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ABSTRACT: Trends and advances in the development and application of inductively coupled plasma tandem quadrupole
mass spectrometry (ICP-QMS/QMS) with a reaction cell is reviewed mainly based on publications from January 2018 to July
2021. ICP-QMS/QMS has been applied in various research fields covering the sciences of biology, energy, environmental,
food/medical, geology, materials, and radionuclide. The objectives of analysis cover the determination of elemental concentration,
ion-gas reaction, isotope analysis, single particle analysis, and chemical — p P — [ve]
speciation analysis. Measurement of most elements in the periodic table ;73 H ) EIM I .MW F TNe
are reported except for H, N, O, F, rare gas, and some of the [Nalmg| (— "° e >0 allsi|p|s e ar
radionuclides. In addition to the default reaction/collision gases (i.e., He, B Sc | T IR Min AR Ni'|CU || Zn|| Ga| Ge [As||Se | Br | Kr
Hz, Oz, and NHz), N2O, COz, CHa, CHaF, CzHs, and CoHs have been |72 2. 2t 22t T2 BREERIE LR S 0 o 0
used as reaction gases to improve the capability of separating spectral Fr|Ra| Ac| Rf | Db |Sg| Bh | Hs | Mt | Ds | Rg
interferences or to study the ion-molecule reactions. Typical applications
of ICP-QMS/QMS analysis in the major research fields are also
discussed.
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INTRODUCTION resolution (HR) ICP-MS, which is also known as sector field (SF)
ICP-MS (or ICP-SF-MS) or HR-ICP-MS. This instrumental
arrangement is usually composed of a magnetic field mass
spectrometer and an electric field mass spectrometer. In this kind
of ICP-MS instrument, a higher resolution (R = m/Am) is
obtained by adjusting the physical width of the inlet slit and that
of the outlet slit to manipulate the ion beam. In principle, a
narrower slit width provides a higher resolution in return for a
lower signal intensity (i.e., trading off sensitivity) due to a
decrease of ion transmittance through the instrument. In this case,
the separation of a spectral interference from an element of
interest is based on a tiny difference (e.g., 0.3 to 0.01, or even

Inductively coupled plasma mass spectrometry (ICP-MS) is
predominantly used for elemental analysis due to its powerful
ionization source, i.e., argon plasma up to 10000 K, including the
capability of multielement/isotope analysis, much simpler spectra
in comparison to optical emission spectrometry, excellent limits
of detection at ng/L or even lower, and wide linear dynamic
range up to 9 orders of magnitude. In the past three years, the
number of publications based on ICP-MS at least doubled the
sum of those based on optical emission spectrometry and atomic
absorption spectrometry.

However, one of the obstacles for the application of ICP-MS is lower) in the mass-to-charge ratio (Am/z). The resolution
spectral interference due to isobaric ions (e.g., “°Ar* interference required for separating the spectral interference from an element
with 4°Ca*), polyatomic ions (e.g., *°Ar’%0* interference with of interest in the measurement by HR-ICP-MS is illustrated in
%6Fe*), or multiply charged ions (e.g., 1¥Ba?* interference with Fig. 1, where 183n is given as an example and is approximately
69Ga*). A straightforward approach for separating spectral located at the middle of the range of the atomic number from H
interference from an element of interest is double focusing high to 2°U. This is supposing that an HR-ICP-MS instrument,
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Fig. 1 Resolution required for separating a spectral interference from an
element of interest in the measurement by HR-ICP-MS. (A), low
resolution; (B), medium resolution; (C), high resolution.

operated at low resolution, provides a signal intensity of
1,000,000 counts per second (CPS) for 1 ng/mL of Sn standard
solution. The signal intensity obtained at middle resolution and
high resolution will be approximately 95,000 CPS and 34,000
CPS, which can be calculated from a simulation based on a
normally distributed profile of the ion beam.

An alternative approach for separating ICP-MS spectral
interference is the collision/reaction cell technique. A spectral
interference can be separated from an element of interest based
on the different chemical properties in reaction with the cell gas
molecules or based on the kinetic energy discrimination (KED)
effect during the collision with the cell gas molecules. After
separation in the collision/reaction cell, the initial spectral
interference can be excluded from entering the mass
spectrometer due to the KED effect or significant difference in
Am/z (minimum value = 1, loss or gain a hydrogen atom) from
an element of interest. As a result, better separation can be
obtained without compromising the sensitivity.

A drawback of the collision/reaction cell technique in
traditional ICP-MS is that unwanted reactions may occur in the
collision/reaction cell and result in new spectral interferences not
formed in the argon plasma. Fortunately, ICP-MS with tandem
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quadrupole mass spectrometers (ICP-QMS/QMS) significantly
improved the reaction management in comparison to previous
generation of collision/reaction cell ICP-MS instruments that
lacked a filtering quadrupole in front of the reaction cell. In ICP-
QMS/QMS, the quadrupole mass filter placed upstream of the
reaction cell controls the ionic species entering the reaction cell
and effectively decreases the occurrence of unwanted reactions.
There are multiple names used for tandem quadrupole ICP-MS,
e.g., ICP-QQQ, triple quadrupole (TQ) ICP-MS, and multiple
quadrupole ICP-MS. ICP-QMS/QMS is used in the present work
to emphasize the merits of the filtering quadrupole in front of the
reaction cell and the analyzing quadrupole at back of the reaction
cell.

MECHANISM FOR SEPARATING
SPECTRAL INTERFERENCE IN ICP-
QMS/QMS

There are two modes, namely on-mass mode and mass-shift
mode, for separating spectral interference from an element of
interest in the measurement by ICP-QMS/QMS. Figs. 2 (A) and
(B) illustrate the mechanism for on-mass mode and mass-shift
mode, respectively.

In both modes, only the ions with an m/z value equal to mz can
pass through the first quadrupole mass spectrometer (QMS1) and
enter the reaction cell. All other ions with an m/z value different
from my, e.g.,*°Ar*, cannot pass through QMS1 and cannot arrive
at the reaction cell. As a result, the ion species entering the
reaction cell are greatly simplified and the unwanted reactions in
the reaction cell are effectively suppressed.

On-mass mode. On-mass mode is applied for the measurement
of an element not reacting with the cell gas, i.e., an ion is detected
with its initial m/z value. As is shown in Fig. 2 (A), both QMS1
and the second quadrupole mass spectrometer (QMS2) are set to
permit the passing of ions with an m/z value of mz (m2=ma). An
ion of interest (*Fe*) and an interfering ion (**Ar*0*) whose m/z
values are both equal to m1 can pass through QMS1 and enter the
reaction cell. Without reacting with the cell gas content, %6Fe*
passes through the reaction cell and QMS2 sequentially and
arrives at the detector to be observed as a measurement signal.

