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Abstract. An experimental programme to estimate, with a better degree of accuracy, the activity that remains 

adsorbed in flasks and syringes used in Nuclear Medicine Services for the administration of radionuclides to 

patients submitted to diagnostic or therapy was conducted under the coordination of the Radioactive Waste 

Division of the Brazilian Nuclear Energy Commission. The adopted recommendation in Brazil to allow an 

expedite solid waste management in nuclear medicine facilities, up to the present, is to consider that 2% of the 

initial activity remains adsorbed in the solid waste, which easily allows the calculation of the storage time to 

achieve regulatory clearance levels by decay. This research evaluates 17 different kinds of radio pharmaceuticals 

and three radioisotopes: 
99m

Tc, 
67

Ga and 
201

Tl. Results obtained by means of a weighting method to estimate the 

residual mass in flasks show that the ratio of the mass of the liquid that remains in the solid waste to the mass of 

the empty flask is constant. This suggests that the residual activity depends on the initial activity concentration of 

radiopharmaceutical contained in each flask, as assumed by the regulatory body. Additionally, results obtained 

by determining the remaining activity in flasks, shortly after the injection of its radionuclides contents in 

patients, indicate that an average value for the residual activity of the order of 10% of the initial activity 

contained in the flasks or syringes can be adopted instead of the previously assumed 2%. It is suggested that the 

more conservative average value obtained in the present work for the activity that remains in flasks and syringes, 

that is, 10% of the initial activity, could be adopted to determine the decay storage time before the release of 

solid waste in the urban conventional land fill disposal system.    
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1. Introduction 
 

The storage for decay and disposal of very short-lived radioactive waste generated in Nuclear 

Medicine Services (NMS), involve relatively simple procedures. However, in practice, activity meters 

or other radiation detection devices commonly used in these facilities cannot perform measurements of 

the order of magnitude of clearance levels established in the waste management regulations.  

 

This article reports the experimental programme conducted with the objective of proposing an 

expedite way to estimate the necessary time for storage of very short lived solid radioactive waste 

generated in nuclear medicine facilities in Brazil, to allow its disposal as conventional waste. 
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2. Methodology 

 
2.1 Activity Measurements    
 

The measurement of the remaining activity in flasks and syringes were conducted in five NMS of the 

city of Porto Alegre, employing the activity meters of these services, which are traceable to the 

Brazilian National Laboratory for Ionising Radiation Metrology through a comparison programme 

launched by the Institute of Radioprotection and Dosimetry (IRD) of the Brazilian Nuclear Energy 

Commission (CNEN), in 1998 [1,2,3,4]. 

 

The experimental procedure consisted of measuring, and registering the time of the measurement, the 

activity of each flask/syringe before its radioactive content was injected in the patient and the activity 

and time of measurement of the empty flask/syringe afterwards. The determination of the remaining 

activity in each recipient took into account the time elapsed between measurements, to take into 

account the loss of activity due to decay. 

 

Values of half- lives adopted for 
99m

Tc, 
67

Ga and 
201

Tl were, respectively, 6.02 hours, 3.26 days and 

3.04 days. 

 

2.2 Mass Measurements 
 

Measurements were conducted with flasks commonly used in NMS without the presence of 

radioactive materials. The experimental procedure consisted initially of washing and drying all flasks, 

filling each one with a certain amount of water, NaCl solution or pharmaceutical products, 

determining the corresponding mass employing an electronic balance from Bioprecisa, Model 

FA2104N, with an accuracy of 0,2 mg, emptying the flask and measuring again the mass of the empty 

flask in the same balance. The mass difference between the dried and the emptied flask gave the value 

of the remaining residual mass. 

 

3. Results and Discussion 

 
3.1 Ratio of the Adsorbed Activity to the Initial Activity in Flasks  
       
Measurements were conducted, over a period of 500 days, for a total of 1258 penicillin flasks in 5 

NMS of the Porto Alegre, the majority of which containing pharmaceuticals marked with 
99m

Tc. A 

limited number of data was obtained for pharmaceuticals marked with 
67

Ga and 
201

Tl since their use is 

much less frequent. 

 

Tables 1, 2, 3, 4 and 5 presents the result obtained for each of the 5 NMS that participated in this 

research. 

 

Table 1: Average Ratio of Adsorbed Activity to Initial Activity in Flasks, Standard Deviation and 

Number of Samples for NMS-1. 

