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Glossary 
 

AMS: Accelerator Mass Spectrometry 

ICP-MS: Inductively coupled plasma mass spectrometry 

ICP-QMS: Single quadrupole inductively coupled plasma mass spectrometry 

ICP-MS/MS: Inductively coupled plasma tandem mass spectrometry 

MC-ICP-MS: Multi-collector inductively coupled plasma mass spectrometry 

ICP-SF-MS: Sector field Inductively coupled plasma mass spectrometry  

ILC: Interlaboratory comparison  

RM: Reference materials  

RN: radionuclide 
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Since mass spectrometry measurements require to take sub-samples from units of the reference material, the 
homogeneity within bottles was assessed, as well as the homogeneity between bottles.  

For gamma spectrometry, two different sample sizes were measured: 50 mL and 15 mL, while for mass 
spectrometry, 5 mL samples were used (Figure 2). The gamma spectrometry samples did not undergo any 
chemical separation, concentration or spiking steps, while the mass spectrometry ones were of different/other 
isotopes, 235U for U (U970, a home-made standard prepared at CEA and qualified by reverse isotope dilution) 
and 242Pu for Pu (IRMM-049e), to apply the isotope dilution technique. Furthermore, the U and Pu fractions 
were separated using UTEVA (Triskem international) resin columns. MC-ICP-MS was used for the 
measurements. 

 

 
Figure 2. Schematics of the samples prepared to assess the homogeneity of the liquid RM 

The results of the mass spectrometry measurements (three 5 mL sub-samples from three bottles), for 238U and 
239Pu, and of the gamma-ray spectrometry of 241Am (five 50 mL samples and five 15 mL sub-samples from five 
bottles) are presented in Figure 3. 
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Figure 3. Relative variation of the mass spectrometry measurements of 238U (a) and 239Pu (b) to the average of the results, for the nine 
sub-samples of 5 mL of the liquid RM, and relative variation of the gamma-ray spectrometry measurements of 241Am for (c) five sub-
samples of 50 mL and (d) twenty-five sub-samples of 15 mL. The bars represent the uncertainty of each individual measurement, at k 
= 1. The orange line represents the average of the values of the sub-samples, and the grey lines represent the standard deviation among 
the values of the sub-samples. 

For 238U, sub-sample 14-3 was flagged as suspicious by a Grubbs test [4], and no outlier was detected for the 
other radionuclides, using the same test. No upward or downward trend was observed with the filling order of 
the bottles. 

A one-way analysis of variance (ANOVA) was performed to compare the variance within-bottles to the variance 
between-bottles, for the mass spectrometry measurements of the 5 mL sub-samples and the gamma-ray 
spectrometry of the 15 mL sub-samples.  

Table 1. Summary of the between-bottle variance and within-bottle variance for 238U, 239Pu and 241Am, for the liquid RM 

Radionuclide Technique Size of 
subsample in 
ml 

Between-bottle 
variance sbb in 
% 

Within-bottle 
variance swb in 
% 

Uncertainty of 
measurement, 
at k = 1 in % 

238U MC-ICP-MS 5  0 0.2 0.29 

239Pu MC-ICP-MS 5  0 0.1 0.19 

241Am  Gamma-ray  15  0  0.7 0.2 to 0.5 

 

For all the radionuclides, the between-bottle variance was negligible, and the within-bottle variance was below 
1 %.  
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Table 2. Comparison between the property values determined from the measurement of the starting solutions, of the multi-RN spiking 
mixture and from direct measurement, for the liquid reference material. The uncertainties (shown in parentheses) are presented at 
k = 1. *Value obtained from a mass spectrometry measurement, **value obtained from an alpha spectrometry measurement; *** 
value obtained from a gamma spectrometry measurement. 

Measurand 

Value obtained 
from starting 
solutions + 
gravimetric 

dilutions, in µg/g 

Value obtained 
from multi-RN 

spiking mixture + 
gravimetric 

dilutions, in µg/g 

Value obtained by 
direct 

measurement, in 
µg/g  

Comment 

w(234U) 2.006 (12) E-06* 2.007 (54) E-06* 2.008 (41) E-06* 3 meas. 
compatible k = 1 

w(235U) 2.648 (11) E-04* 2.642 (13) E-04* 2.642 (8) E-04* 3 meas. 
compatible k = 1 

w(236U) Not detected* 2.42 (12) E-07* 2.41 (12) E-07* 2 meas. 
compatible k = 1 

w(237Np) 4.96 (27) E-04* 4.99 (69) E-04* Not performed 2 meas. 
compatible k = 1 

w(238U) 3.69 (13)E-2* 3.673 (18)E-2* 3.670 (11)E-2* 3 meas. 
compatible k = 1 

w(239Pu) 6.102 (80) E-04** 6.443 (20) E-04* 6.436 (25) E-04* 

Mix/ direct 
compatible k = 1; 
non compatible 
with starting sol. 

