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Routine measurement of high-precision potassium
stable isotope compositions using a continuous-
flow Neoma MC-ICP-MS/MS†

Emmanuelle Albalat, Philippe Télouk and Vincent Balter *1

Natural processes, from cosmochemistry to human homeostasis, can be traced by means of the mass-

dependent fractionation of K isotopes because the 39K/41K ratio is characterized by a wide range of

variations (ca. 3&). The measurement of the 39K/41K ratio is traditionally achieved by multi-collector

inductively coupled plasma mass spectrometers (MC-ICPMS), but is significantly impeded by large

isobaric argide interferences on K isotopes. A new generation of MC-ICPMS equipped with a collision/

reaction cell allows the quantitative elimination of argide interferences using H2 as a reaction gas. We

report on a set of high-precision K isotopic data obtained with the recently released ThermoScientific

Neoma MC-ICPMS/MS equipped with a prefiltering system consisting of a double-Wien filter and

a collision/reaction cell. In the low-resolution mode, the mass resolving power is ca. 2200, resulting in

a K sensitivity of ca. 1000 V ppm−1 for 39K in dry mode with an Apex Omega desolvator. This large mass

revolving power allows the observation of yet undetected interferences on the high-mass shoulders of
39K and 41K. The interference is ca. 25 mV on 39K and 1 mV on 41K in the low-resolution mode, similar in

K and blank HNO3 (0.05 M) solutions, increases when N2 is added in the desolvator and decreases when

He is added as a collision gas. The presence of these interferences, which contribute modestly < 0.02%

of the K signal, is probably the result of the formation of complex organic compounds in the collision/

reaction cell. However, blank subtraction is a critical step to achieve steady and accurate analysis of the
39K/41K ratio. The overall stability of the analysis of the 39K/41K ratio is greatly improved by using

a continuous-flow microFAST Isotope autosampler. A survey on the potential effects of sample-standard

mismatches reveals significant offsets for matrix elements (Ca, Mg and Na), no offset for acid molarity.

Regarding the effect of sample-standard concentration mismatch, we show that the amplitude of the

offset is session-dependent, such that no general correction could be applied. We use the autosampler

adjustable injection flow rate to correct for a concentration mismatch up to ± 30% to recover expected

K isotope composition within the ± 0.05& uncertainty. In these conditions, short-term external

precision and long-term reproducibility are 0.07& (2SD, n = 500) and 0.08& (2SD, n = 66), respectively.

For validation of the overall method, we finally purified K using a single step chemical separation by ion

exchange chromatography, and measured the K isotope composition of geological and biological

reference materials, for which we found values similar to the literature. Our study shows that the Neoma

MC-ICPMS/MS with continuous flow injection is a robust instrumentation that will contribute to

expediting high-precision K isotopic measurements for various applications.

1 Introduction

The last few years have witnessed an increasing number of
studies reporting K isotope compositions (hereaer noted as
d41K) for different applications, from cosmochemistry,1–3

mantle/crust geochemistry,4–6 hydrogeology,7–9 environmental
geochemistry,10–12 vegetal and animal biogeochemistry13–15 to

isotope metallomics.16–18 However, the challenge in the
measurement of the 41K/39K ratio by MC-ICPMS is that argides
are produced in the Ar plasma, with signicant isobaric inter-
ferences of 40ArH+ and 38ArH+ on 41K+ and 39K+, respectively.
Various solutions have been developed to reduce these inter-
ferences to achieve an acceptable precision of the d41K value,
which are the use of a cold and dry Ar plasma,19–24 the extra high-
resolution mode (XHR) of the Neptune XT (Thermo Scientic,
Bremen, Germany),25 or the manufacturing of MC-ICPMS
instruments equipped with a collision/reaction cell (CRC).

