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Abstract 

131
I is widely used in nuclear medicine for diagnostic and therapy of thyroid 

diseases. Depending of workplace safety conditions, routine handling of this 

radionuclide may result in a significant risk of exposure of the workers subject to 

chronic intake by inhalation of aerosols. A previous study including in vivo and 

in vitro measurements performed recently among nuclear medicine personnel in 

Brazil showed the occurrence of 
131

I incorporation by workers involved in the 

handling of solutions used for radioiodine therapy. The present work describes the 

development, optimization and application of a methodology to collect and 

analyze aerosol samples aiming to assess internal doses based on the activity of 
131

I present in a radiopharmacy laboratory. Portable samplers were positioned at 

one meter distant from the place where non-sealed liquid sources of 
131

I are 

handled. Samples were collected over one hour using high-efficiency filters 

containing activated carbon and analyzed by gamma spectrometry with a high-

purity germanium detection system. Results have shown that, although a fume 

hood is available in the laboratory, 
131

I in the form of vapor was detected in the 

workplace. The average activity concentration was found to be of 7.4 Bq /m³. This 

value is about three orders of magnitude below the Derived Air Concentration 

(DAC) of 8.4 kBq/m³. Assuming that the worker is exposed by inhalation of iodine 

vapor during one hour, 
131

I concentration detected corresponds to an intake of 

3.6 Bq which results in a committed effective dose of 7.13 x 10
-5

 mSv.  These 

results show that the radiopharmacy laboratory evaluated is safe in terms of 

internal exposure of the workers. However it is recommended that the presence of 
131

I should be periodically re-assessed since it may increase individual effective 

doses. It should also be pointed out that the results obtained so far reflect a survey 

carried out in a specific workplace. Thus, it is suggested to apply the methodology 

developed in this work to other nuclear medicine services where significant 

activities of 
131

I are routinely handled as an effective means to optimize individual 

exposures and improve occupational radiation protection safety. 
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1.- INTRODUCTION 

 

131
I is one of the most used radionuclides in Nuclear Medicine due to its high affinity to 

the thyroid gland tissue, energy and type of radiation emitted. It is used in several 

procedures including diagnosis and treatment of diseases associated with thyroid. The 

handling of solutions containing radioiodine can result in a significant risk of 

occupational exposure due to the possibility of incorporation via inhalation or ingestion 

[IAEA 1999; Schwartz 1991]  

 

Several studies have been published about occupational exposure in nuclear medicine 

procedures, where increased use of radioisotopes and availability of suitable 

methodologies for individual dose assessment have been discussed [Baechler 2011; 

Bento 2012; Dantas 2007; Dumeau 2011; Heller 1996; Jansen 1994; Kletter 1999; 

Vidal 2007]. A previous study including in vivo and in vitro methods performed by 

Lucena et al. [2007], showed the occurrence of 
131

 I incorporation by workers involved 

in handling of solutions used for radioiodine therapy. 

 

The International Atomic Energy Agency recommends, in its Safety Guide Series Nº 

RS-G-1.2 [IAEA 1999], to implement occupational monitoring where the risk of annual 

effective dose resulting from intakes of radionuclides exceeds the value of 1 mSv. Such 

document suggests to evaluate the workplace through the analysis of aerosols since 

inhalation is one of the main routes of entry of radionuclides in the human body and the 

main route of occupational exposure by 
131

I.  

 

In general, elements found in vapor form are not collected efficiently with conventional 

filters since porosity is not sufficient for its retention. In the case of iodine, specific 

sorbent materials are used to retain the element. Several research groups have tested 

methods to collect airborne 
131

I and activated charcoal was found to be one of the most 

efficient materials to adsorb iodine because the process is favored by the intrinsic nature 

of the substrate, i.e., its high porosity and high surface resulting area of the charcoal.  

 

Ramos et al. [2010] tested the efficiency of activated carbon for the adsorption of I2, the 

most common form of volatile iodine found in nuclear medicine, obtaining an efficiency 
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of 100% retention of this chemical form. According to Sales [1981], the use of activated 

charcoal as a filter medium should be controlled due to its low flash point, so, the 

smaller the amount of charcoal the greater safety. 

 

The analysis of aerosols in the workplace is recognized as a useful means for controlling 

and optimizing workers exposure involved in the handling of 
131

I. Thus, the aim of this 

work is to develop a method using activated carbon filters to assess the presence of 
131

I 

in aerosol samples collected in Nuclear Medicine Services as a subside to assess internal 

doses associated to the incorporation of this radionuclide by workers. 

