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Abstract

Highly resolved temporal and spatial distributions of trace elements in ocean water can provide insight into ocean
processes but carry a significant analytical demand which requires methods that combine accuracy and precision
with high sample throughput. Here a multi-element method is presented which combines the commercially-available
seaFAST preconcentration system with ICP-MS/MS for the analysis of Mn, Fe, Ni, Cu, Zn, Cd and Pb in seawater.
Samples (20 mL or 40 mL) are loaded on to a chelation resin column and trace metals eluted into 2.5 mL of 1.6 N
HNO,. Analysis of the eluate was carried out by ICP-MS/MS, which combines two mass-selecting quadrupoles
separated by an octopole collision/reaction cell. The collision/reaction cell was pressurized with O, gas for the
analysis of Mn, Ni, Cu, Cd and Pb and H, gas for the analysis of Fe and Zn, which removed common interferences (e.g.
ArO* on %6Fe and MoO* on Cd) yet maintained the highest instrument sensitivity across the entire mass range.
Measured blanks and detection limits were <0.050 nmol L1 levels, except for the Fe (blank 0.14 nmol L™1) and were
suitable for open-ocean seawater analysis. We report results for the certified reference material NASS-6, consensus
reference standards SAFe S and SAFe D and depth profiles of trace metals from the Arctic Ocean, collected as part of

the Canadian GEOTRACES program.
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instrument sensitivity and BEC for Fe and Cd. The signal intensity was 0, gas flow rate (mL min-1)
measured in a solution containing 1 ug L™ Fe in 0.8 mol L™* HNO for o e
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Abstract

The recent commercialisation of inductively coupled plasma tandem mass
spectrometric (ICP-MS/MS) instruments has provided analytical chemists with
anew tool to properly quantify atomic composition in a variety of matrices
with minimal sample preparation. In this article, we report on our assessment
of the compatibility of 3 sample preparation techniques (open-vessel acid
digestion, microwave digestion and alkaline fusion) for the quantification of
rare earth elements (REEs) in mineral matrices. The combination of the high
digestion temperatures (1050 °C) and using LiBO, as a flux was the most
effective strategy for the digestion of all rare earth elements in mineral
matrices and was compatible with ICP-MS/MS measurements. We also
assessed the analytical performances of ICP-MS/MS against other plasma-
based instrumentation (microwave induced plasma and inductively coupled
plasma atomic emission spectroscopy (MIP-AES and ICP-AES, respectively)
and single quadrupole inductively coupled plasma mass spectrometry (ICP-
MS). The comparative study showed that the concentrations obtained by ICP-
MS/MS are in excellent agreement with the certified reference material values,
and much more suited than the other analytical techniques tested for the
quantification of REEs, which exhibited low detectability and/or spectral
interferences for some elements/isotopes. Finally, the ruggedness of the
analytical protocol proposed which combines a rapid sample dissolution step
performed by an automated fusion unit and an ICP-MS/MS as a detector was
established using various certified mineral matrices containing variable levels
of REEs.
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Method detection limit (ug L") for various plasma-based instruments
(n=10)
MIP-AES ICP-AES ICP-MS ICP-MS/MS
Sc 2 1 0.03 0.02
Y 2 0.6 0.01 0.01
La 20 1 0.03 0.002
Ce 40 6 0.06 0.02
Pr 50 8 0.05 0.006
Nd 80 5 0.03 0.005
Sm 80 5 0.01 0.01
Eu 2 0.5 0.05 0.007
Gd 20 2 0.09 0.006
Tb 20 11 0.01 0.008
Dy 2 2 0.02 0.007
Ho 10 2 0.02 0.008
Er 30 2 0.03 0.009
Tm 10 1 0.01 0.008
Yb 1 0.6 0.05 0.007
Lu 2 1 0.02 0.009

Concentration and uncertainties in mg kg’ of REEs in OKA-2 measured by MIPAES,
ICP-AES and ICP-MS(/MS) after alkaline fusion (n = 3, 95% confidence interval)

MIP-AES ICP-AES ICP-MS ICP-MS/MS Rf;“[ffe“sce
Se,0; 110= 10 =1 876 37<6 10+10
Y05 3300%200 3000 £ 200 3450 £ 60 3400 £ 200 3200 £ 700

La,0; 570003000 590003000 690002000 62 000 =4 000 56 000 =3 000
Ce0O3 1380004000 143 000=8000 147000+8000 13700011000 143 000 =9 000
Pr,0; 18 000 + 900 19 000 =2 000 18 900 + 900 18200 + 900 18 000 +2 000
Nd,0O;  64000+3000 62000=3000 680002000 66 000 =4 000 67000 + 6 000
Sm, 05 8 000 + 300 12200 + 600 11200 + 300 11200 + 600 10 000 + 1 000

