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ABSTRACT 

 
The assessment of the quality control of radiopharmaceuticals used for diagnostic examinations in nuclear 

medicine is essential to obtain adequate images as well as to avoid unnecessary dose to the patient. The most of 

radiopharmaceuticals are labeled with 
99m

Tc eluate obtained from 
99

Mo-
99m

Tc generator. Before the labeling 

procedure, the eluate must be evaluated about its radionuclidic, radiochemical and chemical purities and pH, 

also. This study aims to evaluate the quality of 
99

Mo-
99m

Tc generators used in nuclear medicine departments in 

Recife, Brazil. To determine the 
99

Mo content of the eluate, it was employed the attenuation method using a 6 

mm thick lead cylinder. For chemical purity test, it was used a semi-quantitative colorimetrical test with 

standard solutions of Al
3+

 with concentrations of 5, 10 and 20ppm. The pH evaluation was performed with the 

universal pH strip (Merck®). Radiochemical purity was determined by thin-layer chromatography on silica gel 

aluminum foil (Sorbentia Technologies®) that it was cut in strips of 1x10cm. The solvents were acetone and 

saline. It was observed that about 2.0% of samples showed levels of 
99

Mo above the reference value. Two 

samples are outside of the recommended Al
3+

 concentration. Concerning the pH test, all samples were within the 

expected range. In relation to the content of free pertechnetate, 40% of samples showed values of Rf outside of 

the European and U.S. Pharmacopoeias recommendations. Thus, it is necessary to implement a quality control 

program of the eluate in clinics of nuclear medicine. 

 

1. INTRODUCTION 

 

The nuclear medicine is a medical modality that uses radioactive materials in 

diagnostic or therapeutic procedures and the used radiopharmaceuticals need to show an 

affinity with the organ or tissue that is being investigated [2]. 

 

Radiopharmaceutical is selected so that it is absorbed in the organ of interest and this 

absorption occurs differently between organs in normal and pathogenic conditions. The 

Radiopharmaceutical is labeled with a radionuclide and most available is Technetium- 99m 

(
99m

Tc) [2]. 

 

The 
99m

Tc production in nuclear medicine services was only possible in the 50's when 

Brookhaven National Laboratory developed the 
99

Mo-
99m

Tc generator[3]. In Brazil, the 

nuclear medicine services (NMS) using the generators supplied by the Instituto de Pesquisas 
Energéticas e Nucleares – IPEN/CNEN. 
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The 
99

Mo-
99m

Tc generator have a glass column containing alumina (Al2O3, aluminum 

oxide) with sodium molybdate. The 
99

Mo has a great affinity for alumina leading to its 

adsorption on the column. Unlike 
99

Mo, 
99m

Tc has not affinity for alumina [2]. So when a 

sodium chloride (NaCl) solution is injected, the 
99m

Tc is led from the column, with its 

separation of 
99

Mo. 

 

There are, however, the possibility of the presence of faults, channels or damage in 

the column, which is rare, but is unpredictable [1]. Due to this fact, limits are set by the 

Nuclear Regulatory Commission (NRC) on the 
99

Mo contamination and Al
3+

 ions 

concentration in the eluate, sodium pertechnetate activity and the pH of the eluate.  All of 

these items should be tested in each elution [2, 8]. 

 

In Brazil, there are no standards for the quality control of radiopharmaceuticals in 

relation to the radionuclide, radiochemical and chemical purities, and pH on user level. So, 

the NMS, in general, do not perform tests to verify the quality of the radiopharmaceuticals. In 

a brief study, Nogueira [5] evaluated 5 generators and observed that 12% of samples in the 

solutions eluated showed outside of recommended limits 

 

Thus, this study aims to evaluate the quality of 
99

Mo-
99m

Tc generators used in NMS in 

Recife city. 

 

2. MATERIALS AND METHODS 

This work was realized in three private NMS that currently are in operation in Recife 

city. 

The Quality Assurance tests performed with the eluate were: evaluation of 

radionuclidic, radiochemical and chemical purities and pH. 

2.1. Radionuclidic purity assessment (Molybdenum content)  

To estimate the 
99

Mo level present in eluate, measurements were performed on 20 

generators with 55.5 GBq (1500 mCi) and 70 GBq (2000 mCi) activities. Thus, eluate 

samples were collected in the 1st, 3rd, 5th, 7th and 9th elutions carried out with the generator. 

The used method to perform such measurements was the attenuation method where a 

lead cylinder of 6 mm thick was used to 
99

Mo measurements at NMS dose calibrator. This 

lead thickness is sufficient to offset almost 100% of 
99m

Tc radiation and around 50% of 
99

Mo 

radiation. From these measures, it became possible to determine the purity of the solution, by 

determining the amount of MBT (molybdenum break through), as shown in equation 1 [5]. 
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2.2. Radiochemical purity assessment 

 

Radiochemical purity was determined by thin-layer chromatography on silica gel 

aluminum (TLC-SG) foil (Sorbent Technologies®) that it was cut in strips of 1x10cm. The 

solvents were acetone and saline. 

