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1 | INTRODUCTION

Emmanuelle Albalat?
Vincent Balter!

| Anthony Dosseto? |

Rationale: Despite a wide range of potential applications, magnesium (Mg) isotope
composition has been so far sparsely measured in reference materials with a
biological matrix, which is important for the quality control of the results. We
describe a method enabling the chemical separation of Mg in geological and
biological materials and the determination of its stable isotope composition.
Methods: Different geological (BHVO-1, BHVO-2, BCR-1, and IAPSO) and biological
(SRM-1577c, BCR-383, BCR380R, ERM-CE464, DORM-2, DORM-4, TORT-3, and
FBS) reference materials were used to test the performance of a new sample
preparation procedure for Mg isotopic analysis. The procedure consisted of a simple
three-stage elution method to separate Mg from the matrix. Mg isotopic analyses
were performed in two different laboratories and with three different multi-collector
inductively coupled plasma mass spectrometry instruments.

Results: The biological reference materials show a wide range of §2°Mg values
(relative to DSM3 standard), spanning over 2%o, from 0.52 + 0.29%o (2SD, n = 7) in
bovine liver (SRM-1577c) to —1.45 + 0.20%o (2SD, n = 5) in tuna fish (ERM-CE464),
with an external precision of 0.03%o (2SD, n = 85).

Conclusions: This study indicates that isotopic measurements of Mg in biological
reference materials show good performance, with the results being within the
accepted range. We confirmed that §2°Mg values in liver are the most positive of all

biological materials reported so far.

isotope systematics in animals focused on the potential of using the

enamel Mg isotope composition to reconstruct past trophic chains.”®

Magnesium (Mg) has three stable isotopes, 2*Mg, 2°Mg, and ?*Mg,
with relative abundances of 78.99%, 10.00%, and 11.01%. Interest in
the Mg isotopic systematics for biological systems arose from the
discovery that the Mg isotope composition of chlorophyll-a extracted
from experimentally grown cyanobacteria is depleted in heavy
isotopes relative to the culture media by about 1%o. Further studies
experimentally scrutinized the mechanisms responsible for the
chlorophyll-related Mg isotope fractionation in both unicellular

organismsz'3 and higher plants.*™® The first investigation of the Mg

A basic scheme of the Mg isotope fractionation in the body was then
proposed to explain the observed increase in the §2°Mg value up the
trophic chain.? Recently, it has been discovered that the serum §2°Mg
value in patients with type 1 diabetes is significantly lower than in
healthy controls, suggesting that Mg isotope changes might be a
biomarker of metabolic deregulations.” However, Mg isotopic
compositions have rarely been reported for biological reference
materials,’ % thus limiting quality control assessment for biological

samples.
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The aim of this work was to measure the Mg isotope composition
by multi-collector inductively coupled plasma-mass spectrometry (MC-
ICP-MS) in a series of certified reference materials with a large
diversity of organic matrices, that is, SRM-1577c (bovine liver),
BCR-383 (green beans), BCR-380R (whole milk), ERM-CE464 (tuna
fish)), DORM-2 and DORM-4 (fish protein), TORT-3 (lobster
hepatopancreas), and fetal bovine serum (FBS). To measure these
samples, we developed a new three-stage elution method to separate
Mg from the other elements. The efficiency of the elution method was
monitored by measuring the §2°Mg value of the well-described
BHVO-1, BHVO-2, and BCR-1 basalts and IAPSO seawater
international reference materials. Finally, to assess the robustness of
the overall method, the Mg isotope compositions were measured in
two different laboratories with three different MC-ICPMS instruments.