 

 

2.- MATERIALS AND METHODS 

 

This study was performed in the Nuclear Medicine Service of a public Hospital located 

in the city of Rio de Janeiro, whose workers agreed to participate voluntarily in this 

research.  

 

A variety of radiopharmaceuticals are handled in this service, including 
131

I, the main 

interest of this work, in the form of capsules and liquid solution. Since the manipulation 

of capsules is believed to represent low risk of internal exposure, the investigation was 

restricted to the radiopharmacy laboratory where iodine solutions are fractionated and 

doses are prepared to be administered to the patients. 

 

A total of sixteen samples were collected during four sampling procedures.  The 

samples were analyzed by gamma spectrometry with Canberra
®
 HPGe coaxial  

semiconductor detector available at the In Vitro Bioassay Laboratory of the Dosimetry 

Division of the Institute of Radiation Protection and Dosimetry (IRD). 

 

2.1.- Preparation of filters and experimental arrangement 

 

Radiopharmaceutical laboratories usually have reduced dimensions and thus handling 

of radioactive materials requires high level of attention and care by the professional. 
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Therefore, experimental arrangement was planned in order to cause the least possible 

inconvenience to routine work. 

 

The collection was carried out using a SKC portable Sampler Airchek model 224-44XR 

and a 37 mm diameter holder with filters containing activated carbon prepared in the 

Laboratory of Aerosol Characterization of the IRD. 

 

The filters, so-called "activated charcoal sandwich", were prepared using the following 

materials: 37 mm diameter glass fiber filters; activated charcoal with a granulometry 

<100  and white glue. 

 

For each filter, 0.15 mg of charcoal was weighed on a glass fiber filter, and sealed in a 

sandwich form using white glue applied on the upper edge of the filter. After drying, 

the ready-made filters are placed in a holder coupled in the suction pump at low flow. 

 

Figure 1 shows the Samplers Airchek and holder. A schematic representation of the 

samplers positioning is shown in figures 2 and 3. It consisted in four samplers, two at 

the right and two at the left side of the fume hood where 
131

I solution is handled.  

 

 

 

Figure 1: SKC Sampler Airchek model 224-44XR and holder 
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Figure 2: Schematic representation of the samplers positioning related to the fume 

hood where 
131

I solutions are handled by workers  

 

 

 

Figure 3: Sampling setup: Air filter and pump positioning are planned in order to 

cause minimum interference on routine work 
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2.2.- Determination of 
131

I in activated carbon filters  

 

The filter samples containing 
131

I were analyzed at the In Vitro Bioassays Laboratory of 

IRD by gamma spectrometry with a Canberra
®

 HPGe coaxial detection system operated 

with the software Genie
®

-2000.  

 

The detection system was calibrated with a 
133

Ba standard source certified by the 

Ionizing Radiation Metrology National Laboratory of IRD.  

 

A counting geometry so-called “sandwich” was established in which 0.15 g of a 

activated carbon was spiked with the 
133

Ba standard source by gravimetric transference 

from a plastic vial and sealed between two glass fiber filters [Mcfarland 1991]. The 

solution was added to the substrate following a geometric model based on hexagonal 

geometric scheme proposed by Ceccatelli et al. [2010].  

 

The activity present in the source at the time of the measurements was corrected 

according to equation 1: 

 

                     (1) 

 

The 
131

I equivalent activity of the source was calculated according to equation 2: 

 

      (2) 

 

The calibration factor was obtained according to equation 3: 

 

     (3) 

 

Where, cpm : net count rate (count rate in the region of interest subtracted from 

background  count rate), AEq: 
131

I equivalent activity of the filter  
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The calibration of the detection system allows determining 
131

I activities and 

concentrations of in filter samples. 

 

 

3. – RESULTS 

 

The collection of airborne samples performed at the Radiopharmacy Laboratory 

investigated in this work used activated carbon filters and an operation flow of 1L/min. 

The results obtained are presented in Table 1. 

 

Table 1– Results for airborne samplings in a radiopharmacy laboratory of a nuclear 

medicine service in Rio de Janeiro 

Sample Collection point 
Filter activity 

(Bq) 

Concentration 

(Bq/m³) 