w(240Pu) 5.939 (8) E-05** 6.264 (19) E-05* 6.290 (65) E-05* 

Mix/ direct 
compatible k = 2; 
non compatible 
with starting sol. 

w(241Am) 8.701 (50) E-05** 8.597 (86) E-05* 8.85 (18) E-05* 3 meas. 
compatible k = 2 

 
For the mass fractions of 234U, 235U, 237Np, 238U and 241Am, all the measurements performed agreed, within 
uncertainties (Table 2). The mass fraction of 236U was below the detection limit in the starting solution, while it 
was easily detected in the multi-RN spiking mixture and the liquid reference material. It is likely that this 
radionuclide did not come from the U solution, but rather the Pu solution, due to the decay of 240Pu. Due to 
time constraints, the mass fraction of 236U in the Pu solution could not be measured.  

The results of the mass fractions of 239Pu and 240Pu agreed between the multi-RN spiking mixture and the 
direct measurement, but the values expected from the concentrations of the starting solutions were lower. It is 
possible that some 239Pu and 240Pu were present in another solution (for example 241Am and 237Np). Due to 
time constraints investigation could not be done to confirm this hypothesis. 

Since the measurement of the multi-RN spiking mixture is the most complete dataset, these values were used 
as assigned values.  
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Table 4. Summary of the sample preparation performed by the participants to the liquid ILC 

Ref participant Number of 
Subsamples and 
amount of sample 

Tracer Chemical 
treatment 

Chemical 
separation of 
interferences 

RN pre-
concentration 

20 5 / 5 g U-233 no info yes yes 

25 6 / 5 g - Yes no no 

30 5 / 20 g 

 

Am-243, Pu-242, U-236 Yes no no 

33 10 g Pu-242 & U-232 Yes yes no 

40 3 /  No no no no 

45 7 / 0.1 g Pu-242, Am-243 Yes yes - U 
separation on 
UTEVA for 
isotope ratios, 
Am separation on 
DGA column 

no 

50 1 / 0.05 g 242-Pu (IRMM-085), 233-
U (IRMM-058), and 243-
Am (NIST 4332e) 

 yes yes 

53   yes no no 

60 1 / 0.12 g Pu-242, Am-243 no yes no 

65 5 / 1 g For Am, U and Np, mass 
bias was calculated based 
on the measurement of U 
solution IRRM (2008-03-
0022). For Pu mass bias 
calculations, Pu certified 
solution UK Pu 5/92138 
was used. 

Yes yes no 

73 2 for isotopic 
composition / 20 g & 5 
for IDMS / 6.6 g 

U-235 Yes yes yes 

 

 

3.2.2 MS instruments and sample introduction methods  

 

Information related to the instrument used are summarized in Table 5, with details in Table 40 (Appendix 2).   

Most of the participants (eight out of ten) used inductively coupled mass spectrometry (ICP-MS) to measure 
the samples, and the other two used radiometric techniques (alpha spectrometry and gamma-ray 
spectrometry). Four participants used ICP tandem mass spectrometry ICP-MS/MS, two participants used 
accelerator mass spectrometry (AMS), one participant used quadrupole ICP-MS (ICP-QMS), one participant 
used multi-collector ICP-MS (MC-ICP-MS) and one participant used ICP sector field mass spectrometry (ICP-
SFMS). 
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Table 5. Summary of the instrumental parameters used by the participants to the liquid ILC. 