2 | MATERIALS AND METHODS

21 | Materials and reagents

The reference material digestion and Mg extraction steps were all
carried out in a clean laboratory in laminar flow hoods. Acids (HNO3
and HCI) were double-distilled to reduce blank contaminations.
Suprapur 30% H,O, (Fisher Chemical, Hampton, NH, USA) was used.
Ultrapure water (resistivity > 18.2 MQ.cm) was obtained from a
Milli-Q Element water purification system (Merck Millipore, Bedford,
MA, USA). Polypropylene chromatographic columns (Bio-Rad, Temse,
Belgium) filled with 2 mL of Bio-Rad AG1-X8 resin, chloride form
100-200 mesh size, were used for the first stage of chromatography.
Quartz chromatographic columns (custom-made) filled with 2 mL of
Bio-Rad AG50W-X12 resin, hydrogen form 200-400 mesh size, were
used for the second stage of chromatography. Finally, Teflon©
columns (custom-made using retractable Teflon) filled with 210 pL of
Bio-Rad AG50W-X12 resin, hydrogen form 200-400 mesh size, were
used for the third stage of chromatography. We used BHVO-1 (USGS,
Reston, VA, USA), BHVO-2 (USGS), and BCR-1 (USGS) basalts for
geological reference materials, the IAPSO (OSIL) certified reference
seawater standard, and SRM-1577c (bovine liver), BCR-383 (green
beans), BCR-380R (whole milk), ERM-CE464 (tuna fish), DORM-2 and
DORM-4 (fish protein), TORT-3 (lobster hepatopancreas), and FBS as
biological reference materials. The characteristics of all the reference
materials are summarized in Table S1 (supporting information).

2.2 | Sample digestion

Materials of biological origin require aggressive treatment to eliminate
the organic matter before chromatographic purification. Reference
materials with an organic matrix were pre-digested using 10 mL of
15 M distilled HNO3; at room temperature in clean Teflon beakers
(Savillex™, Eden Prairie, MN, USA). Then 3 mL of Suprapur 30% H,0,
was added, and the resulting mixture was heated at 150°C for more

than 12 h, regularly degassed, and finally evaporated to dryness.

Organic samples were also digested in clean PTFE microwave bombs
using 4 mL of 15 M distilled HNO3 and 1 mL of Suprapur 30% H,O,.
The bombs were then sealed and placed in a Milestone Ethos
microwave (Milestone, Sorisole, Italy) set to ramp up to 180°C in
20 min and remain at 180°C for 40 min. The solutions were then
evaporated to dryness on a hot plate at 90°C in Teflon© beakers.

Rock reference materials (BHVO-1, BHVO-2, and BCR-1 from
USGS) were digested with a mixture of 5 mL of 27 M distilled HF and
2.5 mL of 15 M distilled HNO3 at 120°C for 12 h and evaporated to
dryness. Fluorides were further dissolved using 2 mL of 6 M HCI,
heated on a hotplate at 100°C for 12 h, and then evaporated to
dryness.

2.3 | Purification of Mg using ion exchange
chromatography

To avoid any isotopic bias, it is crucial to ensure that the sample
preparation method can selectively isolate Mg from the other
elements present in the samples. A protocol using ion exchange
chromatography in three stages with three different columns was
(Table 1). The first column is a polypropylene
chromatographic column filled with 2 mL of AG1-X8 resin, chloride
form 100-200 mesh size. The resin was cleaned with 6 M HCI and
0.5 M HNO3 and then conditioned with 6 M HCI. This first stage

removed Fe, which is not an interfering element but must be

optimized

TABLE 1 lon exchange protocols for the chromatographic
separation of Mg

Step Eluent Vol. (mL)

1. Fe elimination

AG1-X8 (100-200 mesh)-2 mL (Bio-Rad Poly-Prep® chromatography
columns 2 mL £0.8 mm)

Condition 6 N HCI 10
Load 6 N HCI 0.5
Elution (Mg) 6 N HCI 05+85
Washout (Fe, Zn) 0.5 N HNO3 10

2. Matrix elimination

AG50W-X12 (200-400 mesh)-2 mL £0.76 mm

Condition 1N HCI 10
Load 1N HCI 0.5
Elution (matrix) 1 N HCI 05+17
Elution (Mg) 1N HCI 18-42.5
Washout (Ca, Sr) 6 N HCI 10