On the other hand, “°Ar'%0* changes to “°Ar and H2°0* (m/z
# my) after reacting with the cell gas and cannot pass through
QMS?2 to arrive at the detector. It is to be noted that there may be
other product ions/atoms in addition to “°Ar and H2'%0* (m/z #
mz), e.g., °Ar* and *H2'%0, which have m/z values different from
m2 and, therefore, also cannot pass through QMS2.

Mass-shift mode. Mass-shift mode is applied to the
measurement of an element reacting with the cell gas, i.e., an ion
is detected with an m/z value different from its initial one. As is
shown in Fig. 2 (B), QMS1 and QMS?2 are set to permit the
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Fig. 2 Mechanisms for separating spectral interference from an element of interest in the measurement by ICP-QMS/QMS.

passing of ions with m/z values of m1 and mz (# mu), respectively.
Both %S* and °0," can pass through QMS1 and enter the
reaction cell. In the reaction cell, 32S* reacts with the cell gas and
converts to 32S180* having an m/z value of mz (= m1+ 16). Then,
325160* passes through the reaction cell and QMS2 sequentially
and arrives at the detector to be observed as a measurement
signal.

Meanwhile, 102" keeps its initial m/z value, i.e., mi (# m2),
and cannot pass through QMS2 to arrive at the detector. There
may be reactions between 602* and Oz resulting in some product
ions with m/z values different from m2. These ions can also not
pass through QMS2.

In both modes, only selected ions with an m/z value of my are
permitted to pass through QMS1, which simplifies the reactions
in the reaction cell. Further separation of an ion of interest from
an interfering ion can be effectively obtained by shifting either
the m/z of the interfering ion (on-mass mode) or that of the ion of
interest (mass-shift mode). These mechanisms permit the
effective separation of spectral interference without trading off
sensitivity, i.e., independent of the resolution required for HR-
ICP-MS. Partly attributable to this advantage, more and more
applications using ICP-QMS/QMS have been published since
the commercial availability in 2012. The relatively low price
(roughly half of) in comparison to that of HR-ICP-MS may be
another reason for the increasing application of advantage of
ICP-QMS/QMS.

RECENT APPLICATIONS OF ICP-
QMS/QMS

There are multiple brands of ICP-QMS/QMS instruments
commercially available. Agilent Technologies launched the
Agilent 8800 series in 2012, followed by the Agilent 8900 series
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in 2016. Thermo Fisher Scientific launched the iCAP™ TQ ICP-
MS and PerkinElmer, Inc., the NexION® 5000 Quadrupole ICP-
MS series in 2017 and 2020, respectively. Most works published
so far have been using the Agilent 8800 and 8900 ICP-
QMS/QMS. In this paper, the references on ICP-QMS/QMS
published from January 2018 to July 2021 are comprehensively
reviewed, as shown in Table 1.

References investigated. In the present review, the references
cited are generally obtained from the Web of Science database
operated by Clarivate Analytics. The time of publication is
between January 2018 and July 2021. The reference search was
carried out following two criteria:

(1) At least one of the following words was included as the
topics: ICP-MS/MS, ICP-QQQ, ICP-QMS/QMS, TQ ICP-MS,
NexION 5000.

(2) At least one of the following words was included as the
topics: reaction gas, reaction cell, collision gas, collision cell.

As a result, 77 references were collected and are discussed in
the following text.

Research fields and objectives. The research fields of the above
references covered biology,'®> energy,’® environment,%17-32
food/medical 101225273340 geology,?8447  material,*#%° and
radionulide,*?2236171  respectively. In addition to these
conventional elemental analysis topics, a study on the gas phase
catalytic reaction has also been reported by using the reaction cell
of ICP-QMS/QMS as the in-situ reaction field.” Furthermore,
ICP-QMS/QMS has been covered by principle studies and
reviews on the ICP-MS reaction/collision cell technology,”"4™
gas chromatography (GC-) ICP-MS,”® and high performance
liquid chromatography (HPLC-) ICP-MS for quantitative
profiling analysis of metalloids in biological samples,”
respectively.

At. Spectrosc. 2021, 42(6), 299-309



Table 1. Summary of References Based on ICP-QMS/QMS and Published from January 2018 to July 2021