The goal of a CRC is to mitigate isobaric interferences by
inducing collisions and/or reactions within an axial chamber
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that is lled with gas. Several attempts at integrating a CRC into
a MC-ICPMS instrument — the IsoProbe-P (GV Instruments,
Manchester, UK) with unsatisfactory external precision (ca.
0.2&),26–28 the Proteus (Thermo Scientic, Bremen, Germany)
with too low sensitivity and unusual mass bias behavior,29 and
the Vienna prototype,30 which was not commercialized —

proved unfruitful for the community. However, in 2019, Nu
Instruments (Wrexham, UK) commercialized the Sapphire,
a dual-path CRC-MC-ICPMS allowing an external reproduc-
ibility of about 0.05& for routine measurements of the 41K/39K
ratio at about 150 ppb.31–35 The Sapphire has a very high
sensitivity (ca. 2000 V ppm−1 for 39K), is generally tolerant to
matrix mismatches (with exception for Ca and HNO3) but
necessitates a close sample-standardmatching of concentration
(<2%) to avoid signicant K isotope composition offset, thus
increasing workload. To get around this difficulty, Zheng et al.35

proposed a correction method, based on a general regression
linear t between the K isotope composition offset and the K
intensity relative to the bracketing standard. Li et al.33 investi-
gated the CRC parameters and found that tuning the voltage of
the hexapole RF alternating current can lead to a signicant
reduction of the K isotope composition offset.

In the present work, we use the Neoma (Thermo Scientic,
Bremen, Germany) MC-ICPMS/MS to measure the 41K/39K ratio
and compare the performances with the literature, notably for
matrix sample-standard matching. Here, the concentration
sample-standard matching is solved by using a continuous-ow
microFAST Isotope autosampler allowing adjustable injection
ow rate.

2 Reagents, material and sample
description

All experiments were carried out in laminar ow hoods in
a clean laboratory. Double-distilled acids (HNO3, HCl, and HF),
Suprapur 30% H2O2 (Fisher Chemical, Hampton, NH, USA) and
Ultrapure water (resistivity > 18.2 MU cm) were used to reduce
blank contaminations. Teon beakers (Savillex™, Eden Prairie,
MN, USA) were used along the procedure and Teon columns
(custom-made using retractable Teon) lled with 210 mL of
AG50W-X12 resin, hydrogen form 200–400 mesh size (Bio-Rad,
Temse, Belgium) were used for K purication. We used the GA
and GB (CRPG, Nancy, France) granites and BCR-1 (USGS)
basalts for geological reference materials, the IAPSO (OSIL)
certied reference seawater standard, and the bovine liver SRM-
1577c (NIST), whole milk BCR-380R (NRC), tuna sh ERM-
CE464 (IRMM), sh protein DORM-4 (NRC), lobster hepato-
pancreas TORT-3 (NRC), for biological reference materials. A K
solution at 1 g L−1 (Alfa Aesar, Ward Hill, MA, USA) diluted
down to 200 ng mL−1, was used as a secondary standard.

3 Method
3.1 Sample digestion and K purication

The protocols for sample digestion and K purication are fully
described in Télouk et al.36 and are briey described here.

Geological reference materials were digested with a mixture of
concentrated HF and HNO3 on a hot plate while biological
reference materials were digested with a mixture of concen-
trated HNO3 and H2O2 in microwave bombs. The K purication
is achieved using ion-exchange chromatography using a single
step procedure based on Mg purication.37 This procedure was
eventually repeated to check for the robustness of the overall
protocol.