3. Matrix elimination

AG50W-X12 (200-400 mesh)-210 ulL £0.42 mm

Condition 0.4 N HCI 25
Load 0.4 N HCI 0.3
Elution (matrix) 0.4 N HCI 0.7 +12
Elution (Mg) 1 N HCI 3.5
Cleaning 6 N HCI 2.5
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eliminated to avoid any matrix effects. This was achieved by eluting
most of the elements (Ca, Mg, P, S, K, Mn, and Na), using 10 mL of
6 M HCI, except for Cu, Fe, and Zn which were eluted with 10 mL of
0.5 M HNOas. The second column is a quartz chromatographic column
filled with 2 mL of AG50W-X12 resin, hydrogen form 200-400 mesh
size. The resin was cleaned with 6 M HCI and then conditioned with
1 M HCI. The aim of the second stage was to remove the matrix (S, P,
Na, and Ca), and this was performed by collecting the 18-42 mL
(i.e., 24 mL) fraction of 1 M HCI passed through a custom-made
quartz column filled with 2 mL AG50W-X12 resin. The third column is
a Teflon© column filled with 210 pL of AG50W-X12 resin, hydrogen
form 200-400 mesh size. The resin was cleaned with 6 M HCI and
then conditioned with 0.4 M HCI. The aim of the third stage was to
dispose of the remaining elements, essentially K. The procedure used
was similar to that in the second stage, but the elution volume was
reduced by eluting Mg (and Mn) with 3.5 mL of 1 M HCI after passing
13 mL of 0.4 M HCI through the custom-made Teflon column. This
last stage was carried out twice (optional fourth step) for samples
with a high Mg/K ratio. Finally, the Mg fraction was redissolved using
3 mL of concentrated HNO3; to remove any remaining organics and

then evaporated to dryness.

24 | Isotopic analysis

The use of MC-ICP-MS requires an efficient separation of Mg from
samples because of potential isobaric interferences'* and matrix
effects, that is, polyatomic species (C,*, C,H,*, C,HY, CN*, and NaH™)
and doubly charged ions (*3Ca?*, 48Ti?* 30Ti2* 0y2* 50Cr?* and >2Cr?
*). The present study describes a method that both reduces and
corrects for these potential polyatomic and divalent interferences on
the 2*Mg, 2°Mg, and 2°Mg isotopes. The Mg isotopic composition of
the samples was measured at the Laboratoire de Géologie de Lyon
(LGL, Ecole Normale Supérieure de Lyon, France) using either a
Thermo Scientific™ Neptune Plus™ MC-ICP-MS instrument (Thermo
Fisher Scientific, Bremen, Germany) or a Nu Plasma 1700 MC-ICP-MS
instrument (Nu Instruments Ltd™, Wrexham, UK). The Mg isotopic
composition was also measured at the Wollongong Isotope
Geochronology Laboratory (WIGL, University of Wollongong, Australia)
using a Neptune Plus™ MC-ICP-MS instrument. Standard and sample
Mg solutions were prepared at 0.5 mg/L in 0.05 M HNO; yielding
typical signal intensities of 30V, 4 V, and 5 V for ?*Mg, 2°Mg, and
2‘i‘Mg, respectively, on both Neptune Plus instruments, and 12V, 1.5V,
and 2 V for 2*Mg, 2°Mg, and 2°Mg, respectively, on the Nu Plasma
1700. Solutions were introduced into the plasma using a 100 pL/min
glass concentric nebulizer mounted onto a double spray chamber with
cyclonic and Scott-type sub-units on the Neptune Plus and a cyclonic
spray chamber on the Nu Plasma 1700. Mg isotope ratio
measurements were performed at low mass resolution on the middle
of the peak, using three Faradays collectors (L3, C, and H3) connected
to 10*1Q resistors on both Neptune Plus MC-ICP-MS instruments, and
at low mass resolution on the middle of the peak, using three Faradays
collector (L5, Ax, and Hé) connected to 10!Q resistors on the Nu
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plasma 1700. The instrument’s settings are summarized in Table 2. Acid
and total procedure blanks were measured at the beginning of each
analytical sequence to evaluate their contribution to the total Mg signal
intensity. The acid blank contribution was found to be systematically
negligible, regardless of the analytical conditions. The total procedure
blank ?*Mg signal was typically measured at 4.2 x 1072 V on the
Neptune Plus, thus representing a 0.01% contribution to an overall Mg
signal at 0.5 mg/L. Two Mg isotope reference solutions, UKAS (in-house
standard) and Cambridge-1,"> were measured regularly as external
standards to check the accuracy and the reproducibility of the
measurements. The reference material DSM3 (provided by Dead Sea
Magnesium Ltd, Beer Sheva, Israel) was used during isotopic analysis for
a standard-sample bracketing approach. External correction in a sample-
standard bracketing approach was applied for instrumental mass bias
correction. The 2°Mg/2*Mg ratio is expressed in delta notation relative