No. Research Field  Topic Sample Element Reaction Cell Gas
1 Biology Concentration Human Serum Mn, Fe, Ni, Cu, Zn, Se N,O
2 Biology Concentration Whole Blood As 0,
3 Biology Isotope Insects Sr N,O
4 Biology, Isotope Urine Sr 0O,
Radionuclide
5 Biology Single Particle Radish Ti H,, O,
6 Biology Single Particle Breast Cancer Cells Nd, Eu, P No-Gas, O,
7 Biology Speciation Organotin-Protein Sn, S, Se 0,
Samples
8 Biology Speciation Fish Tissue Br Hy, Oz, N,O
9 Biology, Concentration Environment, Biology Mg, Al, Fe, Cu, Zn, Se, Cd No-Gas, O,
Environment
10 Biology, Speciation Plasma Se, S 0O,
Medical
11 Biology, Speciation Human Blood Se, S 0O,
Medical
12 Biology, Speciation Human Plasma Br, Cl H,, O,
Medical
13 Biology Concentration Human Serum Ti O, H;
14  Biology Concentration Clinical Samples Non-Specified Non-Specified
15 Biology Single Particle Human Cell P, S, Fe, Cu, Zn, Pt O, NH3, He
16 Energy Speciation Light Petroleum Si H,
17 Environment Concentration Environment Water Pd He, CH;
18 Environment Concentration Seawater La, Ce, Pr, Nd, Sm, Eu,Gd, Tb, Dy, Ho, Er, Tm, Hy, He, O,
Yb, Lu
19 Environment Concentration Particulate Matter Li, Be, B, Na, Mg, Al, Si, P, S, K, Ca, Sc, Ti, V, He, O,, No-Gas
Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga,Ge, As, Se, Br,
Rb, Sr,Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn,
Sh, Te, Cs, Ba,La, Ce, Nd, Sm, Eu, Gd, Th, Ho,
Tm, Lu, Hf, Ta, W, Be, Os, Ir, Pt, Au, Hg, TI, Pb,
Bi, Th, U
20 Environment Concentration Seawater Mn, Fe, Ni, Cu, Zn, Pb H,, O,
21 Environment Concentration Model Solution As, Se 0,
22 Environment, Isotope Environment Samples Pu NHs, He
Radionuclide
23 Environment, Isotope Environment Samples Cs N,O
Radionuclide
24 Environment, Isotope Environment Samples U 0,, CO;
Radionuclide
25 Environment, Concentration Food and Environment Rb CHsF
Food Samples
26 Environment, Isotope Environment and Food Ga He, H,, Oy, NH;, He
Food Samples
27 Environment, Isotope Environment and Pu CO,, He
Medical Forensic Samples
28 Environment, Isotope Water and Geology Ra N,O
Geology Sample
29 Environment Concentration Sediment Sc, Ga, Ge, Nb, In, Te, La, Ce, Pr, Nd, Sm, Eu, N0, O,, No-Gas
Gd, Th, Dy, Yb, Lu, Ta
30 Environment Concentration River Water La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, (o)
Yb, Lu
31 Environment Single-Particle Seawater C No-Gas, Hy, O,
NH;, He
32 Environment Concentration Road Dust, Soil, Rock Ru, Rh, Pd, Os, Ir, Pt, Re NHs, He
33 Food Concentration Food Sample Ca, Cl H,
34 Food, Medical Concentration Hearbal Tea Si,P, S, Cl, Br, | O, H
35 Food, Medical Concentration Fruit Wines Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Cd, Oy, Ha, NH3, He, H;
Hg, Pb
36 Food, Medical Concentration Wild Artemisia As, Se, Cr, Mn, Fe, Co, Ni, Cu, Zn O,, NH3, He, No-
Selengensis Gas
37 Food, Medical Concentration Jatropha Curcas L. Oil Na, Si, P, S, ClI, K, Ti, V, As, Na Oz H;
38 Food, Medical Concentration Z. Bungeanum Oil Cr, Ni, As, Cd, Hg, Pb He, O,, No-Gas
39 Food, Medical Concentration Food Samples As, Co, Mn O, NH3, He
40 Medical Single Particle Model Solution Fe 0,
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41 Geology Concentration Uranium Ore
42 Geology Concentration Minerals
43 Geology Isotope Molybdenite
44 Geology Isotope Apatite, Titanite
45  Geology Isotope Water and Geology
Sample
46 Geology Isotope Rock
47 Geology Concentration, Geological samples
Isotope
48 Material Concentration Soft Magnetic Ferrite
Powders
49 Material Concentration Ru Compounds
50 Material Concentration High Purity
Molybdenum Powder
51 Material Concentration High Purity Cobalt
52 Material Concentration High Purity TMAH
53 Material Concentration High Purity TMAH
54 Material Single Particle Nanoparticle
55 Material Single Particle Nanoparticle, Protein
56 Material Single Particle Nanoparticle
57 Material Single Particle Nanoparticle
58 Material Concentration Lithium
Hexafluorophosphate
59 Material Concentration Lithium Tantalate
60 Material Concentration Propylene Glycol
Methyl Ether
61 Radionuclide Concentration Model Solution
62 Radionuclide Isotope Nuclear
Decommissioning
Samples
63 Radionuclide Isotope Nuclear Waste, Disposal
64 Radionuclide Isotope Calcium Fluoride Sludge
65 Radionuclide Isotope Certified Reference
Material
66 Radionuclide Isotope Model Solution
67 Radionuclide Concentration Soil
68 Radionuclide Concentration, Seawater
Isotope
69 Radionuclide Concentration Lake Water,
Groundwater, Seawater
70 Radionuclide Concentration Lake Water, Seawater,
Urine
71 Radionuclide Concentration Concrete
72 Principle Concentration Model Solution
73 Principle Gas-Phase Gaseous Catalysts
Reaction
74 Principle Concentration Model Solution

75 Review
76 Review
77 Review

Non-Specified
Speciation
Speciation

Non-Specified
Non-Specified
Non-Metal Medicals

P, S, Br, | 0,

Rh, Pd NHs, He
Re, Os CH,

Pb NH;

U N,O

Sr 0,

Non-Specified Non-Specified

Na, Mg, Al, K, Ti, Co NHs, He, H;

P, S, Ti, V, Cr, Mn, Fe, As O, NH3, He

Si, Ca, Cd, P, S, As, Se, Ta, Sn, Sb, Ba, W, Na, H,, O,, NH3, He, No-
Mg, Al, K, V, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn,Pb,  Gas

Bi, Th, U

P, S, V, As, Se, Si, Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Oy, Hy, NHz/He
Na, Mg, Al, K

Si, P, S, Cl, As, Se He, H, O,

Mg, Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, Cd, Pb O, NH3, He

Fe Ho, NH3

Fe, S, \4 Oz

Au, Ag, Pt, Fe Hy, He, CH3
Fe, Ti, Si, Cr, Al, Ni, Cu, Au, Pt NHz, Op-H,
Na, Mg, Al, K, Ti, V, Mn, Fe, Co, Ni, Cu, Zn, Ag, O, Hy, NH3, He
Cd, Sh, Ba, Pb

Au, Na, K, Ca O, NH3, He
Na, Mg, Al, Ti, V, Cr, Fe, Ni, Cu, Zn H,, NH3, He

U, Pu No-Gas, O, H,, He
Sm Oz

zr NHy/He

U He

Pu COz, H,, He

Cl, Ca, Ni, Se, Sr, Zr, Nb, Tc, Pd, Sn, I, Cs, Sm, H,, He, Oy, NH;
U, Np, Pu

U COz, He

Cs N.O

Sr Oz, H2

Sr, U, Am, Pu O, Hy, He

Zr, Mo H,, NH3, He

U, Th 0;

Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Y, Zr,
Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Hf, Ta, W, Re,
Ir, Pt, Au, S, As, Se, Sn, Sb, Te, Pb, Bi, Hg

Ag, Cd, Ce, Co, Cs, Cu, Fe, Ga, Ge, In, Mg, Rh,
Sc, Ti, Tl Y, Zn

Non-Specified

Non-Specified

Non-Specified

CHy, C;He, CoH,4

NHs, He

Non-Specified
Non-Specified
Non-Specified

The objectives of the above references covered elemental

COncentrati on ’1,2,9,13,14,17-21,25,29,30,32-39,41,42,47—53,58—61,67—72,74 iOn'gaS
molecule  reaction,”  isotope,34222426-2843-47.626668,  gingle
particle 61531405457 and  chemical  speciation,’810-121676.77
respectively.