3.2 K isotope ratio measurements

All the measurements in this study were conducted on a Neoma
MC-ICPMS/MS at the LGL (Laboratoire de Géologie de Lyon,
Ecole Normale Supérieure de Lyon, France) with a dry plasma
using an Apex Omega (Elemental Scientic Inc, Omaha, USA)
desolvator. Samples, standards, and blank solutions were
introduced according to a continuous ow with a microFAST
Isotope (Elemental Scientic Inc, Omaha, USA) autosampler
consisting of a dual-loop syringe that loads and injects solu-
tions with rapid switching and minimal dead volume (Fig. 1).
Instrument parameters are given in Table 1. The MS/MS
equipment consists of a double-Wien lter and a CRC which
have been extensively described in various studies.38–40

The sample-standard bracketing approach with a solution of
SRM-3141a (NIST) at 200 ng mL−1 (hereaer noted K 200 ppb)
as the external standard is used for correcting instrumental
mass discrimination. Analyses are carried out using HNO3

0.05 M with blank correction before measurement. The K
isotopic composition is expressed as a delta value (d41K, per mil,
&) relative to SRM-3141a according to:

d41K ¼
"
ð41K=39KÞsample

ð41K=39KÞstandard
� 1

#
� 1000

4 Results and discussion
4.1 Measurement conditions

In the above-mentioned conditions, the K 200 ppb solution
yields a typical signal of ca. 200 V for 39K, and a blank HNO3

(0.05 M) solution a typical signal of 600 mV for 39K. The trans-
mission of the Neoma MS/MS is thus equivalent to that of the
Sapphire CRC-MC-ICPMS, which generally ranges between 0.75
and 2 V ppb−1.31,32,34,35 The blank level is, however, lower than
that reported with the Sapphire CRC-MC-ICPMS that is typically
2 V for 39K in HNO3 0.05 M,32,34,35 with the exception of the study
of Chen et al.,31 which reports a blank level of 350 mV. A
representative peak shape of a SRM-3141a solution at 200 ppb is
given in Fig. 2A, showing that the mass resolving power (m/Dm)
is ca. 2200 in the low resolution mode (LR), well higher than
that achieved with a Sapphire CRC-MC-ICPMS (e.g., ca. 300 in
the LR mode35). The mass resolving power is about 7000 in the
medium resolution (MR, Fig. S1†). The LR mass resolution is
high enough to reveal unsuspected interferences of the high
mass shoulders of the 39K and 41K peaks (Fig. 2B). For 39K, the
interference is partly resolved in the LR mode (Fig. 2B), but is
clearly observed in the MR mode (Fig. 2C) with a signal of ca.
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7 mV. This corresponds to a ca. 25 mV interfering signal in the
LR mode, thus a signicant ∼5% contribution of the blank
signal. For 41K, the interference is resolved in the LR mode
(<1 mV, Fig. 2B) and becomes too small in the MR mode to be
observed (Fig. 2C). A peak shape in the LR mode reveals that
residual 38ArH+ and 40ArH+ cannot be at the origin of the

interference on 39K+ and 41K+, as no 38Ar is detected (Fig. S2†).
We then investigate different congurations to uncover the
origin of these interferences and show the results as peak
shapes in the MR mode to be more conveniently visualized.
First, the interference is equally intense on 39K in blank HNO3

0.05 M and K 200 ppb (Fig. 3A), suggesting that it does not

Fig. 1 Flow paths of the microFAST Isotope autosampler dual loop injection, composed of two loops (A and B), two syringes (1 and 2) and two 4-
way valves (P4F and P4). The syringe 1 loads solutions while syringe 2 injects solutions at desired flow rate. During step 1, the sample solution
(green) loaded in loop A is injected in the nebulizer, while the loop B is rinsed with the working solution (blue). During step 2, the sample solution
(green) loaded in loop A is still injected in the nebulizer, but the loop B is now loading the new sample solution (red). During step 3, the two 4-way
valves switch, such that the new sample (red) loaded in loop B is now injected, while the loop A is rinsed with the working solution (blue). During
step 4, the sample solution (red) loaded in loop A is still injected in the nebulizer, but the loop B is now loading the new sample solution (cyan).
Adapted from ESI©.