 

A strip of TLC-SG was placed in a closed vial so that it did not touch the walls like 

showed on the figure 1. After the chromatographic run, the strip was cut in 1 cm pieces and 

activities were determined using the dose calibrators of each service. 

 

 
Figure 1: Schedule chromatographic  

(TLC) of the control radiochemical 

 

The result was expressed in terms of Rf percentage (Eq. 2) [7]. 

 

 
 

2.3. Chemical purity assessment 

 

For chemical purity test, it was used a semi-quantitative colorimetrical test with 

standard solutions of Al
3+

 with concentrations of 5, 10 and 20ppm. 

 

Thus, on a glass plate were prepared aliquots of 5 µL of the eluate sample and 

standard aluminum solutions (all concentrations). Each aliquot was added 25 µL of sodium 

hydroxide (NaOH) 1N, 25 µL of Alizarin S 0.1% and 50 µL acetic acid (C2H4O2) 1N, 

followed by mild agitation with a glass stick. 
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The eluate sample color was compared with that of standard solutions of aluminum 

(Figure 2) to verify in which one is the sample looked like and so estimate the aluminum 

content. 

 

 
Figure 2: Representative result of aluminum content test  

 

The results were compared with the reference level that requires concentrations below 

10 mg/mL of eluted solution [9, 10, 11]. 

 

2.4. pH assessment  

 

pH was determined using the universal pH strip (Merck®) and color was compared 

with the standard colors scale. The established ranges were 4.0 to 7.0 and 4.0 to 8.0 by the 

United States[9] and European Pharmacopoeia, respectively [10, 11]. 

 

 

3. RESULTS AND DISCUSSION  

 

 

3.1. Radionuclidic purity assessment (Molybdenum content) 

 

The results of radionuclidic purity of eluate samples from  
99

Mo-
99m

Tc generator are 

showed in Figure 3.  

 

 



2009 International Nuclear Atlantic Conference - INAC 2009 
Rio de Janeiro,RJ, Brazil, September27 to October 2, 2009 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 
ISBN: 978-85-99141-03-8 

 

 

Figure 3. Values of the 
99

Mo impurity percentage observed in the eluate samples from  

different elutions of 20 
99

Mo-
99m

Tc generators. 

 

Observe that none of the samples exceeded the limit of the European Pharmacopoeia 

[10, 11], which is 0.1%, however two had 
99

Mo content above the limit set by the United 

States Pharmacopeia [9], 0.015%, and another almost exceeded it (Table I). 

 

 

 

 

Table I. Values of activity of activity of 
99

Mo by 
99m

Tc (MBT) 

obtained by the attenuation method. 

 
 

  It is noteworthy that these samples had very low activity of 
99m

Tc, which probably 

favored the observation of the 
99

Mo contamination, as was observed in only a sample of these 

generators. As the half-life of 
99

Mo is greater than the 
99m

Tc, the ratio increases with time. 

This is rarely a problem, but if the initial measurement of 
99

Mo impurity show values close to 

the maximum allowed by USP pharmacopeia, the dose to be administered to the patient 

should be reconsidered.  

3.2. Radiochemical purity assessment 

 

Regarding the test of radiochemical purity, the free pertechnetate fractions in samples 

of eluate were evaluated. It is observed in the results shown in Table II that 33% of samples 

were below the expected level of 0.95, as recommended in American and European 

Pharmacopoeia [9, 10, 11]. 

 

 

Table II - Values of the fraction of free pertechnetate-examined  

by running up-layer chromatography silica gel 
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  It is important to emphasize that, in the NMS A, this test was performed using only 

one strip per sample. This reduces the possibility to say that these samples were appropriated 

or not, because failure may have occurred in the tests. 

 

3.3. Chemical purity assessment 

 

The results of semi-quantitative analysis of chemical purity of the eluate were 

presented in Table III. It is observed that two of the samples had values above what is 

recommended by American and European Pharmacopoeias, which is 10 ppm [9, 10, 11]. 

 

Table III - Values of Al
3+

 obtained by semi-quantitative colorimetric method 

 

 
 

With this values, it is unwise to clinical use due to dysfunctions that may occur as 

flocculation of 
99m

Tc-sulfur colloid, leading to the retention in the pulmonary capillaries; 
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99m
Tc-agglutination of erythrocytes; radiocolloids formation due ion interaction with 

99m
Tc-diphosphonates (MDP, for example) allowing the liver and spleen view, increasing the 

size of particles of 
99m

Tc-microaggregates of albumin, with a consequent increase in the 

concentration of the product in the lungs [9]. 

 

3.4. pH assessment  

 

The results of pH evaluations of eluate samples are presented in Table IV. Data are in 

accordance with the limits set by American Pharmacopoeia (USP) and European 

Pharmacopeia (EP) which is 4.0 to 7.0. 

 

Table IV - pH values of eluate sample from 
99

Mo- 
99m

Tc  generators . 

 

 
 

4. CONCLUSIONS  

 

The results showed that it is possible to obtain eluates samples from 
99

Mo-
99m

Tc 

generator with quality specifications outside the reference values from international 

standards. Thus, it is necessary to implement a quality control program of the eluate in clinics 

of nuclear medicine 
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