Figs. 3 (A) and (B) show the reference distribution of research
fields and objectives. In Fig. 3 (A), the distribution of the
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research fields shows a roughly equal distribution in six research
fields, except for energy, indicating the wide application of ICP-
QMS/QMS in these major research fields. On the other hand, as
shown in Fig. 3 (B), the applications in the elemental
concentration and isotope analysis occupied 53.9% and 22.4%,
respectively, followed by the applications in single particle
analysis and chemical speciation analysis with over 10% each.
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Fig. 3 Distributions of research field and objective in works carried out by
using ICP-QMS/QMS.

Elements covered by the references. The elements reported in
the references are summarized in the periodic table in Fig. 4. The
number of references for each element is shown in color scale.
As is shown in Fig. 4, a total of 78 elements were reported based
on the measurement by ICP-QMS/QMS. In addition to some
radioactive elements/isotopes, these reports covered most
elements having natural stable isotope(s), except for H, N, O, F
and the rare gas elements. It can be said that ICP-QMS/QMS is
the unique instrument permitting such a wide and predominant
application in atomic spectrometry.

As shown in Fig. 4, the elements S, Ti, Mn, Fe, Ni, Cu, Zn, As,
and Se were all reported at least in 10 references. This can be
attributed to the following facts: these elements are attracting
attention in multiple research fields, such as biology,
environment, food/medical, materials, and so on; spectral
interferences with the measurement of S, Ti, Se, and As can be
achieved at mass-shift mode by using O: as the reaction gas;

measurement of the first row transition metals by ICP-
QMS/QMS can be achieved at much less spectral interferences
in comparison to traditional collision cell ICP-MS.

Reaction gases used in the measurement by ICP-QMS/QMS.
The most important advantage of ICP-QMS/QMS is the effective
separation of a spectral interference from an element of interest
based on the reaction with the cell gas. Similar to traditional ICP-
MS using the collision/reaction cell techniques, He, Hz, O2, and
NHs are usually the default cell gases for ICP-QMS/QMS. In
addition, there are some reports using N20, CO2, CHs, CHsF,
C2Ha4, and C2Hs as the cell gas for ICP-QMS/QMS. Fig. 5 shows
the number of references for using each kind of cell gas.

As shown in Fig. 5, over 80% of the references used He, Hz,
02, or NHs as the cell gas, regardless of the fact that some
references also reported measurement at no-gas condition. It is
worth noting that 47 out of 74 references use Oz as the cell gas.
The reason can be partly attributed to the fact that there are many
reports on P, S, As, and Se, as shown in Fig. 4, for which the
mass-shift mode using Oz as the cell gas is effective in the
separation of the spectral interferences (e.g., “NO'H*, 1%0,*
OArSCI*, and Arz*, respectively) from the measurement of these
elements. Another reason can be attributed to the fact that old
generation reaction cell ICP-MS instruments are sufficient for the
analysis of some other elements.

Due to the inert chemical property of He, it is mainly used as a
collision gas. Application of Hz as the cell gas is effective for
removing argon-related polyatomic spectral interferences. Taking
advantage of ICP-QMS/QMS, Hz can also be applied to the
measurement of Si, P, S, Cl, and Br at the mass-shift mode.”
These elements can react with Hz to form hydrate ions. There are

H Count of references He
0 5 6~10 I 16~20 BIcIN|/O F I|Ne
1~5 11~15 >20 _E-E
Ti Mn - Ni |Cu|Zn | Ga|Ge |As | Se | Br|Kr
Zr INb |Mo | Tc | Ru |Rh Ag. In [Sn|Sb|Te | | | Xe
Hf | Ta/ W |[Re |Os | Ir | Pt [Au | Hg| TI . Bi | Po | At [Rn
Fr [ Ra|Ac | Rf |Db|Sg | Bh|Hs | Mt |Ds |Rg
Ce | Pr |Nd [Pm Eu|(Gd|Tb |Dy |(Ho| Er |Tm|Yb | Lu
Th | Pa Np Am|(Cm|Bk | Cf |[Es |[Fm|Md |No | Lr

Fig. 4 Counts of reference for each element measured by ICP-QMS/QMS.
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Fig. 5 Counts of reference for each kind of reaction cell gas used in ICP-
QMS/QMS.

many more references using Oz or NHs as the cell gas, which can
be attributed to the fact that many elements can react with these
cell gases to obtain MOx* or M(NxHy)* type product ions with
m/z values different from that of the initial ion, i.e., M*. These
reactions permit the application to measurements at mass-shift
mode.

Figs. 6 (A) and (B) illustrate the maximum percentage of
product ions by using Oz and NHs as the cell gas, respectively.
The value of a maximum percentage was calculated based on the
data in Reference (78). As shown in Fig. 6 (A), P, S, Cl, Sc, Ti, V,
As, Y, Nb, Ta, Th, U and the lanthanoids have high maximum
MOx* percentages (90% or more). The maximum MOx*
percentages for Br, Zr, Mo, Sh, Hf, W, and Gd are in the range
from 50% to 89%. It can be expected that the measurements of
these elements at mass-shift mode with O as the cell gas provide
relatively higher sensitivity.

As shown in Fig. 6 (B), none of the elements have a maximum
M(NxHy)* percentage over 70%. Four elements, i.e., B, Hf, Ta,
and Th, have maximum M(NxHy)* percentages in the range from
50% to 69%. Five elements, i.e., As, Zr, La, W, and U, have
maximum M(NxHy)* percentages in the range from 30% to 49%.
Twelve elements, i.e., Be, Si, P, Sc, Ti, V, Ge, Y, Nb, Ce, Gd, and
Th, have maximum M(NxHy)* percentages in the range from 10%
to 29%. These elements can be measured by ICP-QMS/QMS at
mass-shift mode with NHs as the cell gas.

As shown in Fig. 5, N20, COz, and CH4 were also used in
multiple reports instead of the default cell gases. By using N20 as
the cell gas, the production rate of the oxide ions of (Mn, Fe, Ni,
Cu, Zn, and Se),* Sr,3% Br,2 Ba,® (Ge, Eu, Yb)® and Ra, % is
greatly improved in comparison to those obtained by using Oz as
the cell gas. This feature provides a higher sensitivity and/or a
better separation of spectral interference. Application of CO:2 as
the cell gas was specifically useful for separating the spectral
interference in the isotopic analysis of U and Pu.2427567 The use
of CO2 henefited the complete conversion of U* to oxide ions
(UO* and UOz2"), which permitted the spectral interference-free
measurement of Pu* at on-mass mode. The reaction of (Os* —
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OsCH:"), achieved by using CHa as the cell gas, was effective for
separating a spectral interference in the measurement of Re*.*3

Determination of elemental concentration. One of the main
applications of ICP-MS, including ICP-QMS/QMS, is the
determination of elemental concentrations. Due to spectral
interferences, the determination of lower concentrations (ng/mL
order or lower) of P, S, Si, Cl, Br, and | is often challenging for
traditional ICP-MS. Measurement by ICP-QMS/QMS at mass-
shift mode using O: as the cell gas permitted a better
performance for analysis of these element and has been reported
fOI" P,15’19’34’41'45’49_52 8,15'19'34’40’41'45’4452 Si,19'34'45’50'52 C|,34'45'52

Br,>4! and 1,3 respectively.