 

Radio pharmaceutical
 

Average Ratio of Adsorbed to 

Initial Activity in Flasks (%) 

Standard Deviation (%) Number of Samples 

99m
Tc - Card 7,88 3,98 70 

99m
Tc - DMSA 7,68 4,91 10 

99m
Tc - DTPA 10,61 3,05 14 

99m
Tc - MAA 27,09 8,68 13 

99m
Tc - MDP 2,47 1,08 46 

99m
Tc 2,72 1,63 42 

67
Ga 4,46 2,60 11 

201
Tl 9,19 1,60 3 
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Table 2: Average Ratio of Adsorbed Activity to Initial Activity in Flasks, Standard Deviation and 

Number of Samples for NMS-2. 

 

Radio pharmaceutical
 

Average Ratio of Adsorbed to Initial 

Activity in Flasks (%) 

Standard 

Deviation (%) 

Number of Samples 

99m
Tc - Dextran 3,73 0,92 13 

99m
Tc - DISIDA 4,54 0,88 4 

99m
Tc - DMSA 3,43 0,87 46 

99m
Tc - DTPA 3,43 0,66 2 

99m
Tc - EC 3,41 0,87 46 

99m
Tc - ECD 1,80 0,72 22 

99m
Tc - Sulphur 3,66 0,72 12 

99m
Tc - Fitate 3,48 0,89 32 

99m
Tc - HMPAD 3,61 0,56 3 

99m
Tc - ISO 3,02 0,71 95 

99m
Tc - MAA 3,47 1,03 37 

99m
Tc - MDP 2,92 0,47 71 

99m
Tc 1,69 0,62 19 

 

Table 3: Average Ratio of Adsorbed Activity to Initial Activity in Flasks, Standard Deviation and 

Number of Samples for NMS-3. 

 

Radio pharmaceutical Average Ratio of Adsorbed to 

Initial Activity in Flasks (%) 

Standard Deviation (%) Number of Samples 

99m
Tc – DMSA 8,97 3,06 6 

99m
Tc – MAA 34,09 21,73 6 

99m
Tc – MDP 4,78 2,05 8 

99m
Tc – MIBI 7,43 3,80 161 

99m
Tc 2,77 1,51 109 

 

Table 4: Average Ratio of Adsorbed Activity to Initial Activity in Flasks, Standard Deviation and 

Number of Samples for NMS-4. 

 

Radio 

pharmaceutical
 

Average Ratio of Adsorbed to 

Initial Activity in Flasks (%) 

Standard Deviation (%) Number of Samples 

99m
Tc - DMSA 8,14 1,07 16 

99m
Tc - DTPA 8,66 5,27 5 

99m
Tc - MAA 39,86 22,9 2 

99m
Tc - MDP 3,93 2,43 22 

99m
Tc - MIBI 5,73 1,92 47 

99m
Tc 3,86 2,25 55 
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Table 5: Average Ratio of Adsorbed Activity to Initial Activity in Flasks, Standard Deviation and 

Number of Samples for NMS-5. 

 

Radio pharmaceutical
 

Average Ratio of Adsorbed to 

Initial Activity in Flasks (%) 

Standard Deviation (%) Number of Samples 

99m
Tc - Card 5,93 3,39 54 

99m
Tc - DMSA 6,12 4,47 7 

99m
Tc - DTPA 4,61 1,90 6 

99m
Tc - ECD 5,87 2,20 10 

99m
Tc - Fitato 4,49 0,76 5 

99m
Tc - MAA 11,10 6,24 2 

99m
Tc - MDP 3,11 1,99 48 

99m
Tc - MIBI 8,09 1,72 4 

99m
Tc 2,29 1,93 74 

 

With the exception of the MAA pharmaceutical (albumin macro aggregate), Table 1 to 5 show that the 

average remaining activity in flasks is of the order of or inferior to 10% of the initial activity. 

 

It can be inferred from Table 6, where the average results for each one of the 5 NMS are presented, 

that a value of around 5%, with a standard deviation of the same order of magnitude represents the 

overall average value for the ratio of residual activity to initial activity in flasks.  

 

Table 6: Average Ratio of Adsorbed Activity to Initial Activity in Flasks, Standard Deviation and 

Number of Samples for the 5 Nuclear Medicine Services Participants of this Study. 