Ref 
participant 

System ICP-MS sample 
introduction system 

Blank 
correction 

Mass bias correction iRM Type of 
quantification 

20 AMS Cs sputtering ion source yes no info yes, U-233  

25 ICP-
QMS 

no info yes no no info  

30 ICP-
MS/MS 

no info yes yes, Spiking with Am-
243, Pu-242, U-236 

no info  

33 ICP-
MS/MS 

peristaltic pump, quartz 
cyclonic spray chamber, 
PFA-ST nebulizer, 
quartz injector, iCap Q 
quartz torch 

yes automatic correction  yes, 'IAEA-384 
Fangataufa', 'IAEA-
385 Irish Sea 
Sediment'; TDMA 
51.6 

 

40 Gamma 
spec 

not applicable yes no Secondary reference 
material made of 
multi-radionuclide 
solution (CMI)   

Calibration 
standard 

45 ICP-SF-
MS 

 

Twinnabar-type, Apex 
(ESI) 

yes no yes, natural U to 
check the isotope 
ratio measurement 

 

50 AMS Cs sputtering ion source yes no yes, use of isotope 
standards 

 

53 ICP-
MS/MS 

Standard quartz sample 
introduction system - Ni 
plated sampling cone + 
standard NI skimmer 
cone 

no no isotope standards for 
U, Np, and Pu 

Calibration 
curve 
(radiometric 
standards) 

60 Alpha 
spec 

not applicable no not applicable yes, Am-243 and Pu-
242 for spectrometer 
calibration 

 

65 ICP-
MS/MS 

no info no yes, for Am, U and Np, 
mass bias was calculated 
based on the 
measurement of U 
solution IRRM (2008-03-
0022). For Pu mass bias 
calculations, Pu certified 
solution UK Pu 5/92138 
was used. 

yes, IRRM-075 
(Uranium), Pu 
5/92138 (Plutonium) 
UK 

Isotope 
dilution 

73 MC-ICP-
MS 

CETAC Aridus 2 
Desolvating Nebulizer 
System and Nebulizer: 
Savillex PFA, self-
aspirating, 50 µL/min 

yes yes, mass bias correction 
was done by SSB using 
IRMM-184 as isotopic 
reference 

yes, IRMM-184 for 
mass bias correction, 
NBL CRM 145 as 
concentration 
standard 

Isotope 
dilution 

 

 

3.2.3 Uncertainty budgets 

The detailed uncertainty budgets provided by the participants are presented in Table 43, in Appendix 4.  
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Figure 21. Sampling scheme for the evaluation of the homogeneity of the solid reference material. 

The results of the mass spectrometry measurements (four 0.5 g sub-samples and one 2 g sub-sample from 
five bottles), for 238U and 239Pu, and of the gamma-ray spectrometry of 241Am (three to five 7 g sub-samples 
from five bottles and five 0.5 g sub-samples from eight bottles) are presented in Figure 22. 
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Figure 22. Relative variation of the mass spectrometry measurements of 238U (a) and 239Pu (b) to the average of the results, for the 
twenty sub-samples of 0.5 g (dots) and five sub-samples of 2 g (triangles) of the solid RM, and relative variation of the gamma-ray 
spectrometry measurements of 241Am for (c) three to five sub-samples of 7 g and (d) forty sub-samples of 0.7 g.  The bars represent the 
uncertainty of each individual measurement, at k = 1. The orange line represents the average of the values of the sub-samples, and the 
grey lines represent the standard deviation among the values of the sub-samples. 

For 238U and 239Pu, sub-sample 8-4 was flagged as aberrant by a Grubbs test [4] and was removed from the 
analysis. No outlier was detected for 241Am, using the same test. No upward or downward trend was observed 
with the filling order of the bottles. 

A one-way analysis of variance (ANOVA) was performed to compare the variance within-bottles to the variance 
between-bottles.  

 
Table 20. Summary of the between-bottle variance and within-bottle variance for 238U, 239Pu and 241Am, for the solid RM. The 
asterisk (*) indicated that the ANOVA test flagged the parameter as significant.  

Radionuclide Technique 
Size of 

subsample m 
in g 

Between-bottle 
variance sbb in 

% 

Within-bottle 
variance swb in 

% 

Uncertainty of 
measurement, 
at k = 1 in % 

238U ICP-QMS 0.5  0.4  3.8* 1.7 to 7 

239Pu ICP-QMS 0.5  0.9 6.3* 6 to 12 

241Am Gamma-ray 0.7  0.7* 0.9 1.2 

 

For 238U and 239Pu, the within-bottles variation was statistically significant, and was the highest contribution to 
the overall variance, while for 241Am, a significant variation between bottles was detected, which could not be 
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content in the Am solution was characterised by ionisation chamber, and the 237Np content (decay product) in 
the Am solution was characterised by multi-collector ICP-MS, using a calibration curve. 

All results were reported at the reference date of the 1st of January 2025, and compared.  