Besides, the determination of 29 elements (Si, Ca, Cd, P, S, As,
Se, Ta, Sn, Sh, Ba, W, Na, Mg, Al, K, V, Ti, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Pb, Bi, Th and U) was reported by combining multiple
cell gas operating conditions, including no-gas, Hz, Oz, and
NHa/He.*® Most of the references discussed in this review were
published in the period from January 2018 to July 2021. The
author would like to point out that a reference published in 2017
and authored by Konan and Suzuki reported the determination of
67 elements by ICP-QMS/QMS based on multiple operating
conditions.™

Isotope analysis. In addition to the determination of elemental
concentrations, isotope and isotopic ratio analysis is another
major research filed for application of ICP-QMS/QMS. Many
references used He, Hz, Oz, or NHs, which are usually included
as the default cell gas for ICP-QMS/QMS. 4222644466266 There
are also multiple references using N20,323284588 C(Q,,242765 or
CH4*® as the cell gas to improve the separation of spectral
interferences. For single element solution, the typical relative
uncertainty of isotopic ratio obtained by ICP-QMS/QMS is
roughly in the range from 0.1% to 0.2%, which is inferior to that
can be achieved by multiple collector (MC-) ICP-MS by 3 to 4
orders of magnitude. Due to the effective separation of spectral
interferences (improvement of abundance sensitivity), the
precision of isotopic ratio analysis by ICP-QMS/QMS for real
samples of complicate matrix is comparable to that obtained for
single element solution. This is a noteworthy advantage in
comparison to MC-ICP-MS, which usually requires
mathematical correction of spectral interferences for the
analyzing real sample of complicate matrix and results in
deterioration of analytical precision and accuracy.

The production rates of 8Sr'60*, 26Ral®0*, and 26U60* were
greatly improved by using N20 as the cell gas, resulting in an
effective separation from the interfering ions 8Rb*, 28Pbl60*,
and 25UH", respectively.>2845 On the other hand, highly precise
analysis of the Cs isotopes (*3*Cs* and *¥"Cs*) was achieved by
complete conversion of the interfering ions, i.e., 1**Ba* and *¥'Ba*,
to oxide ions using N20O as the cell gas and resulted in the
complete elimination of the spectral inteferences.?368
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Fig. 6 Maximum percentages of product ions by using O, and NH; as the reaction cell gas in ICP-QMS/QMS measurement. (Calculated based on the data

reported in Ref. 78.) (MOy" includes MO*, MO,*, and MO;";

M(NyH,)* includes M(NH)*, M(NH)*, M(NH3)*, M(N2H4)*, M(N:Hs)*, M(Nz2H¢)", M

(NsH7)*, M(N3Hg)*, and M(N3Hg)*; A value for the maximum percentage was calculated as the relative value of the signal intensity of a dominating product
ion in comparison to the sum of signal intensities of all product ions considered, including M*.).

Regardless of the fact that CO: as the cell gas did not improve
the sensitivity for isotope analysis of U at the mass-shift mode by
ICP-QMS/QMS, effective separation of the spectral interferences
was achieved for the measurement of Pu* at the on-mass mode
by improving the conversion of UH* to UO*.*

Single particle analysis. Single particle (or single cell) analysis

based on ICP-QMS/QMS was reported for Ti,® (Nd, Eu, P),6 (P, S,

Fe, Cu, Zn, Pt),'5 C,3! Fe, 055 (Au, Ag, Pt),% and (Cr, Al, Ni,
Cu, Au, Pt)’, respectively. Complementary software package for
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single particle analysis can facilitate the data processing, which
can also be achieved by using spreadsheet software such as
Microsoft Excel.

Suppression of (¥Ca* — “8Cal®0") reaction and improvement
of (®Ti* — “8Ti%0*) reaction were simultaneous achieved by
using both Hz and O: as the cell gas, achieving high sensitivity
analysis of the TiO2 nanoparticles. As a result, the detection limits
for particle size in pure water and 50 mg/L of Ca matrix were 15
nm and 21 nm, respectively.
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Size detection limit of 0.6 um was achieved for polystyrene-
based microplastics by measuring 2C* at on-mass mode with Hz
as the reaction cell gas.'®

Measurement at on-mass mode by using Hz as the cell gas was
effective for separating the spectral interferences in FesOas
nanoparticle analysis.>* A slight broadening of peak width was
observed with double the signal intensity in comparison to the
measurement by HR-ICP-MS at pseudo-medium resolution
mode (only the width of the entrance slit but not that of the exit
slit being decreased).

A significant broadening of the peak width was observed for
Fe3O4 nanoparticle analysis at both the mass-shift mode and the
on-mass mode by using NHs as the cell gas in comparison to
those obtained with He or Hz as the cell gas or operated at no-gas
condition.® The broadening of the peak width can be attribute to
the apparent larger collisional cross-section when NHs is used as
the reaction cell gas.

Chemical speciation analysis. Chemical speciation analyses
based on ICP-QMS/QMS were mostly reported for S,7101
Se, 01 Br212 CI2? and Si%, all of which are "challenging
elements” for traditional ICP-MS. Measurement at mass-shift
mode using Oz as the cell gas was effective for separating
spectral interferences in the analysis of S compounds and Se
compounds in proteins, peptides and human blood cells.”10%
Measurement at mass-shift mode using N20O as the cell gas and at
on-mass mode using Hz was effective for separating the spectral
interferences in the analysis of Br compounds in fish tissue and
human plasma.8?> Measurement at mass-shift mode using Hz as
the cell gas was effective for the analysis of Cl compounds (e.g.
BCI* — B5CIH*) in human plasma.’? Measurement at on-mass
mode using Hz as the cell gas was effective for the analysis of Si
compounds in petroleum products.*6

In addition, a review article on GC-ICP-QMS/QMS
summarized chemical speciation analyses of P, S, Si, Cl, Sn, Pb,
Hg, As, Br, and Ge compounds.” Chemical speciation analyses
of S, Cl, P, Br and Se compounds by HPLC-ICP-MS were
reviewed in another reference.””