to the DSM3 reference material and calculated as follows:

626Mg - (26Mg/24 Mg)Sample _1

(26Mg/24Mg)pspma

Some troublesome elements of the biological matrix may remain in
the final solution after the ion exchange chromatography and
potentially affect the accuracy and precision of Mg isotope analysis. In
this study, we examined the effect of Na, Li, Fe, Ca, Mn, and K by
doping the UKAS solution with varying amounts of these metals to

evaluate the potential offset on the §2°Mg value.

3 | RESULTS
3.1 | Sample preparation for Mg isotopic
measurements

We first evaluated the quality of the dissolution method by comparing
the results of element concentration (Ca, Cu, Fe, K, Mg, Mn, P, S, and
Zn) in all the reference materials (SRM-1577¢c, BCR-383, BCR-380R,
ERM-CE464, DORM-2, DORM-4, TORT-3, and FBS), with those

.16 Our data strongly correlate with certified

published in Sauzéat et a
values (R = 0.99; P-value <2.2 x 107 n = 37) according to a linear
regression with a slope of 0.96 (+0.01) and an offset at origin of -163
(£742), showing that the dissolution step was efficient at solubilizing
all the elements. We also calculated the yields of Mg for the whole
elution method and found quantitative yields (from 80% to 106%) for
all the reference materials (SRM-1577c, BCR-383, BCR-380R, ERM-
CE464, DORM-2, DORM-4, and TORT-3), except for FBS (where the
Mg yield was 77%). All the concentration results and yield values are
reported in Table S2 (supporting information).

Elution profiles are presented in Figure 1 for the bovine liver
reference material SRM-1577c. Iron was efficiently removed in the
first steps along with Cu and Zn by collecting the first 9.5 mL of 6 N
HCI. The resin was cleaned from Fe, Cu, and Zn with 10 mL of 0.5 N
HNO; (Figure 1A). The second and third elutions on cationic resin

were aimed at discarding specific metals (Na, K, P, S, and Ca) from the
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TABLE 2
(MC-ICP-MS) analysis

Lab
MC-ICP-MS instrument

RF power

Cooling gas flow rate
Auxiliary gas flow rate
Sample gas flow rate
Sampler cone

Skimmer cone

Nebulizer
Sample uptake rate

Spray chamber

LE GOFF kT AL.

LGL

Thermo Scientific® Neptune® Plus
1200 W

16 L/min Ar

~ 0.80 L/min Ar

~ 1.10 L/min Ar

Standard-cone (Ni)

X-cone (Ni)

Glass nebulizer micromist
100 pL/min

Double spray chamber with cyclonic
and Scott-type sub-units

Data acquisition parameters

Detection system
Cup configuration
Resolution mode

Signal analysis protocol

Wash-out time

Faraday cups
24 Mg (L3), 25 Mg (C), 26 Mg (H3)
Low

4.194 s integration per cycle,
40 cycles

1805 (0.5 M HNO3) + 180 s
(0.05 M HNO3)

NuPlasma 1700 HR-MC-ICPMS
1350 W

~ 14 L/min Ar

~ 1.23 L/minAr

~ 42.7 psi Ar

Wet plasma 1.15 mm orifice, 319-645

Wet plasma 0.6 mm orifice, WA,
319-497

Glass nebulizer micromist
100 pL/min

Cyclonic spray chamber

Faraday cups
24 Mg (L5), 25 Mg (Ax), 26 Mg (H6)
Low

10.0 s integration per cycle, 40 cycles

180 s (0.5 M HNO3) + 180 s (0.05 M
HNO3)