Eu,0;3 3000 = 100 2300+ 100 2770 £ 60 2800 + 100 2600 £ 300
Gd,05 5400 =200 4200 £ 200 7700 + 300 7 400 + 400 5800 = 1000
Tb,0; 460 + 40 780 +20 700 + 20 700 + 30 600 = 100
Dy,0; 2000 + 100 2000 + 100 2010+30 2000 + 200 1700 + 500
Ho,0; 190 £ 60 210£20 221+3 200+ 10 200 =200
En0s 700 + 100 2500 + 200 4051 410+20 600 = 600
Tm, 05 <160 <50 54£2 231 20+20
Yb,05 11010 11010 80 =10 13020 110 £ 50
Lu,04 <30 9+5 301 16+3 13+5
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Abstract

It is well known that molybdenum oxides affect Cd determination by inductively
coupled plasma mass spectrometry (ICP-MS). It is proposed here a procedure for
simultaneous determination of Cd and Mo. The effectiveness of the ICP-MS with
tandem configuration (ICP-MS/MS) using octopole reaction system (ORS?)
pressurized with oxygen gas and MS/MS mode to overcome Mo oxide-based
interferences on Cd determination was evaluated. Cadmium was determined as free
atom ion and Mo was determined as MoO,* employing a 0.5 mL min™ ! oxygen gas
flow rate into the ORS>. Non-fat and whole milk powder certified reference
materials (NIST SRM 8435 and SRM 1549) were used for checking the accuracy of
the proposed procedure. The microwave-assisted digestion was carried out using
diluted nitric acid solution (2.6 mol L~ HNO;) and hydrogen peroxide

(30% m m ). According to Student's -test, reference and determined values were in
agreement at a 95% confidence level, except for ***Cd and *Cd in SRM 1549.
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Abstract

Methyl fluoride (a mixture of 10% CH,F and 90% of He) was evaluated as a
reaction gas in inductively coupled plasma-tandem mass spectrometry
(ICPMS/MS) in the context of the determination of ultratrace
concentrations of medically relevant metals (Al, Co, Cr, Mn, Ni, Ti, and V)

in blood serum and urine. Via product ion scanning, whereby only ions of .."5“.:_ [ en, m 31.':‘.:

the mass-to-charge ratio of the target nuclide were admitted into the

octopole reaction cell, the various reaction product ions formed for each of 4 -
the target elements were identified at different CH,F gas flow rates. Limits
of detection (LODs) and of quantification (LOQs) and linearity of the
calibration curve were documented under (i) optimized ICPMS/MS
conditions for single-element monitoring and (ii) compromise conditions,
allowing for multielement determination. Even under compromise settings,
instrumental LODs were below 10 ng/L for all target elements, while the
use of CH,F provided interference-free conditions for their determination in the biofluids of interest. Quantitative data obtained for
Seronorm blood serum and urine reference materials were in excellent agreement with the corresponding reference values and/or
results obtained using double-focusing sector-field ICPMS (for those elements for which no certified values were available or that
were affected during reconstitution), proving the potential of this reaction gas for multielement ultratrace analysis via ICPMS/MS.
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Abstract

The increase in the use of SiO, nanoparticles (NPs) is raising concern about their environmental and health effects,
thus necessitating the development of novel methods for their straightforward detection and characterization. Single
particle ICP-mass spectrometry (SP-ICP-MS) is able to provide information on the size of NPs, their particle number
density and mass concentration. However, the determination of Si via ICP-MS is strongly hampered by the occurrence
of spectral overlap from polyatomic species (e.g., CO* and N,*). The use of tandem ICP-MS (ICP-MS/MS) enables
interference-free conditions to be obtained, even in the most demanding applications. Upon testing several gases, the
use of CH;F (monitoring of SiF*, mass-shift approach) and of H, (monitoring of Si*, on-mass approach) were
demonstrated to be the most suitable to overcome the spectral interference affecting ultra-trace Si determination
(LoD <15 ng L™%). By using these approaches, SiO, NPs (ranging between 80 and 400 nm) can be detected and
characterized. For SiO, NPs > 100 nm, it was possible to provide accurate results in a straightforward way, as the
signals they give rise to are well resolved from those of the background. In the case of 80 and 100 nm NPs, the use of a
simple deconvolution approach following a Gaussian model was needed to characterize SiO, NPs apparently showing
incomplete distributions as a result of the presence of the background signal. Overall, the methods developed using
SP-ICP-MS/MS are sensitive and selective enough for the interference-free determination of Si at ultra-trace levels,

also in the form of SiO, NPs.
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Summary of the reaction pathways of Si* and interfering ions for different operation
modes

(1) No gas — “Vented mode”
it > %si* (on-mass)
Begr 3 %o

Bt S By

(2) Helium — He “KED mode”
%5i* +He > *si* (on-mass)
0"+ He > Removed by collisions + KED

ZBN{ +He = Removed by collisions + KED

(3) Hydrogen - H,
%si* +H, > si’ (on-mass)
25i* + Hy > °SiH* (mass-shift)
*C0" +H, > PCOH'+H'

=N, +Hy D> PN H

(4) Oxygen -0,
i +0, > “si0” (mass-shift)
st +0, > “si0," (mass-shift)
*co*+0, > “co,’