CONCLUSIONS AND PROSPECTIVE

Trends in research based on ICP-QMS/QMS are investigated
with a focus on references published from January 2018 to July
2021. Also, a brief introduction is provided about spectral
interferences in ICP-MS and the mechanism for spectral
interference separation in ICP-QMS/QMS.

Due to the outstanding capability for separating spectral
interferences, ICP-QMS/QMS has been utilized in multiple
research fields covering biology, energy, environment,
food/medical, geology, materials, and radionuclide. The
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objectives for measuring the advantages of this methodology
include the determination of the elemental concentrations, ion-
gas reaction, isotope analysis, single particle analysis, and
chemical speciation analysis.

In these reports, about 78 elements were measured by ICP-
QMS/QMS, also multiple radioactive elements, including most
stable isotope elements of the periodic table, with the exception
of H, N, O, F and the rare gas elements.

In addition to the default cell gases, i.e., He, Hz, O2, and NHs,
the literature review showed that multiple alternative gases were
investigated as the cell gas for ICP-QMS/QMS analysis,
including N20, CO2, CHs, CHsF, C2Ha, C2Hs. This suggests that
reaction gases can be customized and adopted for very specific
applications. However, it is notable that due to the limitation of
channel for corrosive gas, not every gas can be simultaneously
put into the reaction cell of the ICP-QMS/QMS.

Due to the low conversion rate of product ions with mass-shift
mode analysis by using Oz and NHs, a more reactive cell gas
(e.g., N20) may find more application in the analysis of transition
metals of groups 7 to 14 of the periodic table. Optimization of the
operating conditions to elevate the collision energy may improve
the conversion rate of product ions which require higher
formation enthalpy.&

The application of ICP-QMS/QMS permitted the analysis of
most elements of the periodic table, including “the challenging
elements” (when using traditional ICP-MS), e.g., P, S, Si, Cl, As,
Se, and Br, due to severe spectral interferences.

AUTHOR INFORMATION

Corresponding Author

*Y.B. Zhu

Email address: yb-zhu@aist.go.jp
Notes

The authors declare no competing financial interest.

REFERENCES

1. L. Fu H.L. Xie, J. H. Huang, and L. Chen, Anal. Chim. Acta, 2020,
1112, 1-7. https://doi.org/10.1016/j.aca.2020.03.054

2. J. Shirataki, K. Fujisaki, K. Sakaguchi, and N. Sato, Anal. Sci., 2018,
34, 735-738. https://doi.org/10.2116/analsci.18SBNO3

3. D.T.Murphy, C. M. Allen, O. Ghidan, A. Dickson, W. P. Hu,
E. Briggs, P. W. Holder, and K. F. Armstrong, Rapid Commun.
Mass Spectrom., 2020, 34, e8604. https://doi.org/10.1002/rcm.8604

At. Spectrosc. 2021, 42(6), 299-309



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

J. Tomita and E. Takeuchi, Appl. Radiat. Isot., 2019, 150, 103-109.
https://doi.org/10.1016/j.apradiso.2019.05.026

J. Wojcieszek, J. Jimenez-Lamana, L. Ruzik, M. Asztemborska,
M. Jarosz, and J. Szpunar, Front. Environ. Sci., 2020, 8, 00100.
https://doi.org/10.3389/fenvs.2020.00100

M. Corte-Rodriguez, E. Blanco-Gonzalez, J. Bettmer, and
M. Montes-Bayon, Anal. Chem., 2019, 91, 15532-15538.
https://doi.org/10.1021/acs.analchem.9b03438

J. M. Will., C. Erbacher, M. Sperling, and U. Karst, Metallomics,
2020, 12, 1702-1712. https://doi.org/10.1039/d0mt00171f

C. Zhang, X. M. Li, A. Li, Y.-L. Chen, T. T. Ma, X. Q. Li, Y. Gao,
and Q. H. Zhang, Anal. Chim. Acta, 2019, 1075, 38-48.
https://doi.org/10.1016/j.aca.2019.05.006

S. Theiner, A. Schoeberl, S. Neumayer, and G. Koellensperger,
J. Anal. At. Spectrom., 2019, 34, 1272-1278.
https://doi.org/10.1039/c9ja00022d

F. Gronbaek-Thorsen, S. Sturup, B. Gammelgaard, and L. H. Moller,
J. Anal. At. Spectrom., 2019, 34, 375-383.
https://doi.org/10.1039/c8ja00341f

N. Kroepfl, K. A. Francesconi, T. Schwerdtle, and D. Kuehnelt,
J. Anal. At. Spectrom., 2019, 34, 127-134.
https://doi.org/10.1039/c8ja00276b

S. Li, B. Klencsar, L. Balcaen, F. Cuyckens, F. Lynen, and
F. Vanhaecke, J. Anal. At. Spectrom., 2018, 33, 274-282.
https://doi.org/10.1039/c7ja00385d

L. Fu, H. L. Xie, J. H. Huang, X. H. Chen, I. Chen,
Anal. Chim. Acta, 2021, 1165, 338564
https://doi.org/10.1016/j.aca.2021.338564

H. S. Yang, D. R. LaFrance, Y. Hao, Am. J. Clin. Pathol., 2021, 156,
167-175, https://doi.org/10.1093/AJCP/AQAB013

T. Liu, E. Bolea-Fernandez, C. Mangodt, O. De Wever,
F. Vanhaecke, Anal. Chim. Acta, 2021, 1177, 338797,
https://doi.org/10.1016/j.aca.2021.338797

R. Sanchez, F. Chainet, V. Souchon, S. Carbonneaux,
C.-P. Lienemann, and J.-L. Todoli, J. Anal. At. Spectrom., 2020, 35,
2387-2394. https://doi.org/10.1039/d0ja00156b

B. Lesniewska, Z. Arciszewska, A. Wawrzynczak, S. Jarmolinska,
1. Nowak, and B. Godlewska-Zylkiewicz, Talanta, 2020, 217,
121004. https://doi.org/10.1016/j.talanta.2020.121004

Y.-B. Zhu, Talanta, 2020, 209, 120536.
https://doi.org/10.1016/j.talanta.2019.120536

A. Ari, P. E. Ari, and E. O. Gaga, Talanta, 2020, 208, 120350.
https://doi.org/10.1016/j.talanta.2019.120350

S. L. Jackson, J. Spence, D. J. Janssen, A. R. S. Ross, and
J. T. Cullen, J. Anal. At. Spectrom., 2018, 33, 304-313.
https://doi.org/10.1039/c7ja00237h