Instrument settings and data acquisition parameters for multi-collector inductively coupled plasma-mass spectrometry

WIGL
Thermo Scientific® Neptune® Plus

1200 W

16 L/min Ar

~ 0.80 L/min Ar

~ 1.12 L/min Ar
Standard-cone (Ni)
X-cone (Ni)

PFA nebulizer
100 pL/min

Double spray chamber with cyclonic
and Scott-type sub-units

Faraday cups
24 Mg (L3), 25 Mg (C), 26 Mg (H3)
Low

4.194 s integration per cycle,
40 cycles

1805 (0.5 M HNO3) + 180 s
(0.05 M HNO3)

biological sample matrices, but others like K and Mg cannot be
separated in 1 N HCI (Figure 1B). This also holds for Mn, which is a
minor element in biological samples. A third stage was thus necessary
to isolate Mg from K, which was achieved on the third column by
passing 13 mL of 0.4 N HCI (Figure 1C). Finally, Mg was eluted with
3.5 mL of 1 N HCI although it cannot totally be separated from
Mn. The third elution stage is repeated for samples with an initial high
K/Mg ratio (>1072). The elution method was also tested on pure Mg
reference standard solutions, that is, the Cambridge-1, DSM3, and an
in-house standard (UKAS), which gave Mg isotope compositions that
were undistinguishable from measurements of raw solutions.

Blanks of the whole procedure did not exceed 11 ng of Mg
(n= 6). This is about 2500 times smaller than the Mg amount
extracted from the samples analyzed in this study (about 30 ug of Mg)
and therefore could not affect the accuracy of the measured Mg
isotopic composition.

3.2 | Mass-dependent fractionation of Mg
composition

All the measured isotopic compositions of biological samples and
standards are summarized in Table S3 (supporting information). The
quality of the isotopic results was assessed by the calculation of the
exponent f relating the mass-dependent fractionation factors for two
isotope ratios, which is different for kinetically and thermodynamically

controlled fractionation.” A plot of §2°Mg vs §2°Mg (Figure 2) yields

the mass fractionation relationship in three-isotope spaces, allowing
us to calculate the p value, which corresponds to the slope of the
best-fit linear regression. We obtained a p value of 0.517, which is in
good agreement with the value of the terrestrial line,®> and between
the theoretical kinetically controlled (0.511) and thermodynamically
controlled (0.521) p values.'”

3.3 | Analytical precision of Mg isotopic
measurements

The quality of the isotopic results can also be assessed by evaluating
the long-term reproducibility of the results for external standards,
namely UKAS and Cambridge-1 (Figure 3). Over more than 1 year of
measurements, the average §2°Mg value of Cambridge-1 was found
to be —2.60 + 0.03%o (n = 85, 2SD), in agreement with a reference
value of —2.58 + 0.14%. (n = 35, 25D).*> Over this timespan, the in-
house UKAS standard solution provided an average §2Mg value of
—0.60 * 0.03%o (n = 46, 2SD, Figure 3).

3.4 | Influence of matrix effects on Mg isotopic
measurements

The effect of matrix impurities on the §2°Mg value was simulated by
doping the UKAS solution with known amount of K, Na, Ca, and
Fe. The elements considered are those potentially abundant in
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FIGURE 1
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Elution profiles of selected elements on A, AG1-X8, B, AG50W-X12, and C, AG50W-X12 for SRM-1577c (bovine liver). Each

curve represents the mass percentage of the eluted element as a function of the volume of eluting solution

