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Abstract – The Material Analysis and Metrology Laboratory (LAMM) of the CEA’s Atalante complex ensures analytical 
monitoring of enhanced separation tests. Certain fission products, actinides and lanthanides were assayed by ICP-AES in 
the CBA shielded analysis line. These analyses were particularly effective for controlling the DIAMEX test, and 
contributed to its success. 

 
 

INTRODUCTION 
The Materials Analysis and Metrology Laboratory 
(LAMM) consists of three physical laboratories and a 
shielded analysis line (CBA) in the CEA’s Atalante 
complex at Marcoule. The shielded line (Fig. 1) 
comprises five hot cells equipped for proven techniques 
to meet the analytical performance requirements and 
ensure fast real-time test response. It is the CEA’s most 
recent and effective high-activity analysis system. Two 
of the hot cells in the shielded line are dedicated to 
sample preparation and analysis by ICP-AES. 

 
Fig. 1. CBA (shielded analysis line) 

 
ANALYTICAL CONTEXT 
 
Enhanced separation is part of a research program 
undertaken to reduce the quantity and harmfulness of 
high-level long-lived radioactive waste. The technical 
feasibility demonstration for this project was carried out 
in 2005 through validation tests on genuine solutions in 
the shielded process line (CBP) and in the C11/C12 line 
of the Atalante complex. Three tests were carried out: 
PUREX-Np, DIAMEX and SANEX. Controlling the 
tests and validating the test flowsheets required 
dedicated analytical support provided mainly by the 
Material Analysis and Metrology Laboratory (LAMM) 
at each stage of the process: reagent monitoring; basic 

data acquisition on actual solutions (extraction 
coefficient) for use in modeling; monitoring of 
hydraulic tests on surrogate solutions; monitoring of 
tests on actual solutions; analyses of test results and 
profiles obtained at flowsheet equilibrium. Laboratory 
ICP techniques were largely implemented, mainly under 
high-activity conditions in CBA during the DIAMEX 
test. The DIAMEX process consists in extracting the 
actinides and lanthanides from a PUREX extraction 
raffinate using a diamide, DMDOHEMA, followed by 
stripping at low acidity. The major elements analyzed 
during the test were Am, Nd, Mo, Fe, and Zr. 
 
EQUIPMENT 
 
Description 
The ICP-AES consists of two units: the plasma torch 
and the detection assembly. Only the sample ionization 
device is installed in a shielded cell; the measuring 
instruments are located outside the enclosure (Fig. 2). 
To mitigate the risk of contamination in the shielded 
cell, an ultrasound chamber was specifically designed 
for sample introduction. Ultrasound is generated by the 
vibration of a piezoelectric quartz crystal. The nebulized 
sample is supplied to the plasma using argon as the 
vector gas. The plasma is generated by a high-frequency 
system in which some of the components are cooled by 
compressed air. The gas is water-cooled and flows 
through a HEPA filter barrier. The complete plasma 
torch is contained in a Faraday cage to limit interference 
with the surrounding equipment (Fig. 3). 
The light beam is transported to the spectrometers via a 
sealed optical tunnel surrounded by radiological 
shielding. The optical system comprises two sequential 
spectrometers (Jobin Yvon). The main spectrometer 
(THR 1000 monochromator) measures the elements 
previously selected by the internal optical network. The 
secondary spectrometer (HR 320 monochromator) 
continuously measures the emission intensity of the 
internal standard (Sc). Both measurements are 
performed simultaneously. 
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Fig. 2. Nuclearized ICP-AES in a shielded cell 

 
Fig. 3. ICP-AES plasma torch in a CBA shielded cell 

The CBA line imposes certain limitations: 
– The ICP software controls only a single cycle of the 
sample changer; as the sample changer includes only 8 
positions, the analytical procedure is limited to 8 
samples including blanks and standards. 
– The optical system limits the number of wavelengths 
that can be examined during a single analysis. The CBA 
ICP-AES system can select no more than ten 
wavelengths for sequential analysis. 
 
Analysis method 
For each element assayed a calibration run was 
performed using certified standard solutions. Regression 
lines giving the intensity variation versus the 
concentration were then calculated either directly by the 
control software or by processing the raw data 
according to the guidelines for expressing measurement 
uncertainty (AFNOR standard XP-07-020, June 1996). 
The raw data were also used to determine the Detection 
Limit (DL) and Quantification Limit (QL). 

A known quantity of an internal standard was added to 
all the assay solutions to correct for the effects of the 
matrix (signal attenuation due to the presence of a major 
species), the sampling procedure, or instrument drift. 
Several criteria determine the choice of the internal 
standard: 
– it must not be present in the analysis samples; 
– if possible, its physicochemical behavior must be 
similar to that of the assayed element; 
– it must emit on a wavelength similar that of the 
measured element, and the line must be of similar nature 
(ionic or atomic). 
In practice the most commonly used internal standards 
are scandium (Sc), indium (In), and holmium (Ho). The 
internal standard concentration was selected near the 
center of the calibration range and the same 
concentration was used for all the samples analyzed 
(blank, standards, and samples). 
 