S. W. Smith, N. Hanks, P. A. Creed, K. Kovalcik, R. A. Wilson,
K. Kubachka, J. A. Brishin, J. L. Figueroa, and J. T. Creed, J. Anal.
At. Spectrom., 2019, 34, 2094-2104.
https://doi.org/10.1039/c9ja00086k

S. Xing, W. C. Zhang, J. X. Qiao, and X. L. Hou, Talanta, 2018,
187, 357-364. https://doi.org/10.1016/j.talanta.2018.05.051

L. C. Zhu, X. L. Hou, and J. X. Qiao, Anal. Chem., 2020, 92, 7884-
7892. https://doi.org/10.1021/acs.analchem.0c01153

S. Diez-Fernandez, H. Jaegler, C. Bresson, F. Chartier, O. Evrard,
A. Hubert, A. Nonell, F. Pointurier, and H. Isnard, Talanta, 2020,
206, 120221. https://doi.org/10.1016/j.talanta.2019.120221

Y. B. Zhu, K. Nakano, and Y. Shikamori, Anal. Sci., 2018, 34,
681-685. https://doi.org/10.2116/analsci.17SBP0O1

www.at-spectrosc.com/as/article/pdf/2021710

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49.

B. P. Jackson, J. Anal. At. Spectrom., 2018, 33, 897-900.
https://doi.org/10.1039/c8ja00073e

X. L. Hou, W. C. Zhang, and Y. Y. Wang, Anal. Chem., 2019, 91,
11553-11561. https://doi.org/10.1021/acs.analchem.9b01347

F. M. Waersted, K. A. Jensen, E. Reinoso-Maset, and L. Skipperud,
Anal. Chem., 2018, 90, 12246-12252.
https://doi.org/10.1021/acs.analchem.8b03494

O. Klein, T. Zimmermann and D. Profrock, J. Anal. At. Spectrom.,
2021, 36, 1524-1532, https://doi.org/10.1039/d1ja00088h

Y. B. Zhu, K. Nakano, Y. Shikamori and A. Itoh,
Spectrochim. Acta B, 2021, 179, 106100,
https://doi.org/10.1016/j.sab.2021.106100

R. G. de Vega, S. Goyen, T. E. Lockwood, P. A. Doble, E. F. Camp,
and D. Clases, Anal. Chim. Acta, 2021, 1174, 338737,
https://doi.org/10.1016/j.aca.2021.338737

A. Mitra, . S. Sen, C. Walkner and T. C. Meisel, Spectrochim. Acta
B, 2021, 177, 106052, https://doi.org/10.1016/j.sab.2020.106052

X. Z. Zhou and H. W. Liu, Spectrosc. Spect. Anal., 2018, 38,
3567-3571. https://doi.org/10.3964/j.issn.1000-0593(2018)11-3567-
05

L. Fu, H. L. Xie, J. H. Huang, and L. Chen, Biol. Trace Elem. Res.,
2021, 199, 769-778. 10.1007/s12011-020-02175-y

L. Fu, S. Y. Shi, Food Chem., 2019, 299, 125172.
https://doi.org/10.1016/j.foodchem.2019.125172

H. W. Liu and X.-D. Nie, Spectrosc. Spect. Anal., 2018, 38,
3923-3928.
https://doi.org/10.3964/j.issn.1000-0593(2018)12-3923-06

B. Jiang and J.-H. Huang, Spectrosc. Spect. Anal., 2018, 38,
2937-2942.
https://doi.org/10.3964/j.issn.1000-0593(2018)09-2937-06

L. Fu, H. L. Xie, and S. Y. Shi, Anal. Bioanal. Chem., 2018, 410,
3769-3778. https://doi.org/10.1007/s00216-018-1040-8

C. B. Williams and G. L. Donati, J. Anal. At. Spectrom., 2018, 33,
762-767. https://doi.org/10.1039/c8ja00034d

J. Kruszewska, J. Sikorski, J. Samsonowicz Gorski, and
M. Matczuk, Anal. Bioanal. Chem., 2020, 412, 8145-8153.
https://doi.org/10.1007/s00216-020-02948-3

N. D. Fletcher, B. T. Manard, S. C. Metzger, B. W. Ticknor,
D. A. Bostick, and C. R. Hexel, J. Radioanal. Nucl. Chem., 2020,
324, 395-402. https:// doi.org/10.1007/s10967-020-07057-0

Z.P.Yang, S. E. Jackson, L. J. Cabri, P. Wee, H. P. Longerich, and
M. Pawlak, J. Anal. At. Spectrom., 2020, 35, 534-547.
https://doi.org/10.1039/c9ja00285e

K. J. Hogmalm, 1. Dahlgren, I. Fridolfsson, and T. Zack,
Miner. Depos., 2019, 54, 821-828.
https://doi.org/10.1007/s00126-019-00889-1

S. E. Gilbert and S. Glorie, J. Anal. At. Spectrom., 2020, 35,
1472-1481. https://doi.org/10.1039/d0ja00224k

H. Jaegler, A. Gourgiotis, P. Steier, R. Golser, O. Diez, and

C. Cazala, Anal. Chem., 2020, 92, 7869-7876.
https://doi.org/10.1021/acs.analchem.0c01121

X. M. Liu, S. F. Dong, Y. H. Yue, Q. Y. Guan, Y. L. Sun,

S. S. Chen, J. Y. Zhang, and Y. B. Yang, Rapid Commun. Mass
Spectrom., 2020, 34, €8690. https://doi.org/10.1002/rcm.8690

V. Balaram, Rapid Comm. Mass Spectrom., 2021, 35, 9065,
https://doi.org/10.1002/rcm.9065

L. Fu, S. Y. Shi, and J. C. Ma, Chin. J. Anal. Chem., 2019, 47,
1382-1389. https://doi.org/10.19756/j.issn.0253.3820.191232

L. Fu, F. X. Zhao, H. Y. Wang, H. Z. Wang, T. Chen, J. H. Xu,

At. Spectrosc. 2021, 42(6), 299-309



50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

B. Li, and H. L. Xie, Spectrosc. Spect. Anal., 2018, 38, 3572-3577.
https://doi.org/10.3964/j.issn.1000-0593(2018)11-3572-06

L. Fu, S. Y. Shi, Y. G. Tang, and H. Y. Wang, Spectrosc. Spect.
Anal., 2018, 38, 2588-2594.
https://doi.org/10.3964/j.issn.1000-0593(2018)08-2588-07

L. Fu, S. Y. Shi, X. Q. Chen, and H. L. Xie, Microchem. J., 2018,
139, 236-241. https://doi.org/10.1016/j.microc.2018.03.002