 

Table 21. Comparison between the property values determined from the measurement of the starting solutions, of the multi-RN 
spiking mixture and from direct measurement, for the solid reference material. The uncertainties are presented at k = 1. *Value 
obtained from a mass spectrometry measurement, **value obtained from an alpha spectrometry measurement; *** value obtained 
from a gamma spectrometry measurement. 

Measurand 

Value obtained 
from starting 
solutions + 
gravimetric 

dilutions, in µg/g 

Value obtained 
from multi-RN 

spiking mixture + 
gravimetric 

dilutions, in µg/g 

Value obtained by 
direct 

measurement, in 
µg/g  

Comment 

w(234U) 1.7933 (53) E-06* 1.818 (44) E-06* / 2 meas. 
compatible k = 1 

w(235U) 3.346 (10) E-04* 3.3596 (80) E-04* / 2 meas. 
compatible k = 2 

w(236U) 2.3065 (69) E-06* 2.38 (12) E-06* / 2 meas. 
compatible k = 1 

w(237Np) 5.56 (17) E-04* 5.727 (80) E-04* / 2 meas. 
compatible k = 1 

w(238U) 3.3421 (94) E-02* 3.3370 (77) E-02* / 2 meas. 
compatible k = 1 

w(239Pu) 1.097 (13) E-03** 1.1463 (31) E-03* / 2 meas. non-
compatible 

w(240Pu) 2.469 (29) E-05** 2.5868 (77) E-05* / 2 meas. non-
compatible  

w(241Am) 4.122 (23) E-04** 4.187 (42) E-04* 4.281 (90) E-04*** 3 meas. 
compatible k = 2 

 
For the 234U, 235U, 236U, 237Np, 238U and 241Am, all the performed measurements agreed, within uncertainties 
(Table 21).  

The results of 239Pu and 240Pu calculated from the starting solutions were lower than the ones measured on 
the multi-RN spiking mixture. It is likely that, similarly to the liquid reference material, some 239Pu and 240Pu 
was present in another solution (241Am and/or 237Np). Due to time constraints no investigation could be done 
to confirm this hypothesis. 

Since the measurement of the multi-RN spiking mixture was the most complete dataset, these values were 
used as assigned values.  

 

The uncertainty of the assigned value for each radionuclide, and for the isotopic ratios of interest depends on 
the uncertainty of the measurement performed (on the final liquid RM, on the multi-RN spiking mixture or on 
the starting solutions), but also on the homogeneity and stability of the reference material. In fact, it is possible 
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Table 23. Summary of the sample preparation performed by the participants to the solid ILC. 

Ref 
participant 

Number of 
subsamples and 
amount of sample 

Dry mass 
correction 

Tracer Chemical 
treatment 

Chemical 
separation of 
interferences 

RN pre-
concentration 

10 6/1 g or 2.5 g  None None None None 

25 0.5 g 0.942 Pu-242, U-236, Am-243 yes no no 

30 5 / 0.5 g Yes Am-243, Pu-242, U-236 yes no no 

33 5/ 1 g Yes Pu-242 & U-232 yes yes no 

40 5 / 20 g  None no no no 

45 4 / 5 g  Pu-242, Am-243 yes yes no 

50 5 / 0.06 g  242-Pu (IRMM-085), 
233-U (IRMM-058), and 
243-Am (NIST 4332e) 

yes yes yes 

53 0.5 g Fixed at 2 %  yes no no 

60 5 / 0.01 g for Pu, 0.02 
g for Am 

Yes Am-243, Pu-242, U-232 yes yes no info 

65 5 / 1 g Yes U, Pu yes yes no 

73 5 / 2 g for IDMS and 
7 / 2 g for isotopic 
composition 

Yes  235U: IRMM-054. yes yes yes 

 

4.2.2 MS instruments and sample introduction methods  

 

Information related to the instruments used are summarized in Table 24, and details are given in Table 42 
(Appendix 3).  

Most of the participants (eight over ten) used inductively coupled mass spectrometry (ICP-MS) to measure the 
samples, and the other two used radiometric techniques (alpha spectrometry and gamma-ray spectrometry). 
Four participants used ICP tandem mass spectrometry ICP-MS/MS, two participants used accelerator mass 
spectrometry (AMS), one participant used quadrupole ICP-MS (ICP-QMS), one participant used multi-collector 
ICP-MS (MC-ICP-MS) and one participant used ICP sector field mass spectrometry (ICP-SFMS). 
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Table 24. Summary of the instrumental parameters used by the participants to the solid ILC. 