Table 1 Instrument settings for K isotope analysis

Neoma MC-ICPMS/MS

Plasma
RF power (W) 1200
Plasma condition Dry
Coolant Ar ow (L min−1) 13
Auxiliary Ar ow (L min−1) 0.8–1.1
Nebulizer Ar ow (L min−1) 1
Sampling cone Ni Jet, ø = 1.1 mm
Skimmer cone Ni X-type, ø = 0.8 mm

MS/MS
Magnetic eld 0
Electrostatic eld 0
Slit aperture (%) 100
H2 (L min−1) 5
He (L min−1) 2

Collection
Mass resolution ∼2200 (LR); ∼7000 (MR)
Cup conguration L1: 38Ar (1011U); Ax: 39K (1010U); H1: 40Ca

(1011U); H2: 41K (1011U); H3: 42Ca (1011U); H4: 43Ca (1011U); H5: 44Ca (1011U)
Sensitivity (V ppm−1) ∼1000 (39K)
Blank signal (2% HNO3) ∼600 mV (39K)
Integration time (s) 4.194
Cycles 40

Apex Omega desolvator

Ar ow (L min−1) 6
N2 ow (mL min−1) 0
Sample uptake rate (mL min−1) 100

This journal is © The Royal Society of Chemistry 2024 J. Anal. At. Spectrom., 2024, xx, 1–9 | 3
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originate from the quality of the solutions. The presence of Ca
impurities, obviously more important in K 200 ppb than in
blank HNO3 0.05 M, is observed, but Ca seems to be not affected
by the interferences that affect K isotopes (Fig. S3† in the LR
mode). In the blank solution, 40Ca has an equal signal as 41K,
suggesting that potential signicant 40CaH+ isobaric interfer-
ence may exist on 41K+, thus that blank substraction is an
important step to achieve accurate K isotope measurements.

The relative signal of the interference on 39K is slightly
enhanced in H2O and blank HCl 0.05 M solutions compared to
HNO3 (Fig. 3B), suggesting that HNO3 is the best medium
solution for measuring K isotopes. The introduction of gas
signicantly modies the relative signal of the interference on K
isotopes: N2 in the Apex Omega desolvator increases that on 41K
(Fig. 3C), and the introduction of He in the CRC at a minimal
ow of 1 mL min−1 decreases the interference on both 39K and

Fig. 2 (A) Peak scan in the low-resolutionmode of the SRM-3141a solution at 200 ngmL−1 (K 200 ppb) using the set of parameters given in Table
1 showing the peak shape of them/z-values 39 and 41 (blue and red, respectively) with the automated calculation of the resolution (5 95% ofm/
z-value 39) on the ascending edge of the peak. (B) Details of the interferences in the low-resolutionmode on the highmass shoulder of them/z-
values 39 and 41. (C) Details of the interferences in the medium-resolution mode on the high mass shoulder of the m/z-values 39 and 41.

Fig. 3 (A) Details of the interferences in themedium-resolutionmode on the highmass shoulder of them/z-values 39, 40 and 41 as a function of
K concentration. Details of interferences relative intensities in the medium-resolutionmode on the high mass shoulder of them/z-values 39 and
41: (B) as a function of the nature of the solution; (C) as a function of the presence of N2 in the Apex Omega desolvator; (D) as a function of the
presence of He in the CRC.

4 | J. Anal. At. Spectrom., 2024, xx, 1–9 This journal is © The Royal Society of Chemistry 2024
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41K, while adding an additional 1 mL min−1 seems to increase
the relative signal of the interference on 41K (Fig. 3D). Taken
together, the results suggest that K isotope measurements
should be achieved in a HNO3 medium, with He in the CRC,
without N2 in the desolvator, and with blank subtraction. The
precise origin of the interference on the high mass shoulders of
the 39K and 41K peaks has not been uncovered but is likely due
to the formation of organic compounds, which are known to
have typical mass offsets of ca. 0.05 atomic mass units (amu)
and manifest on the high-mass side of peaks as elevated back-
grounds or, in more severe cases, as humps or shoulders. All the
results in the present study are given aer blank subtraction.

