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ABSTRACT 

A radiochemical separation and purification for technetium was proposed for radioactive waste in which 

rhenium is to be used as a yield monitor. The separation was performed by anion exchange chromatography and 

the purification was performed by extraction chromatography using a TEVA resin.The determination of 
99

Tc 

was by liquid scintillation counting and rhenium was activated by Triga Mark 1 research reactor and measured 

by gamma spectormetry. Some real samples of nuclear waste such as evaporator concentrate and filter were 

analysed. The chemical recovery determined using rhenium as tracer was around 90 %. 

  

1. INTRODUCTION 

Radioactive wastes are residues that come from routine reactor operations with different 

radionuclide compositions, therefore, placing considerable demands by measurement 

techniques used in their characterization.  We can taken the separation and detection of 

Technetium-99 (
99

Tc) as an example of the necessity of use of various techniques for its 

characterization, such as radiometric and Indutively coupled plasma mass spectrometry (ICP-

MS). Most of the 
99

Tc produced in a nuclear reactor originates from the fission of uranium-

235. Technetium-99 has a radioactive half-life of 2,12 x 10
5
 years and decays to form 

ruthenium-99, which is stable, by emitting beta and gamma radiation. It may be released to 

the environment in significant quantities as the volatile heptaoxide, Tc207, or as the very 

soluble and highly mobile pertechnetate ion, TcO4
-
.  

 

The most widely used method for radiochemical determination of 
99

Tc is by β counting of a 

purified sample [1]. A serious problem with this method, however, has been the lack of a 

stable isotopic tracer for use in the determination of the chemical yield. ICP-MS has been 

proposed as an alternative technique for 
99

Tc measurement in environmental and wastes 

samples and other radionuclides due to its ultra-low detection limit [2,3]. In the case of 

radiochemistry method one approach has been to calibrate a standardized radiochemical 

procedure for its radiochemical yield by means of tracers such as 
95m

Tc (half-life 61 days) or 
99m

Tc (half-life 6.02 h) or to use another element, such as rhenium, as a yield monitor for 

technetium. 
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Butterworth et al. proposed to clarify the conditions under which the rhenium could be used 

as yield monitor in the determination of technetium [4]. According him, technetium, in the +7 

oxidation state, is relatively volatile and hence may be lost both from oxidizing acid solutions 

and during the dry ashing of materials. To solve the problem he proposed that the sample and 

solution of hydrochloric acid concentrate and hydrogen peroxide are treated under reflux. 

Second, it has been found that rhenium may be used as a reliable yield monitor for 

technetium in the analysis. Either there is no discrimination between the elements or, by 

taking certain precautions, differences in their behavior can be allowed for. 

 

 

The objective of this work is the Technetium separation of the other radionuclides, some of 

them gamma emitters others beta or alpha emitters, and its purification by extraction 

chromatography using TEVA resin. Technetium is determined by liquid scintillation 

counting. Rhenium is used as yield monitor with its activation by Triga Mark 1 research 

nuclear reactor and its determination by gamma spectrometry.  

 

 

2. EXPERIMENTAL 

 

2.1.Reagents and Apparatus 

 

All reagents used were analytical grade. The detection of radioactive 
99

Tc was carried out by 

the liquid scintillation spectrometer Quantulus 1220, the vials used were the 20 mL 

polyethylene and the liquid scintillation coktail was the Optiphase Hisafe 3,   all from 

PerKinElmer Inc. (PerkinElmer Inc., Finland). The column materials used in the analysis 

were TEVA resin in pre-packed 50 x 2 mL columns, 100-150 µm particle size, an extraction 

chromatographic material available from Eichrom Technologies (USA) and the anion 

exchange resin Dowex 1x8, Cl
-
 form, from Sigma-Aldrich Chemical Co., (USA). Rhenium 

was analyzed by neutron activation analysis (NAA) after irradiated in a Triga Mark I research 

nuclear reactor from General Atomic (USA) in CDTN by measuring its emitted gamma rays. 

 

 

2.2.Separation and Purification of 
99

Tc 

 

The first step in the technetium separation is the matrix dissolution, evaporator concentrate or 

filter, in 40 mL of concentrated hydrochloric acid, 20 mL of H2O2 and 2 mL of NH4ReO4 

solution (5.31 x 10
-3

 mol L
-1

), under reflux [4]. The time of the reflux was always 2 hours. 

After filtration the supernatant is heated in a hot plate with the temperature less than 100 °C 

for volume reduction up to, approximately, 25 mL. It was added deionized water up to 100 

mL and the pH was corrected to 6 with ammonium hydroxide. This solution was then loaded 

to an ion exchange resin (Dowex 1x8, Cl form, 100-200 mesh, Sigma-Chemical Co., USA), 1 

g of resin in a burette of 10 mL. The column was rinsed with 20 mL of the solution 3 mol.L
-1

 

NaCl pH = 6. 
99

Tc and Re was eluted with 20 mL of 10 mol.L
-1

 HNO3.  