Ref 
participant 

System ICP-MS sample 
introduction system 

Blank 
correction 

Mass bias correction iRM Type of 
quantification 

10 Gamma 
spec 

Not applicable none none none Calibration 
standard 

25 ICP-
QMS 

no info yes no no info  

30 ICP-
MS/MS 

ICP-MS torch yes yes, Spiking with Am-
243, Pu-242, U-236 

no  

33 ICP-
MS/MS 

peristaltic pump, quartz 
cyclonic spray chamber, 
PFA-ST nebulizer, 
quartz injector, iCap Q 
quartz torch 

yes automatic correction  yes, 'IAEA-384 
Fangataufa', 'IAEA-
385 Irish Sea 
Sediment'; TDMA 
51.6 

 

40 Gamma 
spec 

not applicable yes no yes, Secondary 
reference material 
made of multy-
radionuclide solution 
CMI   

Calibration 
standard 

45 ICP-SF-
MS 

 

Twinnabar-type, Apex 
(ESI) 

yes no yes, natural U to 
check the isotope 
ratio measurement 

 

50 AMS Cs sputtering ion source yes no yes, use of isotope 
standards 

 

53 ICP-
MS/MS 

Standard quartz sample 
introduction system - 
PFA inert kit and Ni-
plated Pt-tipped 
sampling and skimmer 
cones 

yes no isotope standards Calibration 
curve 
(radiometric 
standards) 

60 Alpha 
spec 

not applicable no not applicable yes, Am-243 and Pu-
242 for spectrometer 
calibration 

 

65 ICP-
MS/MS 

no info no yes, for Am, U and Np, 
mass bias was calculated 
based on the 
measurement of U 
solution IRRM (2008-03-
0022). For Pu mass bias 
calculations, Pu certified 
solution UK Pu 5/92138 
was used. 

yes, IRRM-075 
(Uranium), Pu 
5/92138 (Plutonium) 
UK 

Isotope 
dilution 

73 MC-ICP-
MS 

CETAC Aridus 2 
Desolvating Nebulizer 
System and Nebulizer: 
Savillex PFA, self-
aspirating, 50 µL/min 

yes yes, mass bias correction 
was done by SSB using 
IRMM-184 as isotopic 
reference 

IRMM-184 Isotope 
dilution 

 
4.2.3 Uncertainty budgets 
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Figure 29. Results for the mass fraction of  238U (increasing order) -solid RM. 

Five participants did not give any results for the mass fraction of 238U. Two of the reported results deviated by 
less than 20 % from the assigned value.  

 

The performance of the participants was analysed using two criteria, described in [5], and explained in 
Appendix 6. Those criteria, as well as the reported and calculated results, are presented in Table 29.  
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Matrix effect might have interfered 239Pu determination by ICP-MS/MS and 240Pu determination by ICP-QMS 
and ICP-MS/MS, and 241Am by gamma spectrometry and ICP-MS/MS. Other possible reasons for observed 
discrepancies between reported and assigned values are interferences from other isotopes and sample 
treatment. 
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[19] Masaharu T., Naoki S., Emmanuel P., Germain B., 2013. Determination of ultra-low 236U/238U isotope 
ratios by tandem quadrupole ICP-MS/MS. J. Anal. At. Spectrom., 2013,28, 1372-1376 
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Table 40. Details of instrument setups used among participating laboratories for the liquid RM. 

Ref 
partcipant 

System Interferences Details 

20 AMS no info no info 

25 ICP-QMS no interferences 
accounted for or 
encountered 

no info 

30 ICP-MS/MS no interferences 
accounted for or 
encountered 

no info 

33 ICP-MS/MS no interferences 
accounted for or 
encountered 

Internal standard correction (Lu-175: 1µg/L), Uran-isotopic measurements: SQ-He-Modus, 
collision gas: helium with flow rate: 7.8 ml/min, Nebulizer Flow: 1.11 ml/min, on-mass modus; yield 
correction via U-232 tracer via alpha spectroscopy measurement (lack of U-236 tracer), blank 
correction, rinsing with 0.1% HF-solution & 1% HNO3 to avoid cross-contamination, U- calibration 
range U-234: 0.00024 - 0.493 ng/L ; U-235: 0.0293 ng/L - 58.587 ng/L, U-238: 0.0407 - 8.157 µg/L; 
Isotopic standard solution U nat, 415120; Pu- Measurement: TQ with Helium and Oxygen; mass-
shift m/z = 271 PuO2+, reaction gas: oxygen with flow rate: 0.2 ml/min; collision gas: helium with 
flow rate: 7,2 ml/min; Pu-242 tracer for yield determination, rinsing between samples with 0.1% HF 
and 1% HNO3 to avoid cross-contamination, additional correction for U-238 interferences, pu 
calibration range: Pu-239 0.1395 - 6.973 ng/L ; Pu-242 1.366 - 68,287 ng/L; Pu isotopic Standard: 
AN-Pu-242-1-2022 