4.2 Sample-standard mismatches

Several analytical conditions due to mismatch between sample
and standard critically affect the precision and accuracy of K
isotope composition measurements using the sample-standard
bracketing method. The inuence of these mismatches is
explored for the Neoma MS/MS and compared to the literature.

4.2.1 Effect of matrix elements. The accurate determina-
tion of isotope compositions in solutions using MC-ICP-MS
requires the extraction of the analyte by ion-exchange chroma-
tography. Nevertheless, the ion-exchange yield can differ
between samples, resulting in insufficient purication of the
analyte, and leading to non-spectral matrix effects due to the

ionization and transmission disturbance of the analyte. In the
present study, we have tested the inuence of adding Ca
(Fig. 4A), Mg (Fig. 4B), or Na (Fig. 4C) to the K 200 ppb solution
with a K-normalized concentration ratio ranging from 2% to 4%
and compared the results with the literature values. We observe
offsets of the d41K value signicantly outside the ± 0.05& range
of variation for the three elements, which, however, remain in
the variability observed in the literature. The results conrm
that Ca is prone to generate important non-spectral matrix
effects on the measurement of K isotope compositions when
using a CRC-based MC-ICPMS (Fig. 4A). Of note is the positive
offset of the d41K value when adding Na in the present study
compared to the generally observed negative offset in the liter-
ature (Fig. 4C). This result requires further investigations using
another Neoma MS/MS instrument.

4.2.2 Effect of HNO3 concentration. In the present study,
the molarity of HNO3 is 0.05 M. We have evaluated the inu-
ence of the mismatch of the acid concentration from 0.025 M
(ca. 0.25%) to 0.5 M (ca. 5%) and compared the results with the
literature values (Fig. 4D). The result show no signicant devi-
ation of the d41K value within a ± 0.05& range of variation. It is
striking to observe that such a stability can be obtained with24,34

or without25,36 a CRC suggesting that other analytical condi-
tions, independent of the acid molarity mismatch, are at the
origin of the observed discrepancies.20,31,32,41 This is all the more

Fig. 4 Effect of sample-standard matrix mismatches on the d41K value of the sample as a function of the analyte K-normalized concentration
ratio (%) for (A) Ca; (B) Na; (C) Mg; (D) HNO3. In all cases, values from the literature are indicated, the gray area represents ± 0.05& from SRM-
3141a, and error bars are ± 2SD.
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surprising given that very different effects are obtained with the
Sapphire CRC-MC-ICPMS.31,32,34

4.2.3 Effect of K concentration. The mismatch in analyte
concentration between the sample and bracketing standard has
been recognized as an important factor that inuences the
accuracy of the d41K value. Recent research using the Sapphire
CRC-MC-ICPMS24,31–35 has indicated that this effect is even more
pronounced when utilizing the low energy path, which includes
the CRC, such that a linear offset of 0.02& is linearly produced
by mismatch percent,34 generating a debilitating increase in the
workload for the operator and a signicant decrease in sample
throughput. Several methods have been proposed to reduce the
concentration mismatch effect. A rst method proposed by
Zheng et al.35 consists of a correction based on a regression
curve between the offset of the true and measured d41K values
and the concentration mismatch. A second method, proposed
by Li et al.33 focuses on the optimization of the CRC parameters,
allowing for up to 30% improvement in the concentration
mismatch. Here, we performed sample-standard concentration
mismatch experiments by modifying K concentration of a K
200 ppb solution from 70% to 130%, and monitored the
resulting d41K values over ve different sessions during which
tune parameters were le unchanged (concentration mismatch
is calculated by the difference of the 39K signals between the
sample and the bracketing standards). Results are given in
Fig. 5A. A rst observation is that the slopes of the regression
lines between the matching and the d41K values are positive,
contrary to most of the studies performed with the Sapphire
CRC-MC-ICPMS,24,31,32,34,35 except one.33 This suggests that the
effect of concentration mismatch on the K isotope composition
offset is, at rst order, dependent of the instrument. However,
scrutinizing the results reveals that the slopes of the regression
lines are different from one session to another (Fig. 5A). All the
slopes are signicantly different from a general linear regres-
sion model except that of the “session #46”. Therefore, this
suggests that the effect of concentration mismatch on the K
isotope composition offset is, at the second order, dependent of
the tune parameters for a given instrument. For a similar
matching value, the resulting offset of the d41K value can be very