1 Right (outer face  fume hood)  7.5E+00 1.9E+01 

2 Left (outer face  fume hood) 1.7E+00 4.4E+00 

3 Right (1m) 2.3E+00 5.8E+00 

4 Left (1m) 2.3E+00 5.9E+00 

5 Right (1m) 4.5E-03 3.0E-02 

6 Right (outer face  fume hood) 2.5E-02 1.4E-01 

7 Left (outer face  fume hood) 7.5E-03 4.5E-02 

8 Left (1m) 7.4E-03 5.3E-02 

9 Right (1m) 1.33E-02 3.4E-02 

10 Right (outer face  fume hood) 3.22E-03 8.2E-03 

11 Left (outer face  fume hood) 1.20E-02 2.6E-02 

12 Left (1m) 3.91E-03 7.7E-03 

13 Right (1m) < MDA < MDA 

14 Right (outer face  fume hood) < MDA < MDA 

15 Left (outer face  fume hood) < MDA < MDA 

16 Left (1m) < MDA < MDA 

Average concentration 3 Bq/m³ 

*MDA (Minimum Detectable Activity) = 1.60E-02 Bq 

 

 

The DAC value for 
131

I in vapor form of 416.67 Bq/m³ is calculated considering a 

routine workload of 8 hours per days and 5 days per week, which results in 2000 hours 

per year of constant exposure over the whole period. However the workers involved in 

the handling of radiopharmaceuticals do not comply with such regime. Actually the 
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staff perform the tasks in an alternate basis in order to minimize handling and 

consequently to reduce individual exposure. 

 

Based on this actual differentiated work routine, DAC values for different exposure 

times were calculated considering the manipulation taking place twice a week, and a 

handling time registered by the workers according to their real work routine.  Table 2 

presents the parameters used to estimate concentrations under such conditions, and 

considering the mean activity values for DAC. 

 

Table 2 – Derived Air Concentrations of 
131

I as a function of the time of exposure 

 

 

4.- DISCUSSION 

 

The concentration of radionuclides in air is evaluated by the Derived Air Concentration 

(DAC, expressed in Bq/m
3
) which is defined as that concentration of airborne activity 

which would result in the intake of Ij,inh,L by a worker exposed continuously for one 

year (taken to be 2000 working hours),  being Iinhl,L an intake corresponding to the 

relevant limit on effective dose, e.g., 20 mSv [IAEA 1999]. For a standard breathing 

rate of 1.2 m
3
/h, the DAC would thus be given by Equation 4: 

 

(4) 

Exposure time 

(min) 

Exposure time 

(h) 

Exposure 

time/week 

(h) 

Exposure 

time/year 

(h) 

DAC 

(Bq/m³) 

 

Concentration 

(Bq/m³) 

 

10 0.17 0.33 17.33 4.86E+04 8.67E+00 

20 0.33 0.67 34.67 2.43E+04 1.73E+01 

30 0.50 1.00 52.00 1.62E+04 2.60E+01 

40 0.67 1.33 69.33 1.21E+04 3.47E+01 

50 0.83 1.67 86.67 9.71E+03 4.33E+01 

60 1.00 2.00 104.00 8.09E+03 5.20E+01 

70 1.17 2.33 121.33 6.94E+03 6.07E+01 

80 1.33 2.67 138.67 6.07E+03 6.93E+01 

90 1.50 3.00 156.00 5.40E+03 7.80E+01 

100 1.67 3.33 173.33 4.86E+03 8.67E+01 

110 1.83 3.67 190.67 4.41E+03 9.53E+01 

120 2.00 4.00 208.00 4.05E+03 1.04E+02 
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Applying specific parameters related to 
131

I in vapor form, DAC is calculated as 

416.67 Bq/m³.   

 

The experimental data obtained in this work indicate that the exposure estimated over  

one year of work, for different concentrations are all below the values of DAC. 

However, it should be taken into consideration that these workers are involved in the 

handling of other radiopharmaceuticals in the same service, and that this exposure is 

chronic, it is therefore justifiable to implement actions aiming to reduce 
131

I 

incorporations  and consequently individual occupational exposures and radiological 

risks. 

 

 

5.- CONCLUSIONS 

 

The procedures developed in this work and applied for sample collection and 

radiometric analysis were suitable to the objective of the investigation, both in terms of 

application easiness and sensitivity required for an assessment of occupational 

exposure.  

 

Based on the results obtained it can be concluded that volatilization of 
131

I occurs during 

handling of the solutions. Incorporation was experimentally confirmed through 

additional monitoring of thyroid and urine of workers involved in the handling, 

enhancing sensitivity and applicability of the method to this group of workers. 

 

The calculation of the DAC for different working conditions suggests the efficacy of 

reducing exposure time. Furthermore, improved ventilation conditions would certainly 

reduce risks of incorporation. 

  

Additional studies are needed to verify whether the presence of 
131

I in the air is 

associated with good practices, laboratory design or solely physical and chemical 

properties of the radionuclide itself. Such information would guide specific 
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recommendations on the improvement of radiological protection conditions of the 

workplace. 
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