 

 NMS-1 NMS-2     NMS-3         NMS-4         NMS-5             

Average Ratio of Adsorbed to 

Initial Activity in Flasks   (%) 
     6,856 3,105 6,183 5,587 4,024 

Standard Deviation           (%) 6,890 0,928 6,252 5,349 3,087 

Number of Samples 209 402 288 147 210 

 

Furthermore, it was observed that the technique employed to extract the liquid content of the flask 

with a syringe affected the residual activity in the flask, the most efficient being the one shown on  

Figure 1(b), since the liquid does not get in touch with the rubber cap. 

 

Figure 1: Illustration of two techniques used to extract the radiopharmaceutical from the penicillin 

flask with a syringe 

 

              
 

Figure 2 illustrates the average ratios of adsorbed activity to the initial activity, expressed in percent 

(%), for all the data collected in the 5 NMS, as a function of the pharmaceutical employed.    

 

 

 (a) 
 

 (b) 
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Figure 2: Overall Results for the Average Ratio of Residual to Initial Activity in Flasks 

 

 
 

Some experiments were also conducted with 144 syringes, by measuring the total residual activity and 

the activity in its components (butterfly tap, syringe body and needle). It was found that most of the 

residual activity remains in the syringe body and in the needle.  

 

Figure 3: Distribution of the Ratio of Residual Activity to Initial Activity in Syringe Components 

 

 
 

3.2 Ratio of the Adsorbed Mass to the Initial Mass in Flasks and Syringes - Non Radiological 
Experiments 
       

Table 7 presents the results obtained for the average ratio of residual mass to the mass of the empty 

flask, expressed in percent (%) for different initial volumes of pharmaceuticals in the flask and two 

different flask sizes. 

 

It can be seen from the Table 7 that residual masses, for the same extraction technique, tend to be 

constant and are not greater than 1-2 % of the mass of the empty flask under controlled experimental 

conditions, where the objective was to extract all the liquid contained in each flask. If the extraction 

technique involves less contact of the liquid with the flask and flask tap, the residual mass is even 

smaller.  
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Table 7: Comparison between ratios of average residual mass to the empty flask mass, expressed in 

%, for two pharmaceutical products as well as for NaCl solution and for H2O 

 

Pharmaceutical, Initial Volume in 

Flask and Flask Size 

Number of 

Samples 

Ratio of Residual Mass to 

Mass of Empty Flask  (%) 

Standard 

Deviation (%) 

MAA (2 mL),  20 mL Flask 60 0,672 0,199 

MDP (2 mL),  20 mL Flask 60 0,640 0,163 

NaCl (2 mL),  20 mL Flask 60 0,797 0,201 

NaCl (4 mL),  20 mL Flask 60 0,732 0,169 

NaCl ( 6 mL),  20 mL Flask 60 0,748 0,205 

H2O ( 4 mL), 15 mL Flask 50 0,805 0,342 

H2O ( 2mL), 20 mL Flask 60 0,842 0,219 

H2O ( 4 mL), 20 mL Flask 60 0,877 0,280 

H2O ( 6 mL), 20 mL Flask 60 0,748 0,199 

H2O ( 4 mL), 20 mL Flask  
(a)

 60 0,420 0,222 
(a) 

Technique of extraction of liquid from the flask without its contact with the flask rubber 

cap, see Figure 1. 

 

4. Conclusion 
 

An experimental programme to estimate, with a better degree of accuracy, the activity that remains 

adsorbed in flasks and syringes used in Nuclear Medicine Services for the administration of 

radionuclides to patients submitted to diagnostic or therapy was conducted under the coordination of 

the Radioactive Waste Division and the Porto Alegre Office of the Brazilian Nuclear Energy 

Commission (CNEN). 

 

As a general rule, with the exception of one radiopharmaceutical, the ratio of residual activity to initial 

activity in flasks used in NMS varies between 2% and 10 %. This percentage is affected by the 

technique adopted for the extraction of the radiopharmaceutical, the most efficient being the one in 

which the radioactive solution does not get in touch with the rubber cap of the flask. 

 

Mass measurements conducted in laboratory employing the same systematic procedure shows that the 

ratio of the residual mass of the non-radioactive liquid in the flask to the mass of the empty flask is 

constant and of the order of 1 to 2 % of the mass of the empty flask. 

 

The present study suggests that, in the absence of measuring equipment with the capacity to detect 

very low radiation levels or when reliable statistical data is not available, the adoption of the 

hypothesis that 10% of the initial activity remains in the solid waste provides an expedite way to 

estimate the storage time for the decay of radio pharmaceuticals to clearance level expressed in 

activity concentration or total activity [5], allowing the subsequent release of solid waste in the urban 

conventional land fill disposal system.    
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