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ABSTRACT 
 
99mTc is used in nuclear medicine for image diagnoses with SPECT. It is obtained from the elution of 
molybdenum-99/technetium-99m (99Mo/99mTc) generators. During the elution, 99Mo can detach from the 
column, passing through the filter and mixing in the solution of pertechnetate eluate and becoming a 
radionuclidic impurity.  The presence of molybdenum in the radiopharmaceutical solution imparts an 
unnecessary radiation dose to the patient, since its half-life is relatively long (66 hours) and it emits beta 
particles and high-energy photons of (740keV).  A parameter that indicates the quality of the eluates is the 
radionuclidic purity, the MBT (molybdenum break through), defined as the ratio between 99Mo and 99mTc 
activities in the eluate. The American and the European Pharmacopoeias restrict 99Mo content to respectively 
0.015% and 0.1% activity ratio 99Mo/99mTc at the time of the administration to the patient. In Brazil, this 
parameter is not controlled by official regulations.  The objective of this work is to determine the presence of 
99Mo in the eluates used in nuclear medicine centers (NMC).  The activity measurements of 99Mo were 
performed with a NaI(Tl)8”x4” scintillation detector installed in the IRD whole body counter.  The activity of 
99mTc was measured in the NMC where the eluates were collected and, using the established calculations, it was 
determined the activity ratio 99Mo/99mTc.  The eluate samples were kindly supplied by the participating NMC of 
Rio de Janeiro. All measurements indicated the presence of 99Mo.  It is concluded that the technique is sensitive 
to detect 99Mo in 99mTc eluates and permits to verify the quality of the generators used in NMC evaluated in this 
study. 
 
 

1. INTRODUCTION 
 
The field of Nuclear Medicine has developed enormously in the last 10 years with the use of 
a large variety of new radioisotopes. However, technetium-99m (99mTc) continues to be the 
most used, representing nearly 80% of the image diagnostics all over the world. It is obtained 
in radiopharmacy laboratories by elution of a 99Mo-99m Tc generator (Fig. 1).  
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Figure 1. 99Mo-99mTc Generator scheme 
 
 
 
As 99Mo detaches from the column, passing through the filter and mixing in the solution of 
pertechnetate eluate, it becomes a radionuclidic impurity [1]. The presence of molybdenum in 
the radiopharmaceutical solution imparts a unnecessary radiation dose to the patient, since its 
half life is relatively long (66 hours) and it decays by beta emission to 99mTc (86%) and 99Tc 
(14%), emitting photons of 740 and 778 keV (Fig. 2). It should also be highlighted that the 
internal effective dose per unit intake of 99Mo, is 50 times higher than that for the 99mTc. 
Furthermore, the presence of 99Mo may affect the image quality, leading to the need of re-
examination. 
 
 
 

 
 

Figure 2. 99Mo decay scheme 
 
 
 
One of the parameters used to state the quality of 99mTc eluates is the radionuclidic purity, 
MBT (molybdenum breakthrough) defined as the ratio between 99Mo and 99mTc in the 
eluates. The comparison between the radionuclidic impurity limits adopted by the American 
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and European Control agencies shows meaningful differences. European Pharmacopeia 
establishes that solutions to be administered to patients should not present activity 
concentration higher than 1 kBq of 99Mo / 1MBq of 99mTc (1µCi of 99Mo / 1mCi of 99mTc). 
American regulation does not allow this figure to be higher than 0.15kBq of 99Mo / 1MBq of 
99mTc (0.15µCi of 99Mo / 1mCi of 99mTc), and it establishes the obligation to carry out the 
control of this parameter routinely at the Nuclear Medicine Center [2, 3]. The US limit is the 
same recommended by the International Atomic Energy Agency (IAEA). The Brazilian 
regulatory bords (CNEN and ANVISA) do not establish neither limits nor quality control of 
these parameters. 
 
A recent study reported levels of molybdenum higher than 0.15 kBq per 1 MBq in 7.4 % of 
the samples tested in a survey carried out in Brazil among nuclear medicine centers located in 
the city of Recife, Northeast of Brazil [4]. Furthermore, a preliminary in vivo study 
performed by Dantas et al [5] detected incorporation of 99Mo by a nuclear medicine patient 
previously administered 20 mCi of 99Tc-sestamibi for cardiac scan. These publications 
suggest the need for more detailed studies in this field. Therefore, this work shows results 
obtained in a series of sampling campaigns carried out in nuclear medicine centers located in 
the city of Rio de Janeiro. 
 
 

2. MATERIALS AND METHODS 
 
The measurements of 99Mo were performed in the IRD whole body counter using a 
NaI(Tl) 8”x4” scintillation detector. Spectrum acquisition was controlled by the Genie2000 
software. The detector is located inside a shielded room with internal dimensions of 2.5 x 2.5 
x 2.5 meters. The shielding is made of 15 cm steel walls internally covered with a graded-z 
lining of lead, cadmium and zinc. The detection system is able to detect and quantify photon 
emitters in the energy range from 100 to 3000 keV. The solution was transferred to a glass 
vial used in radiopharmacy labs, for technetium elution, and the volume was completed to the 
first mark of the vial. An acrylic device was designed and produced in the Mechanic 
Workshop of IRD for supporting the vial at fixed distances (Fig. 3).  
 
