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1. INTRODUCTION 
 
Technetium-99 is a pure �- emitter and important long half-lived multivalent 
radionuclide to be considered in radiation protection of the environment and 
the public. It’s a fission product of both 235U and 239Pu with approximately a 
6% yield. The most stable and very mobile form of Tc is the pertechnetate 
anion (TcO4

-) [1]. Therefore, environmental monitoring requires the knowledge 
of the redox and chemical properties of this element in order to predict its 
behaviour and transfer in the environment. 
Given the extremely low concentration of 99Tc in the environment (10-10 M to 
10-12 M) [2,3], its determination currently necessitates an enrichment and 
separation from the sample matrix prior to instrumental measurement. To this 
end, the development of a suitable analytical technique is required. 
The advantages of Capillary Electrophoresis (CE) as a powerful separation 
technique can be combined with the atomic specificity, multi-elemental 
character and extremely high sensitivity of an inductively coupled plasma 
mass spectrometer (ICP-MS) for trace metal-speciation studies in different 
fields of interest [4-9]. However, the coupling of both commercially available 
instruments deserves particular attention if separative resolution, high 
analyte transport efficiency and sensitive detection are to be achieved. In, 
that technical vein, the interface itself may be considered as the “key to 
success”. Several attempts to develop interfaces for CE-ICP-MS have been 
described over the last few years [6,9]  
However, the 99Tc quantification by ICP-MS can be disturbed by isobaric 
overlaps 99Ru and interferences induced by the matrix, including those 
associated with hydride formation (98Mo1H (23.8%), 98Ru1H (1.9%)). 
The aim of the present study was to develop a rapid and efficient method for 
the determination of 99Tc in environmental samples by CE-ICP-MS without 
preliminary classical radiochemical separation to eliminate the interfering 
elements. 
In this paper, we describe the development and the analytical 
characterization of a new, on-line coupled CE-ICP-MS system with a home-built 
interface. The performances of the system, such as separation resolution, 
detection limits and precision, will be discussed and compared to the results 
obtained by CE-UV. 
 
 

2. EXPERIMENTAL 
2.1. Chemicals and materials 
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All solutions were prepared with ultrapure water. Sulphate buffer solutions 
with a constant pH value equal to 5.5 were prepared by mixing appropriate 
volumes of 0.1 M NaSO4 from Grosseron and water. 0.5 mM of the Osmotic 
Flow Modifier (OFM) Anion BT from Waters was introduced to the background 
electrolyte in order to reverse the direction of the electroosmotic flow. The 
electrolyte solutions were filtered through 0.45 µm filters and sonicated 
before use. 
A 0.001 M Re(VII) stock solution was prepared by dissolving NaReO4 powder 
from Sigma-Aldrich in water. 
Indium standard solution (1,000 µg mL-1 in 0.5 M HNO3) was purchased from 
PlasmaCal. 
Technetium-99 was supplied as sodium pertechnetate by Amersham. 
HNO3 ultrapur (65%) was purchased from Merck. 
The species are separated by CE using a 60 cm x 75 µm id fused silica capillary 
from Beckman-Coulter. 
 

2.2. Instrumentation 
2.2.1. CE system 

A commercial capillary electrophoresis instrument (P/ACE MDQ system from 
Beckman-Coulter) was used in this study. The exit section of the CE capillary 
was placed inside the laboratory-made interface. Typical voltage during a CE-
ICP-MS run was 15 kV. 
For each run, sample was introduced into the capillary using hydrodynamic 
method: 0.5 p.s.i. (1 Pound force per Square Inch equal to 6,894.76 Pa) for 5 s. 
A new capillary was conditionned by flushing in the following order: 1.0 M 
NaOH solution through it for 5 min then 0.1 M NaOH solution for 5 min. Next, 
the basic solution was removed from the capillary by flushing the column by 
water for 10 min. Before and after running each sample, the column was 
regenerated by 5 min of flushing with the run buffer solution. This 
conditioning and regeneration regimen insures reproducible migration times 
from run to run, for given species. 
 

2.2.2. ICP-MS 
A VG Axiom Single Collector High Resolution with Option S instrument was used 
as an element specific detector. The sector field ICP-MS system was run in the 
low resolution mode (R = 400). In all experiments, the ICP was operate at 
1,250 W with an Argon plasma flow rate of 15.0 L.min-1 and an auxiliary Ar 
flow rate of 0.79 L min-1. The ICP-MS data collection was initiated manually, 
immediately after the separation voltage was turned on. 
A PFA-50 (50 µL min-1) nebulizer was used. 
 

2.2.3. CE-ICP-MS interface 
The nebulizer works in the self-aspiration mode.  
As stated above, the first requisite to be fulfilled, to have a good coupling CE-
ICP-MS system, is closing the electrical circuit at the end of the CE capillary. 
For this purpose, a stainless-steel piece (interface) is connected between the 
end of the CE capillary and the nebulizer entrance. 
In order to increase the total liquid flow (CE provides nanoliters instead of 
microliters required by the ICP-MS), we added a secondary liquid flow of an 
electrolyte inside the interface to reach the ICP-MS nebulizer flow rate. The 
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make-up flow is introduced continuously through two sides of the interface, 
for the first side by means with a pumping device (2% HNO3, 200 ng L-1 In) and 
for the second one by self-aspiration (2% HNO3). 
 