biological matrices, plus Mn and Li, which are minor elements but are
hardly separated from Mg in cationic resins in the case of Mn
(Figure 1'8). The results are illustrated in Figure 4 and show that the
accuracy of the §2°Mg value is not affected either by the presence of
K even with a K/Mg ratio up to 5 (Figure 4A)—the K/Mg ratio in
biological samples is about 14—or by the presence of Fe and Mn—
even with a high Mg-normalized ratio of 2 (Figure 4B and C). Note
that the Fe/Mg and Mn/Mg ratios are usually lower than 107! and
1072, respectively, in biological samples. However, an important
scattering of the §2°Mg value was observed when Na or Ca was
added to the UKAS solution, even with a low Mg-normalized ratio of
0.02 (Figure 4D and E). Attention must be paid to these elements as
the Na/Mg and Ca/Mg ratios can be >10 in some biological matrices
(Table $3, supporting information). The highest reaction of the §2Mg
value to the doping of the UKAS solution was obtained with Li, which
shifted the 52°Mg value by about +0.1%o. with a Li/Mg ratio of 0.05
and to —0.3%o. with a Li/Mg ratio of 0.5 (Figure 4F). We did not

monitor Li during the elution profiles; however, Li is in very low
concentration in biological samples (5-1000 ppb) and is therefore not

expected to interfere with Mg isotope analysis.

3.5 | Mgisotope composition in geological and
biological reference materials

Until very recently,”*"1® Mg isotope compositions were not

measured in certified reference materials of biological origin.
In view of the development of isotopic analysis in biological
materials, it was thus necessary to also validate our new
analytical method for determining isotopic ratios of Mg after
chromatographic extraction of geological reference materials
with known §2Mg values. To this end, we measured the §2°Mg
value of the BHVO-1, BHVO-2, and BCR-1 basalt standards and

the IAPSO seawater standard (Table S3, supporting information).
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FIGURE 2 Mass fractionation
0.00 in three-isotope space (52>/2*Mg
ﬁ versus §2¢/?*Mg) for the
Regression ‘Y=A*X+B P reference materials analyzed in
’ this study. Error bars represent
A= 0.517 £0.004 (2SE) two standard deviations of
-025{ B = 0.003 +0.004 (2SE) the mean
R2 = 0.999,n =58 TT , , BHVO-1
Nne il
_ "1‘1 BHVO-2
& A © BCR-1
o)
< -0.50 * IAPSO
“N; * BCR-380R
- BCR-383
T3 ‘
. —ﬁ- A - ® DORM-2
-0.75 T _
7@ ® DORM-4
._.{(_, TORT3
® ERM-CE464
FBS
-1.00 ® SRM-1577¢
-2.00 -1.50 -1.00 -0.50 0.00
526Mg (%)
FIGURE 3 Long-term reproducibility
of 52°Mg measurement for Mg solutions
-0.60- Fe 00 T ¥ ¢ "00900° Cambridge-1 and UKAS, in-house
UKAS standard. The long-term external precision
P -0.60 +0.03 (ZSD, n= 46) was better than £0.03%o (+2SD)

—2.60 -

525Mg (%)
\
\

J'O..ﬂ‘%wmw" - 'b .'Q'..‘b.o Pt

Cambrldge—
-2.60 + 0.03 (2SD, n = 85)
20 40 60 80
Run number
We obtained an average 2°Mg value of —0.20+ 0.07%. (2SD, 4 | DISCUSSION

n= 6), -0.19 £ 0.05%. (2SD, n = 2), —0.19 £ 0.03%o (2SD, n = 2),
and -0.78 + 0.07%o (2SD, n =12) for BHVO-1, BHVO-2, BCR-1,
and 1APSO,
good agreement with published data

respectively (Figure 5). These values are in very
(Figure 5) and suggest
is efficient for
or biological. We then
-1.45+ 0.20%o

eight

that our chromatographic extraction of Mg

different matrices, whether geological
measured the &2°Mg value (ranging from
to 052+ 0.29%0) in 50

biological reference materials (Figure 6; Table S3,

independent aliquots of
supporting

information).