 

This solution was heated in a hot plate with temperature less than 100 °C up to dryness, thus 

it was retaken in 10 mL solution of 0.5 mol.L
-1

 HNO3. After that the solution is passed 

through an extraction chromatographic column containing TEVA resin (Eichrom Industries 

Inc. USA), which is highly specific for technetium in the pertechnetate form. The technetium 

is adsorbed onto the extraction resin and is eluted by 20 mL solution of 8 mol.L
-1

 HNO3. This 
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solution was heated to dryness and retaken in a 10 mL solution of 0,2 mol.L
-1

  HNO3 for LSC 

and NAA analysis. Yield monitor for the analysis of 
99

Tc is the close analogue element 

rhenium acting as both yield monitor and carrier. In this case one aliquot of final solution was 

taken to be compared with one aliquot of standard solution after irradiation in the research 

nuclear reactor Mark 1. The flowchart of procedure for the determination of 
99

Tc is shown in 

the Figure 1. 

2.3.Determination of 
99

Tc by LSC 

From the 10 mL of solution 0.2 mol.L
-1

 HNO3 eluted of the column, it was taken an aliquot 

of 3 mL collected in a scintillation vial. It was added 17 mL of the scintillation cocktail and 

the vial was shaken vigorously. Before counting, in order of minimizing luminescence 

interferences, the vial was storaged in the dark for 24 hours.  

In order to calibrate the counter and to determine the counting conditions, it was prepared a 
99

Tc standard solution and a blank solution, in the same conditions of the sample. The 

counting conditions set-up was a counting time of 180 minutes and a channel interval of 200-

550. 

 

3. RESULTS AND DISCUSSION 

 

Both pertechnetate and perrhenate ions are known to be adsorbed very strongly on a anion 

exchange resin from diluted mineral acids [5,6]. The addiction of hydrogen peroxide ensures 

that Tc is in pertechnetate form [7]. Therefore, the anion exchange step provides a very good 

enrichment and a highly effective separation from cationic radionuclides and matrix 

elements. The next step is the Tc and Re purification with the elimination of interfering 

ruthenium and molybdenum by performing an extraction chromatography using a TEVA 

resin. In this step ruthenium is only poorly retained by the resin being easily removed by 

rinsing the column with nitric acid 0.5 mol.L
-1

. In this condition pertechnetate and perrhenate 

ions remaine adsorbed on the resin showing that rhenium can be used as a yield monitor for 

technetium in this step. Rhenium was analysed by NAA and it recovery was determined as 

being around 90% for the analysis of evaporator concentrate and filter. After purification the 
99

Tc was measured by LSC according to the parameters configured as to follow. 

 

The counting efficiency is obtained by the Equation 1: 

YA

RR
Eff

st

bst

60
                                                                                                                      (1)                                                                                                                      

where Rst is the count rate in counts per minute (cpm) of the 
99

Tc standard, Rb is the cpm of 

the blank, Y is the chemical yield and Ast is the activity of the standard (in Bq). The counting 

efficiency obtained was 87.1 %, with a background of 3.81 ± 0.35 cpm. 
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Figure 1.  Flowchart for the procedure in the determination of 
99

Tc. 

 

 

The sample activity is obtained by the Equation 2: 

ff

bs

EQY

AA
A

60
                                                                                                          (2) 

where Rs is the count rate (cpm) of the sample and Q is the quantity of sample. 

The limit of detection was calculated using the formula proposed by Currie 1968, Equation 3, 

where Ld is the limit of detection with 95 % at confidence level.  

   

QEfft

Rt
L

b

d
60

29.371.2
                                                                                                  (3) 
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The  Ld obtained was 3.15 Bq L
-1 

The Figure 2 shows the representative spectra for 
99

Tc standard and for evaporator 

concentrate sample. Liquid scintillation counting was also used to determine the presence of 

other beta emitting contamenants. By comparing the spectrum for the standard and the 

sample we can say that ocurred a very good separation and purification for technetium, once 

the curve for the sample and that for the standard have the same profile. Furthermore the 

importance of a good radiochemical separation procedure is to avoid interferences of other 

radionuclides β emitters of low-β energies, like 
55

Fe in the LSC counting. 

The results obtained for radioactive waste samples are shown in the Table 1. By the Ld value 

we can say that the minimal activity of a radwaste sample for analysis should be higher than 

3.15 Bq L
-1

. 
.
It is observed that evaporator concentrate sample present activities higher than 

that for Ld. The more important factor is that exist a correlation between the values:  the 

lowest values for activity, samples 1, are for the Angra 1 nuclear power plant and the biggest 

ones, samples 2, are for the Angra 2 nuclear power plant. Every measurement was considered 

along with a confidence interval, the uncertainty to the measurement. 
 

 

Table 1.  Activities in BqL
-1

 for evaporator concentrate and filter sample 

Sample 
99

Tc activity (Bq L
-1

) 

Evaporator concentrate 1 87 ± 5 

Evaporator concentrate 2 336 ± 8 

Filter 1 6 ± 3 

Filter 2 979 ± 12 
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Figure 2.   Spectra for 

99
Tc standard and for evaporator concentrate sample. 
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4. CONCLUSION 

This study used a methodology for measuring 
99

Tc in samples of radioactive wastes such as 

evaporator concentrate and filter. Using a combination of anion exchange chromatography 

and extration chromatography provided excellent isolation of technecium from mixed 

products. Although there is controversy about the use of rhenium as tracer, several other 

tracers have been used such as 
97m

Tc, its use here seem successful. Analysis by NAA proved 

cost-effective and quick being highly sensitive to the concentration of rhenium. 
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