40 gamma no interferences 
accounted for or 
encountered 

no info 

45 ICP-SF-MS yes - U and Th 
tailing were 
corrected, traces of 
Pu isotopes in the 
Pu-242 tracer and 
Am-241 in the Am-
242 tracer were 
corrected 

no info 

50 AMS no interferences 
accounted for or 
encountered 

no info 

53 ICP-MS/MS  No Gas MS/MS mode used for the measurement of Np 237 and U 238. NH3 MS/MS cell gas mode 
used for the measurement of Pu 239 and Am 241. Bi 209 used as internal standard for all 
measurements. 

60 alpha radiochemical 
separation 

no info 

65 MC-ICP-MS no interferences 
accounted for or 
encountered 

Uranium was measured on a Neptune Plus (Thermo Fisher Scientific) by MC-ICP-MS, which was 
coupled to a desolvator, Cetac Aridus II. Nickel Skimmer X Cones and Nickel Jet Cones were 
used. Uranium was measured in low resolution mode and five faraday cups were used for the 
determination of the uranium isotopes. 

73 MC-ICP-MS  For Am, Np and U measurement, Agilent 8900 ICP-MS instrument, equipped with Optional 
Advanced Valve System (AVS MS), concentric nebulizer and Ni-tipped cones, was used. Perkin 
Elmer, equipped with cyclonic spray chamber, concentric nebulizer and Pt-tipped cones was used 
for the measurement of Pu isotopes. 
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Table 42. Sample introduction methods used among participating laboratories for the solid RM. 

Ref participant System Interferences Details 

10 Gamma 
spec 

no interferences accounted for or encoutered no info 

25 ICP-QMS no interferences accounted for or encoutered no info 

30 ICP-
MS/MS 

no interferences accounted for or encoutered Radiochemical separation prior measurement: Sample dried, ashed 
and tracer Pu-242 & U-232 added in 2 ml HNO3 and 8 ml HF in 
microwave assisted digestion vial, neutralizing of the HF with 
B(OH)3 filtration, adjusting oxidation state with Na2S2O8 , 
precipitation with FeOH3, adjusting oxidation state of Pu and Np 
using TiCl3, radiochemical separtion using TEVA® TRU-Cartridge, 
Pu: eluation with 0.1M HCl - 0.01M TiCl3 - 0.05M HF; U via TRU: 
0.1 M (NH4)2(C2O4), microprecipitation for chemical yield 
determination of U-232 via alpha spectroscopy; No significant 
differences between crystals and powder measurements. 

33 ICP-
MS/MS 

no interferences accounted for or encoutered no info 

40 gamma U and Th tailing were corrected, traces of Pu 
istopes in the Pu-242 tracer and Am-241 in 
the Am-242 tracer were corrected 

no info 

45 ICP-
SFMS 

 

Apex 
(ESI) for 
isotope 
ratios of 
uranium 

no interferences accounted for or encoutered no info 

50 AMS none "NoGas SQ mode used to measure all elements. 

53 ICP-
MS/MS 

radiochemical separation no info 

60 alpha no info "Samples were digested, using Milestone digestion system 
UltraClave, in the mix of nitric and hydrofluoric acids.  

65 ICP-
MS/MS 

For Am, Np and U measurement, Agilent 
8900 ICP-MS instrument, equipped with 
Optional Advanced Valve System (AVS MS), 
concentric nebulizer and Ni-tipped cones, 
was used. Perkin Elmer, equipped with 
cyclonic spray chamber, concentric nebulizer 
and Pt-tipped cones was used for the 
measurement of Pu isotopes.  

 

73 MC-ICP-
MS 

no interferences accounted for or encoutered Uranium was measured on a Neptune Plus (Thermo Fisher 
Scientific) by MC-ICP-MS, which was coupled to a desolvator, 
Cetac Aridus II. Nickel Skimmer X Cones and Nickel Jet Cones 
were used. Uranium was measured in low resolution mode and five 
faraday cups were used for the determination of the uranium 
isotopes. 
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