REAL-TIME MONITORING OF DIAMEX TEST 
 
Am, Nd, Fe, Mo and Zr were monitored in CBA by 
ICP-AES for control of the DIAMEX test. 
Using the CBA ICP system for these analyses avoided 
all the problems inherent in transferring samples to 
laboratory glove boxes (maximum permissible dose rate 
in a glove box) and ensured the following advantages: 
– elimination of sample pollution problems following 
dilution in the shielded line; 
– improvement of DL and QL compared with 
laboratory ICP results; this was true mainly for highly 
irradiating samples requiring strong dilution (by a factor 
of 1000 or more) for transfer to a glove box (samples 
rich in FP and/or An); 
– avoidance of time constraints arising from sample 
transfers, allowing the rapid response necessary for 
process control (response time: 1 to 2 h). 
A tradeoff between instrument limitations and process 
requirements was necessary to qualify the system for the 
process control analysis. 
 
Objectives 
The analytic objectives were: 
– to qualify the system for use with Nd, Am, Mo, Fe, 
Zr initially, and subsequently for Gd, Eu, and Pd; 
– to guarantee quantification limits better than 
0.5 mg·L-1 for Nd and 0.1 mg·L-1 for Am in a matrix 
containing fission products (Fe, Mo, Zr, etc.); these 
quantification limits were estimated to guarantee An 
monitoring within 0.1% in the FP production flow; 
– to measure FP traces (Fe, Mo and Zr) in a matrix 
containing An/Ln. 
 
Instrument qualification 
Before undertaking a systematic investigation of each 
target element, several preliminary steps were carried 
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out: optimization of the ICP parameters (heating time, 
argon flow rate, etc.); optimization of the solution 
analysis volume (optimum value: 10 mL); selection of 
the number of wavelengths examined during a single 
analysis (5 wavelengths maximum). This study was 
performed on certified SPEX standard solutions (for 
lanthanides and fission products) and a concentrated 
Am source (abundance validated by alpha and gamma 
spectrometry). 
The main steps in the qualification procedure included: 
– identifying the wavelengths of the target elements 
either from references tables or based on experience. 
Three or four useful wavelengths were considered for 
each element based on analysis of single-element 
standard solutions, and were rated according to the 
instrument response; 
– identification of spectral interference, initially from 
reference tables, then experimentally from measure-
ments on solutions simulating the presence of An and/or 
Ln with FP (mainly Fe, Mo and Zr); examples included 
[An or Ln] = 2 mg·L-1, [Fe] = 200 mg·L-1 and [Mo] = 
[Zr] = 100 mg·L-1. 
After analyzing the data, two wavelengths were selected 
for each element and the instrument response was 
calibrated. The calibration was validated by comparing 
the results obtained by ICP-AES in laboratory L19 and 
by ICP in the CBA shielded line on the high-activity 
solution. 
 
Analysis protocol 
Am, Nd and Mo were monitored to control the test. In 
view of the limited number of positions in the sample 
changer, calibration was performed using only two 
standards and one blank, allowing two to four samples 
to be analyzed during a single cycle with an estimated 
uncertainty of 30% on the final result. A single 
wavelength per element was used to shorten the analysis 
time (Table 1) 
 
Preparation of solutions prior to analysis 
The analyzed samples were diluted by a factor of 2 to 
10 in 2% HNO3. The internal standard (Sc) was added 
to all the samples (including the blanks and measure-
ment standards) at a concentration of 10 mg·L-1. The 
instrument was rinsed after each analysis cycle and 
checked for pollution before beginning the next cycle. 
The DL and QL values indicated in Table 1 are the 
calibration values. The results reported, which take into 
account the dilutions necessary for sample preparation, 
always exceeded these limits by a factor at least equal to 
the dilution factor. Am and Nd losses were thus detected 
only above 0.2 mg·L-1 (dilution by a factor of 2), which 
was sufficient for process control. The samples taken at 
equilibrium were analyzed for Am, Nd, Mo, Fe and Zr 
according to the same procedure. 

Table 1. Elements analyzed by ICP with 
corresponding wavelengths, DL and QL determined 

under the experimental conditions 

Element CBA wavelengths 
(nm) 

DL and QL 
(mg·L-1) 

Am 292.09 0.1/0.3 

Nd 430.36 0.1/0.5 

Mo 281.62 0.3/0.9 

Fe 238.204 0.2/0.5 

Zr 339.198 0.2/0.8 
 
RESULTS AND PERSPECTIVES 
 
The device was qualified and calibrated to minimize the 
analytical response time. The constraints inherent in the 
nuclearization options for the hardware and software 
limited the number of calibration points and the number 
of wavelengths per element (sequential single-channel 
spectrometer). Comparison with laboratory ICP results 
showed a good correlation, however, and the results 
obtained—even with 30% uncertainty—were sufficient 
to ensure successful control of the test. 
The analysis station is currently being upgraded: the 
control software will allow processing of a series of 16 
samples instead of 8; and the two sequential spectrome-
ters will be replaced by a CCD spectrometer capable of 
analyzing 40 wavelengths simultaneously, and a 
monochromator spectrometer for high-precision 
analysis. Both spectrometers are equipped with three 
automatically switched optical networks and a 
controlled temperature system. These changes are 
expected to increase the sample analysis capacity and 
diminish the analytic uncertainties. 
 