The sample preparation takes advantages of two previous studies®2°

for the first and second steps of elution, and is based on K having a
lower partitioning coefficient than Mg in dilute HCI solution in
cationic resins?! for the third step of elution. Our elution protocol
offers several advantages over currently available methods. Grigoryan
et al'!

using dilute HCI and acetone. However, in this protocol a significant

proposed a one-stage only elution protocol in cationic resin

tailing effect of the Mg elution curve was observed, such that Mg was

collected throughout 20 mL. Another disadvantage was the presence
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FIGURE 4 Matrix effects of some elements on the UKAS Mg isotopic ratio. The dotted red line indicates the average §2°Mg value for the in-
house UKAS standard, and the shaded area is for two standard deviations of the mean

of acetone in this protocol, which is a source of carbon that produces
polyatomic ions (C,*, C,H*, CoH,*, and CNY) interfering with all Mg
isotopes. In another recent study, Bao et al'® used a three-stage
elution protocol in addition to a precipitation step. Our protocol is
also based on a three-stage method. Although it could be reduced to
two stages only, assuming that Fe is of little influence on the accuracy
of the Mg isotope composition (confirmed by our matrix doping
experiments, Figure 4B), the three-stage approach was applied to all
samples.

The 2SD values obtained in the present study for rock and
seawater reference materials range from 0.02 to 0.09%., with an
average value of +0.05%o (n = 8, Table S3, supporting information).
These numbers are slightly better than those published in the
literature, for which the 2SD values range from 0.01%2% to
0.19%0,242> with an average value of +0.10%o (n = 83). For biological
reference materials, the 2SD range in the present study is from 0.08
to 0.29%., with an average value of +0.19%. (n =49, Table S3,
supporting information). Other studies also show a greater variability
of external reproducibility in materials of biological origin than in
9,11-13

inorganic materials. It is possible that significant amounts of

complex residual organics remain after the aggressive acid and H,O,

mineralization, leading to a more unstable behavior of the matrix
during chromatographic separation (Table S1, supporting information).

Taken together, these comparisons suggest that the overall
method proposed in the present study yields reproducible Mg isotope
compositions, in both inorganic and organic matrices. The results must
be challenged in further studies to validate their accuracy.

To complement this work, isotope measurements of Mg from two
reference materials (BCR-383 and TORT-3) were also performed on
two other MC-ICP-MS instruments (Table 2). The Nu Plasma 1700
instrument gave identical 8%°Mg values (BCR-383: &§%°Mg =
—0.78 + 0.12%o, n = 4; TORT-3: §%Mg = —1.26%o, n = 1) to the Lyon
Neptune™ instrument (BCR-383: §2Mg = —0.73 + 0.09%o, n= 4;
TORT-3: §%°Mg=-143+ 0.25%., n= 6) (Table S3, supporting
information). Finally, comparisons of inter-laboratories (LGL and
WIGL) were carried out on the Neptune™ instruments (with similar
instrument settings), which also produced identical results (Figure 6;
Table S3, supporting information).

The §2°Mg values of biological reference materials cover a wide
range, spanning over 2%o from to —1.45 + 0.20%o (n = 5, 2SD) in tuna
fish (ERM-CE464) to 0.52 = 0.29%o (n = 7, 2SD) in bovine liver SRM-
1577c. Marine materials, that is, tuna fish (ERM-CE464) and lobster
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FIGURE 6 Distribution of 2°Mg values for biological
reference materials measured in the present study. Each
point is a sample aliquot that has completed the entire
protocol. Error bars represent two standard deviations of
the mean
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hepatopancreas (TORT-3) exhibit the most 2*Mg-depleted isotopic
ratios. DORM-2 and DORM-4 are two fish protein homogenates, but
it is not specified whether they were prepared from freshwater or
seawater fish. The liver is the biological material the most enriched in
heavy Mg isotope within all published biological §2°°Mg values.}*2
The old and now-exhausted SRM1577a reference material yielded a
626Mg value of 0.34 + 0.03%o, 2SD, n = 2), thus also enriched in the
heavy Mg isotope.''*2 This highlights the involvement of Mg in
hepatic metabolic processes and the potential sensitivity of the Mg

isotope composition to hepatic pathological conditions.?42”

5 | CONCLUSION

This study validates a protocol for the elution of Mg for the
subsequent measurement of stable isotope compositions which is
suited for various types of biological materials in the context of
bio-medical studies, or by extension for environmental studies.
This procedure efficiently eliminates any interfering elements
potentially present in the biological and geological matrices, beyond
the required levels for accurate isotopic measurement and without

chromatographically induced fractionation or contamination.
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