important: for example, between “session #34”, which has the
lowest slope, and “session #49”, which has the steepest slope,
the difference in the offset of the d41K value is ca. 0.4& for
a matching of 80% (Fig. 5A). Overall, this suggests that no
general correction method could be applied to reduce the K
isotope composition offset, even for the same instrument, and
that the value of the regression slope needs to be dened once
the instrument is tuned.

4.2.4 Correction of the sample-standard K concentration
mismatch. To correct for the K isotope composition offset due
to concentration mismatch, we took advantage of the variable
rate (5–1000 mL min−1) of solution injection in the nebulizer of
the microFAST Isotope autosampler. The nominal injection rate
was setup at 100 mL min−1. Increasing the injection rate leads to
a negative offset of the d41K value, and vice versa (Fig. 5B), with
an efficiency absolute value of ca. 2% of mismatch by 2.5
mL min−1 unit. Aer monitoring the 39K signals of the sample
and the bracketing standards, the corrected d41K value was
obtained by simply re-analyzing the sample with the equiva-
lence between injection rate and mismatch percent (Fig. 5B). All
the d41K values of the samples, with up to ± 30% of concen-
tration mismatch, were accordingly corrected using this
method, which will benet in the future of some improvements
with an automated procedure that will record the 39K signal of
a sample and automatically adjust the sample injection rate to
t the 39K signal of the bracketing standards.

4.3 Overall stability of the analyses

Given the set of the above-mentioned settings, the repeatability
(or short-term external precision) was evaluated by repeated
analyses of the SRM-3141a solution (K 200 ppb) over seven
sessions which gives a value of 0.07& (2SD, n = 500, Table 2,
Fig. 6). Repeated analyses of the Alfa Aesar solution at 200 ng
mL−1 over four sessions give an average d41K value of 0.46 ±

0.07& (2SD, n= 41). Two observations are noteworthy here. The
rst observation is the very good stability of the instrument over
a long period of time (up to forty hours, Table 2) without any
tuning. Progressive optimization of the instrument tuning
parameters led to improved transmission while reducing the

Fig. 5 (A) Effect of sample-standard concentration mismatches on the d41K value of the sample for five different sessions. (B) Correction of the
effect of the sample-standard concentration mismatches for session #49. In all cases, the gray area represents ± 0.05& from SRM-3141a.
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signal-to-noise ratio over successive sessions (Table 2). The
second observation is the high throughput achieved using the
continuous-ow microFAST Isotope autosampler: for example,
during a 40 hour single session, about one hundred samples are
measured with as many standards and twice as many blanks,
corresponding to ca. ten analyses per hour. The intermediate
precision, or long-term external reproducibility was evaluated
from the uncertainties measured on the reference materials,
which gives a value of 0.08& (2SD, n = 66).

4.4 K isotope compositions of biological and geological
reference materials

For validation of the overall method, we nally measured the K
isotope composition of geological and biological reference
materials (RM). The reference material measured in the present
study agree well with those of the literature (Table 3). For all the
RM, we processed ion-exchange chromatography K purication
once or twice and found no signicant different resulting d41K
values (Table S1†), suggesting that the overall protocol is robust
enough using a single step chemistry opening perspectives for
online K purication and isotope analyses.