 

3. RESULTS AND DISCUSSION 
 
3.1. Studies with CE-UV detector 
3.1.1. Separation of Re(VII)/Tc(VII)/Mo(VI) 

Separations of the perrhenate anion ReO4
-, the pertechnetate anion TcO4

- and 
the molybdate anion MoO4

2- were first performed using CE equipped with UV 
absorbance detection at 250 nm. Capillary electrophoretic separations of 
anions are possible owing to differences in their respective electrophoretic 
mobilities, determined by the charge and mass of the anion [10]. Rhenium and 
molybdenium are two technetium chemical analogues. So they have similar 
mobilities, and thus separation of the pertechnetate, perrhenate and 
molybdate anions is difficult. However, in the sulphate buffer, anions are 
stable and mobilities for Mo(VI), Tc(VII) and Re(VII) are enough different to 
allow a separation. A pH of 5.5 was found to be optimum and a hydrodynamic 
injection for 5 s at 0.5 p.s.i.of the sample and a separation voltage of 20 kV 
gave the best separation of these elements. 
Fig.1 shows the electropherogram of the separation of Mo(VI), Re (VII), Tc(VII) 
respectively at 10-3 M, 10-3 M and 10-4 M in 10 mM SO4

2- + 0.5 mM OFM buffer 
solution at 20 kV by CE equipped with an UV detector. 
 

 
Fig.1: Separation of molybdate (10-3 M), perrhenate (10-3 M) and 

pertechnetate (10-4 M) anions by CE-ICP-MS at 20 kV, 25°C, 250 nm. 
Buffer: 10 mM SO4

2-, 0.5 mM OFM Anion-BT, pH = 5.5. 
 

Migration times obtained for the three anions, in the sulphate buffer, are the 
following: 

- MoO4
2- : t migration = 3.1 min  
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- ReO4
- :    t migration = 4.3 min 

- TcO4
- :    t migration = 5.8 min 

Precision values based on three replicates of the separation were less than 5 % 
RSD for migration time for the three anions studied. 
These anions are well separated and detected at the concentration around 10-

3 M in our conditions by CE-UV. 
So, CE equipped with an UV detector is a rapid and efficient technique to 
separate 99Mo, 99Tc interference at m/z equal to 99 by using ICP-MS. CE-UV is a 
good technique to separate chemical analogues without preliminary classical 
radiochemical extraction, which are not quantitative and time consuming for 
technetium extraction (ReO4

-, MoO4
2-, TcO4

- are co-eluted in a Tc-resin). 
 

3.1.2. Limits of detection of Re(VII)/Mo(VI)/Tc(VII)  with CE-UV 
In order to define the range of application of the method under consideration 
for an analysis and quantitative determination of Mo(VI), Re(VII) and Tc(VII), 
the corresponding calibration curves were plotted. The detection limits 
corresponding to the minimum detectable concentration were calculated for 
the absorbance at 250 nm as an order of 1x10-5 M for Tc(VII), 2x10-6 M for 
Mo(VI) and 4x10-6 M for Re(VII). 
Given the extremely low concentration of 99Tc in the environment, the 
detection limit obtained by CE-UV for Tc is really too high for requested 
levels. 
In order to improve the detection limit and to maintain the separation with 
interfering elements, a solution is to couple to the capillary electrophoresis an 
ICP-MS spectrometer instead of the UV detector. 

 
3.2. Studies  with CE-ICP-MS system 

The stability of the CE-ICP-MS set-up was checked by monitoring the electrical 
current and the nebulization during an electrophoretic separation. 
The nebulization is monitored by 115In, which is also stable and independent of 
the electrophoresis. 
 

3.2.1. Preliminaries studies with rhenium 
Rhenium has two natural isotopes, 185Re (37.4%) and 187Re (62.6%) that are 
detectable by ICP-MS. Initial separations were performed using the stainless-
steel interface. The instrument was tuned using a 200 ng L-1 indium solution. A 
nebulizer gas flow of 0.78 mL min-1 and a pump flow of 2 mL h-1 were used. 
Using hydrodynamic injection conditions, identical with those used with UV 
detection, an injection of a perrhenate solution was made onto the capillary. 
For determination of the detection limit for the anion perrhenate by CE-ICP-MS 
system, we have separated the perrhenate anion in using rhenium standards at 
different concentrations in the range from 1x10-7 M to 5x10-7 M.  
The detection limit for rhenium by CE-ICP-MS is equal to 1.9x10-8 M for 
185ReO4

- and 6.1x10-8 M for 187ReO4
-. 

