69 x 10 1269
2007 7.68 x 101 7.80 x 16 5.99 x 10 1.30x 16 3519
9mre 2.03 x 10 4.84x 16 9.83 x 10 4.93x16 13314

* Lower value of activities manipulated; **Activity related taja= 1 mSv.
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DISCUSSION the first group evaluated for implementing an
internal monitoring plan.

Calculation of the committed effective dose

equivalent for workers due to the incorporation of

radiopharmaceuticals requires specific biokinetiACKNOWLEDGEMENTS

models that were not developed in this work. Such

models are required to interpret resultsrovivo  The authors are grateful to Professor Henry Spitz,

andin vitro bioassay measurements if the intakdrom the University of Cincinnati, for his kind

occurred after the labeling step. Othercontribution on reviewing this paper.

computational codes are commercially available

for such dose assessment. Alternatively, a specific

biokinetic model can be developed for theResumO

radiopharmaceutical of interest by using the

editing feature available in the AIDE software. A manipulagdo de fontes abertas em Servicos de
Direct application of the criteria suggested in thé\jedicina Nuclear envolve riscos de eXpOsicAo
IAEA Safety Guide RS-G-1.2 would likely require gxterna e contaminacéo interna. O plano de
internal monitoring for most of the workers in theprotecgo radioldgica das Instalagdes licenciadas
field of nuclear medicine, representing a high coseja CNEN deve incluir a avaliagio de tais riscos e
on this practice in Brazil. Even if less restrlctlvepropor um programa de monitoracéo individual de
parameters suggested in the IAEA safety guidgyrma a controlar as exposicdes e garantir a
were adopted in the calculation qf @ is likely  manutencdo das condicdes de seguranca
that internal monitoring would be required. radiolégica. As recomendacdes da AIEA
For example, it would be necessary to implemenjpresentadas no Safety Guide RS-G-1.2 sugerem
internal monitoring plans in all facilities where theque seja implementado um programa de
annual quantity of ™ activity handled exceeded monitoracéo interna do trabalhador sempre que
13.7 mCi (506.9 MBq). Considering the high costoyver possibilidade da contaminagdo interna
necessary to comply with such requirements, it igonduzir a valores de dose efetiva comprometida
strongly suggested that additional studies bgnyal igual ou superior a 1 mSv. Este trabalho
conducted to improve the methodology forgpresenta a simulagdo da aplicacéo de tais critérios
evaluating risks of internal contamination by theyara os radionuclideos mais utilizados na area de
workers involved in the manipulation of unseale%edicina Nuclear, levando-se em consideragdo as
sources. These studies should include gongicges usuais de manipulacdo das fontes e as
comprehensive national survey of workerfixas de atividade autorizadas pela CNEN.
exposures determined bip vivo and in vitro  conclui-se que a manipulacdo de iodo 131 para

bioassay as well as aerosol sampling ifins terapéuticos é a pratica que apresentada maior
radiopharmacy laboratories to provide actual datgsco de exposicdo interna dos trabalhadores,

to evaluate risks associated with the practice %querendo a adogdo de um programa de

nuclear medicine. monitoracdo interna por parte dos Servicos de
A comparative approach based on the exposuf@edicina Nuclear.

scenarios and safety conditions adopted in this

work indicates that the use ofY presents the

higher risk of intake by workers. However, due toREEFERENCES
costs associated with transporting workers or

bioassay samples to laboratories for analysis, it igyes, c. E. G. R. (2004)Aspectos e Progressos do
suggested that the nuclear medicine centers userograma de Inspegdio em Servicos de Medicina
their own diagnostic devices to perform the Nuclear do Brasil MSc Dissertation, Instituto de
monitoring of the workers (Dantas, 2007; Vidal, Radioprotecdo e Dosimetria, Rio de Janeiro, RJ,
2007; Lucena, 2007). Since the occupationally Brasil.

exposed group with higher risk of intake are mosBertellil, L.; Melo, D. R.; Lipsztein, J.; Cruz-Sea, R.
likely professionals who work in the (2008), AIDE: Internal Dosimetry Softwar®adiat
radiopharmacy laboratories of the nuclear ProtDosimetry.p.1-10.

medicine centers (Freitas, 1991), they should be
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