L. Fu, H. L. Xie, S. Y. Shi, and X. Q. Chen, Spectrochim. Acta B,
2018, 144, 1-6. https://doi.org/10.1016/j.sab.2018.03.001

L. Fu, S. Y. Shi, and X. Q. Chen, Chin. J. Anal. Chem., 2018, 46,
107-112. https://doi.org/10.11895/j.issn.0253.3820.171061

A. Rua-lbarz, E. Bolea-Fernandez, G. Pozo,

X. Bominguez-Benetton, R. Vanhaecke, and K. Tirez, J. Anal. At.
Spectrom., 2020, 35, 2023-2032.
https://doi.org/10.1039/D0JA00183J

J. Kruszewska, J. Sikorski, J. Samsonowicz-Gorski, and
M. Matczuk, Anal. Bioanal. Chem., 2020, 412, 8145-8153.
https://doi.org/10.1007/s00216-020-02948-3

E. Bolea-Fernandez, D. Leite, A. Rua-lbarz, T. Liu, G. Woods,
M. Aramendia, M. Resano, and F. VVanhaecke, Anal. Chim. Acta,
2019, 1077, 95-106. https://doi.org/10.1016/j.aca.2019.05.077

C. Jones, E. Soffey, and M. Kelinske, Spectroscopy, 2019, 34, 10-20.
https://iwww.spectroscopyonline.com/view/rapid-multielement-
nanoparticle-analysis-using-single-particle-icp-msms

L. Fu, H. L. Xie, J. H. Huang, X. H. Chen, L. Chen,

Spectrochim. Acta B, 2021, 181, 106217,
https://doi.org/10.1016/j.sab.2021.106217

S. M. Mo, L. H. Zhu, A. C. Li, N. Li, X. F. Chen,
Chin. J. Anal. Chem., 2021, 49, 246-252,
https://doi.org/10.19756/j.issn.0253-3820.201404

T. P. Li, A. Y. Li, Spectrosc. Spect. Anal., 2021, 41, 618-623,
https://doi.org/10.3964/j.issn.1000-0593(2021)02-0618-06

T. Suzuki, T. Yamamura, C. Abe, K. Konashi, and Y. Shikamori,
J. Radioanal. Nucl. Chem., 2018, 318, 221-225.
https://doi.org/10.1007/s10967-018-6095-7

M. G. Miranda, B. Russell, and P. Ivanov,
J. Radioanal. Nucl. Chem., 2018, 316, 831-838.
https://doi.org/10.1007/s10967-018-5764-x

P. Petrov, B. Russell, D. N. Douglas, and H. Goenaga-Infante,
Anal. Bioanal. Chem., 2018, 410, 1029-1037.
https://doi.org/10.1007/s00216-017-0635-9

S. Xing, M. Y. Luo, Y. Wu, D. Q. Liu, and X. X. Dai,

J. Anal. At. Spectrom., 2019, 34, 2027-2034.
https://doi.org/10.1039/c9ja00209j

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

7.

78.

79.

80.

L.Y.D Tiongand S. M. Tan, J. Radioanal. Nucl. Chem., 2019, 322,
399-406. https://doi.org/10.1007/s10967-019-06695-3

P. E. Warwick, B. C. Russell, W. Croudace, and Z. Zacharauskas,
J. Anal. At. Spectrom., 2019, 34, 1810-1821.
https://doi.org/10.1039/c8ja00411k

Y. Y.Wang, X. L. Hou, W. C. Zhang, L. Y. Zhang, Y. K. Fan,
Talanta, 2021, 224, 121882,
https://doi.org/10.1016/j.talanta.2020.121882

L. C. Zhu, X. L. Hou, J. X. Qiao, Talanta, 2021, 226, 122121,
10.1016/j.talanta.2021.122121

W. Wang, R. D. Evans, K. Newman, R. Khokhar, Talanta, 2021,
222,121488, https://doi.org/10.1016/j.talanta.2020.121488

W. Wang, R. D. Evans, H. E. Evans, Talanta, 2021, 233, 122507,
10.1016/j.talanta.2021.122507

V. K. Do, T. Furuse, E. Murakami, R. Aita, Y. Ohta, and S. Sato,
J. Radioanal. Nucl. Chem., 2021, 327, 543-553.
https://doi.org/10.1007/s10967-020-07503-z

K. Harouaka, E. W. Hoppe, and I. J. Arnquist, J. Anal. At. Spectrom.,
2020, 35, 2859-2866. https://doi.org/10.1039/D0JA00220H

Q. He, J. J. Wu, S. C. Zhang, X. Fang, Z. Xing, C. Wei, and
X.-R. Zhang, J. Anal. At. Spectrom., 2018, 33, 563-568.
https://doi.org/10.1039/c7ja00345e

E. Bolea Fernandez, A. Rua lbarz, M. Resano, and F. VVanhaecke,
J. Anal. At. Spectrom., 2021, 36, 1135-1149,
https://doi.org/10.1039/d0ja00438c

N. Yamada and J. Takahashi, Bunseki Kagaku, 2018, 67, 249-279.
https://doi.org/10.2116/bunsekikagaku.67.249

J. Carcia Bellido, L. Freije-Carrelo, M. Moldovan, and J. R. Encinar,
TRAC Trends Anal. Chem., 2020, 130, 115963.
https://doi.org/10.1016/j.trac.2020.115

B. Klencsar, S. W. Li, L. Balcaen, and F. Vanhaecke, TRAC Trends
Anal. Chem., 2018, 104, 118-134.
https://doi.org/10.1016/j.trac.2017.09.020

N. Sugiyama and K. Nakano, “Reaction data for 70 elements using
02, NH3 and H2 gases with the Agilent 8800 Triple Quadrupole
ICP-MS”, Agilent Technical Note, 2014, No. 5991-4585EN.
https://iwww.agilent.com/cs/library/technicaloverviews/public/5991-
4585EN_TechNote8800_ICP-QQQ_reactiondata.pdf

Y. Kominami and Y. Suzuki, Bunseki Kagaku, 2017, 66, 825-837.
https://doi.org/10.2116/bunsekikagaku.66.825

“Agilent 8800 Triple Quadrupole ICP-MS: Understanding oxygen
reaction mode in ICP-MS/MS”, Agilent Technical Overview, 2012,
No. 5991-1708EN.
https://www.agilent.com/cs/library/technicaloverviews/public/5991-
1708EN_TechOverview_ICP-MS_8800_ORS_mode.pdf

www.at-spectrosc.com/as/article/pdf/2021710

309

At. Spectrosc. 2021, 42(6), 299-309





