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ABSTRACT 

In nuclear medicine services (NMS), workers routinely handle radionuclides for diagnostic and therapy. This practice 

represents a risk of incorporation by these radionuclides. The International Atomic Energy Agency (IAEA) 

recommends the implementation of an internal monitoring program on workers exposed to annual effective doses 

greater than 1 mSv, as for example, those who handle 131I for therapy in NMS. Currently, in Brazil, there are not enough 

available laboratories qualified to provide internal monitoring services to attend all possible demand of internal 

monitoring if it such regulation were applied by the Brazilian Nuclear Regulatory Board (CNEN). The objective of this 

work is to disseminate simple and inexpensive methods for in vivo routine thyroid monitoring of 131I using equipment 

available in the NMS. Devices available in two public hospitals located in the city of Rio de Janeiro were calibrated for 

use in occupational internal monitoring. The equipments evaluated in this work presented enough sensitivity for such 

application, being suitable to access intakes of 131I in the thyroid and able to estimate doses below 1 mSv. 
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1. INTRODUCTION 
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In the nuclear medicine practice, a variety of radionuclides are handled for diagnostic and therapy 

which represents a significant risk of internal and external exposure for workers. Such occupational 

exposure requires the implementation of a routine monitoring plan, including intakes of 

radionuclides. Currently, in Brazil, approximately 90 NMS are authorized by the CNEN to handle 

131I for therapy purposes [1], resulting in a significant number of workers routinely exposed to 

intake of that radionuclide which, among the most used in NMS, presents higher risks of intake and 

internal doses. The IAEA recommends to implement an internal monitoring program of this group 

of workers. However, in Brazil there are not qualified laboratories to attend the demand of internal 

monitoring [2]. The objective of this work is to develop and disseminate economically feasible 

methods for in vivo monitoring of 131I in NMS where high activities are routinely handled, mainly 

for radioiodine therapy. 

 

2. MATERIALS AND METHODS 

 

The equipment owned by two medical facilities were calibrated using the IRD neck-thyroid 

phantom containing a 133Ba source certified by the National Metrology Laboratory of Ionizing 

Radiation (LNMRI). 

Facility “A” provided a Portable Surface Contamination Monitor (PSCM) and a Gamma-

Camera (GC); Facility “B” provided a PSCM, a GC and a Thyroid Uptake Scan (TUS). 

The methodology consisted basically in determining the calibration factors for the measurement of 

131I in the thyroid, estimation of the minimum detectable activities and the corresponding Minimum 

detectable effective doses. 

The phantom activity used for the calibration is in the order of 14000 Bq of 131I. The standard 

geometry consisted in positioning the phantom to at 12 cm distance to the GC detectors, 0 cm 

distance to PSCM probe and 0 cm distance to TUS. The count time (except for the PSCM) was 

determined according to detectors sensitivity for a monitoring interval of 1 and 7 days after intake, 

considering a weekly generic monitoring frequency, resulting in 48 monitoring periods per year. 

Calibration of the Detection System 

The Calibration Factor (CF) is calculated as follows: (NC/ T) / Aeq
131I. 
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Where: NC = Net counts; T = Count Time; and Aeq
131I = Equivalent activity of 131I, corrected for 

the date of the calibration in the facility. 

 

Evaluation of the Sensitivity of Methods 

The Minimum Detectable Activity (MDA) [3] is calculated as follows:  

MDA = (4.65 x N) / (T x FC). Where: N = Square root of background (for a single measure) or 

standard deviation of background (for a series of measurements); T = Count time; and CF = 

Calibration factor of the technique. 

 

The Minimum Detectable Intake (MDI) is calculated as follows: 

MDI = AMD / m(t). Where: MDA = Minimum Detectable Activity; and m(t) = Retention fraction 

of 131I at time t. 

 

The Minimum Detectable Effective Dose (MDED) is calculated as follows:  

MDED = MDI x e(g). Where: MDI = Minimum detectable intake; and e(g) = Dose coefficient in 

mSv/Bq intake of 131I by inhalation. 

 

3. RESULTS AND DISCUTIONS 

 

Table 1 presents the results for 3 minutes count time for GC of the installation “A”, 4 minutes for 

TUS, 7 minutes for GC of the installation “B” and instant count rate of the PSCM of both 

installations. 

Table 1: Detection sensitivity (mSv) for 48 monitoring periods per year 

Facility A  Facility B 

PSCM GC   PSCM GC TUS 

1 day 7 days 1 day 7 days  1 day 7 days 1 day 7 days 1 day 7 days 

8.3 13.6 0.51 0.97  7.9 12.9 6.5 9.9 0.9 1.6 

To be apply, the method needs to have a detection sensitivity under 1 mSv [4]. In order to avoid 

disturbing the routine of the NMS, the count time was optimized to be as low as possible but 
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keeping the necessary sensitivity of the method for the application of the technique in occupational 

monitoring. Furthermore the monitoring plan must be established according to the schedule of the 

radionuclide handling of the facility.  

 

4. CONCLUSIONS 

 

Considering a generic weekly monitoring frequency, the GC of both facilities presented enough 

sensitivity for use as a monitoring device up to 7 days after intake; the TUS showed sensitivity only 

for measurements performed 1 day after intake. The PSCM showed not to be suitable for routine 

occupational monitoring. Alternatively, this device can be useful for the investigation of possible 

accidents involving intakes of significant amounts of 131I. It should also be highlighted that the 

implementation of the proposed methodology is easy, simple and inexpensive. 
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