Precision values based on two replicates of the separation were less than 5% 
RSD for hydrodynamic injection for the anion perrhenate studied. 
When we study rhenium by the coupling CE-ICP-MS system, we obtain a gain of 
a factor 60 (187Re) to 200 (185Re) compared to the detection of ReO4

- by CE-UV. 
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Therefore, these results obtained for one of the technetium chemical 
analogues show the faisability of the coupling CE-ICP-MS system and the same 
improvement for the detection of the pertechenetate anion is expected but 
without taking into account interfering elements at m/z = 99. 
 

3.2.2. Pertechnetate anion by CE-ICP-MS: DL of 99Tc 
The detection of rhenium has been performed before technetium one to make 
sure to observe a stable electrical current, during the separation of 
perrhenate at 15kV, which indicates that the interface provides a stable and 
continuous electrical contact. This is necessary for reproductible 
electrophoretic separations. 
For determination of the detection limit of the anion pertechnetate by CE-ICP-
MS system, we have separated the pertechnetate anion in using technetium 
standards at different concentrations in the range from 4.7 µg.L-1 to 56 µg.L-1. 
The calibration curve of the anion pertechnetate using the optimum conditions 
of separation (0.5 p.s.i. for sample injection for 5 s) by CE-ICP-MS is given in 
Fig.2.  
The detection limit for technetium by CE-ICP-MS is equal to 2 µg.L-1 
(equivalent of 2x10-8 M). 
Precision values based on two replicates of the separation were less than 5% 
RSD for hydrodynamic injection for the anion pertechnetate studied. 
We have a gain of a factor 500 when the anion pertechnetate is detected by 
the CE-ICP-MS system instead of the CE-UV one. 
So, the CE-ICP-MS is more adapted than CE-UV to the detection of the 
technetium for low levels. 
TcO4

- can be easily detected and quantified by the coupling CE-ICP-MS system 
at concentration in the range from 6x10-7 M to 5x10-8 M. 
To optimize the coupling system and to reach a best detection limit for 
technetium, different ways are to be considered as to reduce the dilution 
factor due by the two flow rates in using an other nebulizer like PFA-20 
µL.min-1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2: Calibration curve of pertechnetate anion by CE-ICP-MS at 15 kV + 0.2 
p.s.i..  Buffer: 10 mM SO4

2-, 0.5 mM OFM Anion-BT, pH = 5.5. 
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3.3. Separation of Tc(VII)/Re(VII) 
From a mixture of pertechnetate at 2.8x10 -7 M and perrhenate at 2.5x10 -7 M, 
99Tc(VII) and 187Re(VII) have been separated (Fig.3). 
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Fig.3: Separation of pertechnetate (2,8. 10 -7 M) and perrhenate (2,5. 10 -7 M) 

anions by CE-ICP-MS at 15 kV + 0,2 p.s.i..Buffer: 10 mM SO4
2-, 0,5 mM OFM 

Anion-BT, pH = 5,5. 
 

Migrations times are 8.3 min for 99TcO4
- and 9.5 min for 187ReO4

-. 
Precision values based on three replicates of the mixture separation were less 
than 5 % RSD for hydrodynamic injection for the anion perrhenate and the 
anion pertechnetate studied. 
The first aim of this study which is to separate and detect Tc(VII) and Re(VII) 
by CE-ICP-MS system is achieved. As expected, the CE-ICP-MS system is more 
sensitive than the CE-UV system. However, to improve the detection limit for 
Tc obtained by the CE-ICP-MS system, some experiments are in progress. 
 

 
4. CONCLUSIONS AND PROSPECTS 

 
A comparison of ICP-MS and UV absorbance detection for the capillary 
electrophoretic determination of the technetium shows that ICP-MS offers 
significant improvements regarding detection sensitivity for specific interface 
design. 
Additionnal studies are in progress to separate Mo(VI)/Tc(VII)/Re(VII) by CE-
ICP-MS. However, the choice of the metal for the interface design is important, 
indeed Mo amount included in the interface can disturb the detections of Mo 
and Tc in the sample. 
Instead of a long time separation of 99Tc(VII) from the sample matrix before 
measurement, it can be separated online from its overlaps and chemical 
analogues by CE-ICP-MS. The CE-ICP-MS arises as being a sensitive and fast 
technique for the separation and the quantification of 99Tc in samples. 
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More than the quantification, the CE-ICP-MS could give speciation information. 
The knowledge of the redox and chemical properties of the technetium is 
important in order to predict its behaviour and transfer in the environment 
and required by environmental monitoring. 
In further studies, to validate our CE-ICP-MS system we have to compare it to 
the determination of 99Tc by the conventional separation technique such as 
the separation of Tc(VII) by a chromatographic TEVA resin followed by the 
99Tc liquid scintillation measurement. We have to study these separations 
firstly in waters mimicking environmental waters and secondly in a mix of 
pure β- emitters 99Tc / 99Mo. 
To study the speciation of technetium, we could apply these techniques to a 
mixture of Tc(IV) and Tc(VII) firstly in waters mimicking environmental waters 
, secondly in soil samples and thirdly in Chernobyl waters. 
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