5 Conclusion

We report on a set of high-precision K isotopic data obtained
with the recently released ThermoScientic Neoma MC-ICPMS/
MS. The large mass revolving power allows the observation of
yet undetected interferences on the high-mass shoulders of 39K
and 41K, which are probably the result of the formation of
complex organic compounds in the collision/reaction cell.
Blank subtraction allows to achieve steady and accurate anal-
yses of the K isotope compositions. Using a continuous-ow
microFAST Isotope autosampler, which has congurable
injection ow rates to correct for concentration mismatches,
signicantly improves throughput and the overall stability of
the K isotope composition measurements.

Table 2 K isotope composition (d41K), 39K intensity, signal-to-noise ratio, number of analysis and duration without tuning instrument settings, for
seven sessions illustrated in Fig. 6

Session d41K � 2 SD, & (K 200 ppb)

39K
� 2 SD, V (K 200 ppb) 39K � 2 SD, V (blank)

Signal to noise
ratio, %

K 200 ppb,
n blank, n

#32 0.011 � 0.061 159 � 13 1.11 � 0.03 0.69 32 49
#33 −0.011 � 0.074 179 � 50 1.26 � 0.10 0.71 52 103
#34 0.010 � 0.079 175 � 15 1.22 � 0.07 0.70 103 208
#37 0.014 � 0.067 207 � 42 1.45 � 0.33 0.70 102 244
#44 0.008 � 0.084 192 � 9 0.61 � 0.03 0.32 53 80
#46 −0.018 � 0.078 212 � 9 0.64 � 0.09 0.30 72 182
#49 0.001 � 0.074 213 � 10 0.46 � 0.12 0.22 86 273

Fig. 6 Stability of the d41K value of the SRM-3141a solution at 200 ng
mL−1 (K 200 ppb) sample over seven different sessions. The gray area
represents ± 0.05& from SRM-3141a.

Table 3 K isotope composition (d41K) of the CRM measured in the present study. n* and n refer to the number of replicates and the number of
analyses, respectively. Data from the literature are indicated

This study Literature

RM Nature d41K � 2 SD, & n* n d41K � 2 SD, & Reference

BCR-1 Basalt −0.37 � 0.12 2 5 −0.43 � 0.06 19, 21, 23, 25, 31 and 36
GA Granite −0.46 � 0.07 2 9 −0.46 � 0.08 23, 34 and 36
SRM-1577c Bovine liver 0.16 � 0.04 2 7 0.15 � 0.00 14 and 36
DORM-4 Fish protein −0.24 � 0.07 2 6 −0.24 36
BCR-383 Green beans −0.82 � 0.11 3 10 −0.83 � 0.03 14 and 36
IAPSO Seawater 0.09 � 0.18 2 7 0.09 � 0.11 14, 32 and 36
ERM-CE464 Tuna fsh 0.36 � 0.03 2 10 0.33 � 0.09 14, and 36 and 42
TORT-3 Lobster hepatopancreas −0.26 � 0.02 2 6 −0.30 � 0.03 25 and 36
BCR-380 Whole milk 0.05 � 0.10 2 6 0.07 � 0.00 14 and 36

This journal is © The Royal Society of Chemistry 2024 J. Anal. At. Spectrom., 2024, xx, 1–9 | 7

Paper JAAS

1

5

10

15

20

25

30

35

40

45

50

55

1

5

10

15

20

25

30

35

40

45

50

55



Data availability

The data supporting this article have been included in the main
text or as part of the ESI.†

Conflicts of interest

The authors do not have any conicts of interest to declare.

Acknowledgements

The authors thank two anonymous reviewers for their
comments and L. Delette for helping in the isotopic measure-
ments, the staff at Elemental Scientic Inc for providing
a microFAST autosampler and technical support as part of the
formal collaboration with ENS-Lyon. This project has received
nancial support from the CNRS through the MITI interdisci-
plinary3 programs.

References

1 Y. Hu, F. Moynier, W. Dai, M. Paquet, T. Yokoyama, Y. Abe,
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