 

 
 
Figure 3. Calibration of the NaI(Tl)8”x4” detection 
system for eluate measurements. 
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Eluates were counted at the best distance (10, 15 or 20 cm) between the base of the support 
and the detector front face, depending on the level of activity present. The measurements 
were performed for 5 or 10 minutes. 99Mo activities were reported to the moment of 99mTc 
elution in the NMC for the calculation of the proportion of 99Mo/99mTc (MBT). 
 
Eluates samples were voluntarily provided by two NMC located in the city of Rio de Janeiro, 
whose generator capacities were 37000 and 27750 MBq (1000 and 750 mCi). The activity of 
each 99mTc eluate was measured in the NMC radiopharmacy laboratory using a dose 
calibrator available at the hospital. 
 
 

3. RESULTS 
 
The results of the survey is presented in Tables I and II. Activities of 99Mo and 99mTc are 
corrected for the time of elution and the corresponding values of MBT was calculated for 
each eluate sample.  
 
It can be observed that all eluate samples presented detectable activities of 99Mo and the 
minimum detectable activity (MDA) was 110 Bq (0,003 µCi). 

 
 
 

Tabel 1. Activities and MBT values at the moment of 
the elution  (NMC 1 – Generator 1000 mCi) 
 

Activity 
Eluates 99Mo 

(µCi) 

99mTc 
(mCi) 

99Mo 
(kBq) 

99mTc 
(MBq) 

MBT 
µCi of 99Mo 
mCi of 99mTc 

1 5.153 495.71 190.64 18341 0.010 
2 3.652 399.76 135.11 14791 0.009 
3 2.786 382.17 103.08 14140 0.007 
4 0.412 80.59 15.24 2981 0.005 
5 0.333 98.54 12.31 3645 0.003 
6 1.712 546.88 63.34 20234 0.003 
7 5.692 727.57 210.60 26920 0.008 
8 4.304 590.05 159.26 21831 0.007 
9 2.224 372.58 82.27 13785 0.006 
10 1.538 957.84 56.91 35440 0.002 
11 6.326 809.12 234.06 29938 0.008 
12 5.989 636.43 221.59 23548 0.009 
13 0.486 121.05 17.97 4479 0.004 
14 3.675 751.56 135.99 27808 0.005 
15 7.708 610.84 285.19 22601 0.013 
16 2.417 268.64 89.42 9940 0.009 
17 1.080 90.03 39.95 3331 0.012 
18 1.887 313.42 69.80 11596 0.006 

The mean uncertainty of each measurement is 2%. 
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Tabel. 2 Activities and MBT values at the moment of 
the elution (NMC 2 – Generator 750 mCi)  

 

Activity 
Eluates 99Mo 

(µCi) 

99mTc 
(mCi) 

99Mo 
(kBq) 

99mTc 
(MBq) 

MBT 
µCi of 99Mo 
mCi of 99mTc 

1 0.253 31.34 9.35 1160 0.008 
2 0.148 28.81 5.47 1066 0.005 
3 0.139 24.63 5.14 911 0.006 
4 0.357 119.45 13.21 4420 0.003 
5 0.133 42.11 4.91 1558 0.003 
6 0.251 89.87 9.27 3325 0.003 
7 0.184 43.17 6.82 1597 0.004 
8 0.123 15.99 4.55 592 0.008 
9 0.204 100.74 7.56 3727 0.002 
10 1.156 158.31 42.79 5857 0.007 
11 0.075 83.95 2.78 3106 0.001 
12 0.233 35.36 8.63 1308 0.007 
13 0.182 92.27 6.74 3414 0.002 
14 0.127 38.70 4.70 1432 0.003 
15 0.241 34.25 8.93 1267 0.007 
16 0.145 40.89 5.37 1513 0.004 

The mean uncertainty of each measurement is 2%. 
 
 

4. CONCLUSIONS  
 
The detection system used in this study is suitable for such method and presents enough 
sensitivity to identify and quantify 99Mo contamination in 99mTc eluate samples. The results 
obtained for these eluates state the good quality of the 99Mo/99mTc generators since MBT 
values are all below the limits adopted by the American and European Pharmacopeias. The 
methodology presented in this work can also be applied for quality control measurements of 
radionuclidic impurities of other radionuclides used in nuclear medicine.  
 
This work indicates the importance of the routine control of radionuclidic impurity at the 
nuclear medicine centers in order to guaranteed the quality of the radiopharmaceuticals used 
in nuclear medicine and reduce unnecessary radiation dose to the patients. 
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