N, +0,> “N0°

(5) Ammonia — NH;3
25i* + NH3 > *SiNH," (mass-shift)
ot + NH; = No observable product ions

%N," + NH; > No observable product ions

(6) Methyl fluoride — CH3F
2Si* + CHsF 2 *SiF* + CH3 (mass-shift)
C0* + CHsF > No observable product ions

%N," + CHsF = No observable product ions
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Abstract

Since the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident in | B apoe @) ?:::ZEIZ',? Qupole (@2)
2011, the activity ratio of '34Cs/*37Cs has been widely used as a tracer for plasma L H —
contamination source identification. However, because of the short half-life —-—) (= b o o
of 134Cs (2.06 y), this tracer will become unavailable in the near future. This i 4 —n ¥
article presents an analytical method for the determination of the long-lived o RS Mo 520 820"N0
135Cs (tp/; = 2 x 10°y) and the atomic ratio of 35Cs/*37Cs, as a promising NO-He
geochemical tracer, in environmental samples. The analytical method B I apoe @) ?5235?: Q-pole (Q2)
involves ammonium molybdophosphate (AMP)-selective adsorption of Cs plasma 8 } = r-—l —
and subsequent two-stage ion-exchange chromatographic separation, K= s [ e (Ero
followed by detection of isolated radiocesium isotopes via triple-quadrupole b ) e e . Sp—
inductively coupled plasma—mass spectrometry (ICP-MS/MS). The AMP- L) ! N Ho —

selective adsorption of Cs and the chromatographic separation system
showed high decontamination factors (104-10°) for interfering elements,
such as Ba, Mo, Sb, and Sn. Using ICP-MS/MS, only selected ions enter the collision/reaction cell to react with N,O, reducing the
isobaric interferences (*35Ba* and '37Ba*) and polyatomic interferences (95 Mo4°Ar*, 97 Mo4°Ar*, 1'9Sn'0*, and '2'Sbh'®0*) produced
by sample matrix ions. The high abundance sensitivity (1079 for the '35Cs/!33Cs ratio) provided by ICP-MS/MS allowed reliable
analysis of 135Cs and '37Cs isotopes with the lowest detection limits ever reported by mass counting methods (0.01 pg mL™* and
0.006 pg mL™, respectively). The developed analytical method was successfully applied to the determination of 35Cs and *37Cs
isotopes in environmental samples (soil, litter, and lichen) collected after the FDNPP accident for contamination source
identification.
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solution of 10 pg mL" was measured.
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Abstract

Some varieties of edible mushrooms can accumulate high contents of arsenic,
which is a public health concern. In this study, we developed a high-
performance liquid chromatography method linked to inductively coupled
plasma triple quadrupole mass spectrometry (HPLC-ICP-MS/MS) for sensitive
and accurate determination of arsenite, arsenate, monomethylarsonic acid,
dimethylarsinic acid, arsenocholine and arsenobetaine in edible mushrooms.
The six arsenic species were extracted ultrasonically from mushrooms using
ultrapure water at 60 °C as the solvent, separated on a PRP-X100 anion
exchange column (4.1 x 250 mm, 10 pm), with 20 mmol/L NH,;HCO3 and

50 mmol/L (NH4),COs3 as the mobile phase, and quantified using ICP-MS/MS
in the oxygen reaction mode. The linear range of the method was 0.5 pg/L-
100 pg/L with detection and quantification limits of 2.5 pg/kg-10 pg/kg

(S/N = 3), and 8 pg/kg-33 pg/kg (S/N = 10), respectively. This method was
applied successfully to the detection and speciation of arsenic in eight
varieties (266 samples) of mushrooms. Our results indicated that most wild
edible mushrooms contained organic arsenic, mainly arsenobetaine and
arsenocholine. However, the inorganic arsenic content of Armillariella tabescens
(3.63 mg/kg) and parts of the cultivated Agaricus blazei murrill (up to

4.50 mg/kg) were relatively high, which is potential risk to the health of

consumers.
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Abstract

Single-cell inductively coupled plasma mass spectrometry (SC-ICP-MS) has
become a powerful and fast tool to evaluate the elemental composition at a
single-cell level. In this study, the cellular bioavailability of arsenite
(incubation of 25 and 50 uM for 0 — 48 h) has been successfully assessed by
SC-ICP-MS/MS for the first time directly after re-suspending the cells in
watet. This procedure avoids the normally arising cell membrane
permeabilization caused by cell fixation methods (e.g. methanol fixation).
The reliability and feasibility of this SC-ICP-MS/MS approach with a limit
of detection of 0.35 fg per cell was validated by conventional bulk ICP-
MS/MS analysis after cell digestion and parallel measurement of sulfur and

phosphorus.
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1 : Microscopy image of A549 cells re-suspended in deionized water for
SC-ICP- MS/MS.
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[& 2 : Chromatograms and histograms of cells analyzed by SC-ICP-MS/MS
using oxygen as reaction gas. The results obtained for sulfur (A) and
phosphorus (B) are displayed.
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