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In order to evaluate the detection capability of a high power
N,-MIP (surface wave mode cavity) for AES and MS, a
comparison of the detection limits between high power
N,-MIP-AES and Ar-ICP-AES was conducted under almost
the same plasma operating conditions and with the same
measurement systems. Moreover, a comparison of the
detection limits between high power N,-MIP-MS and
Ar-ICP-MS was also carried out under optimum operating
conditions for each instrument. The detection limits (36) were
established as the detection capability for both plasma systems
using a total of 55 wavelengths (atom and ion lines) for 21
elements for AES and a total of 38 m/z values for 22 elements
for MS. The detection limits obtained for N,-MIP-AES
(0.4-3000 ng ml~') were from one to two orders of magnitude
worse than those for Ar-ICP-AES. On the other hand, the
detection limits for N,-MIP-MS (1-3600 pg ml ') were
almost the same or one order of magnitude worse than those
for Ar-ICP-MS. The detection capability of a high power
N,-MIP was evaluated both from results in this work and
from those given previously.
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Recently, AES and MS combined with an Ar-ICP source have
been applied to various fields as methods of trace element
analysis."'> However, the Ar-ICP has several limitations, for
example, polyatomic ions related to the plasma sustained in
Ar gas interfere with the analytes in MS. In order to remove
these limitations, plasma sources sustained by gases other than
Ar or mixed gases with Ar have been developed and investi-
gated by several workers. For example, He-ICP,'3'7 N,-ICP,'®
0,-ICP,"® Air-ICP,*° Ar-N,-ICP,>'3! Ar-O,-ICP,?325:32737
Ar—air-ICP,*® Ar-H,-ICP,”” and several types of MIPs3"*?
have been examined for this purpose.

A high power MIP source using an Okamoto cavity
(2.45 GHz, maximum 1.5 kW) can be sustained by He, N, and
air at atmospheric pressure. The plasma is doughnut shaped
just the same as the Ar-ICP and it enables the introduction of
sample aerosols to be made directly into the center of the
plasma.***** When N, is used for the plasma sustaining gas,
interferences due to Ar associated species such as “°Ar'°O*,
4Ar33Cl* and “°Ar,* do not occur in MS, thus the primary
isotopes *°Fe*, As+ and %°Se™ can be used in determi-
nations.*>*® Furthermore, the running costs become lower
than those of an Ar-ICP. From these advantages mentioned
above, it is expected that a high power MIP source would be
applicable to various areas of trace element analysis, instead
of the Ar-ICP source. However, there have been few reports
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of both AES and MS using this source.*’>° The purpose of
the present work is to evaluate the detection capability of a
high power N,-MIP for both AES and MS.

EXPERIMENTAL
Instrumentation

The instrumentation used for the AES work has been described
in a previous paper’' and the instruments for N,-MIP-MS
and Ar-ICP-MS were a P-6000 (Hitachi, Ibaraki, Japan) and
an HP-4500 (Yokogawa Analytical Systems, Tokyo, Japan),
respectively. The plasma operating conditions and the measure-
ment systems for N,-MIP-AES and Ar-ICP-AES are summar-
ized in Table 1. In the present work, both plasma sources were
operated under almost the same conditions. The detection
limits were measured under the same measurement systems
with a PMT (Model R919, Hamamatsu Photonics,
Hamamatsu, Japan). The plasma operating conditions and
measurement systems for N,-MIP-MS and Ar-ICP-MS are
summarized in Table 2. For MS the detection limits were
measured under optimum operating conditions for each plasma
and using much the same measurement conditions (inte-
gration time).

Reagents

Standard solutions (1000 ug ml~') for each element were pur-
chased from Kanto Chemical Co. (Tokyo, Japan). Sample
solutions were prepared by serially diluting the standard
solutions with 0.1 mol1~! HNQj; solution. The HNO; used
was 68% of high purity grade (Kanto Chemical Co.), and the
water used was Milli-Q purified water that was prepared by
further purification of de-ionized water by a Milli-Q system
(Milli-Q SP ICP-MS, Millipore, Tokyo, Japan).

Procedures to determine detection limits

In order to determine the detection limits (3c) for AES, the
spectral line intensity of the standard solutions and the back-
ground intensity of the blank solution (0.1 mol 1-! HNO,) were
recorded on a chart recorder through the low pass filter (less
than 5 Hz) with 96 decibel/octave. The peak-to-peak variation
of the background intensity recorded on a chart recorder was
considered to be 50. For MS, the measurement of standard
solutions was repeated three times and the measurement of the
blank solution (0.1 mol 1~ HNO,) was repeated ten times. The
1o value was obtained from the variation of the blank signals.
The detection limits were calculated as the concentration which
produced a signal equal to 3o for both AES and MS.

Selection of analytical wavelengths and analytical masses

The analytical wavelengths were chosen so as to obtain the
highest signal to background ratio for Ar-ICP-AES.5?
Additional wavelengths were also chosen which have low
excitation energies and are not overlapped by nitrogen related
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Table 1 Operating conditions and measurement parameters for N,-
MIP-AES and Ar-ICP-AES

Parameter N,-MIP Ar-ICP
Plasma source—
Frequency 2.45 GHz 27.12 MHz
Incident power 1.3 kW 1.3 kW
Outer gas 11.01 min~! 16.0 1 min !
Intermediate gas — 1.0 1 min~*
Aerosol carrier gas 1.0 1 min~* 1.0 1 min~*
Uptake rate 1.6 ml min ! 1.6 ml min !
Monochromator—
Focal length Im
Grating 2400 grooves mm !
Slit height 2 mm
Slit width 50 pm
Detector—
Photomultiplier tube RI19

background spectra, for N,-MIP-AES. The m/z values were
chosen so that no interferences were caused by the plasma
sustaining gases and also to represent high isotopic abundances
for both N,-MIP-MS and Ar-ICP-MS, respectively.

RESULTS AND DISCUSSIONS

Comparison of the detection limits between high power N,-
MIP-AES and Ar-ICP-AES

The obtained detection limits (3c) for the full 55 wavelengths
for 21 elements are shown in Table 3(a)—(d) for both high
power N,-MIP-AES and Ar-ICP-AES. The 21 elements are
classified into four groups depending on the ionization energy.
Table 3(a) shows the detection limits (DL) for the elements
with an ionization energy of less than 7.0 eV for both plasmas.
The detection limits range from 1 to 300ngml~' for the
N,-MIP and from 0.1 to 70 ng ml~! for the Ar-ICP.

As shown in a previous paper,®' the elements with an
ionization energy below 7.0 eV are ionized almost 100% in
both plasmas. In other words, excited analyte ions of these
elements prevail in both plasmas. Therefore, it is concluded
that the detection limits of ion lines are better than those of
atom lines in both plasmas. It can be expected that the spectral
line intensity of an ion becomes larger with an increase in
plasma temperature. Hence, it can be expected that the detec-
tion limits of the Ar-ICP would be better than those of the
N,-MIP, because the temperature of the Ar-ICP (7500 K) is
higher than that of the N,-MIP (5400 K).>! From the ratios

Table 2 Operating conditions and measurement parameters for N,-
MIP-MS and Ar-ICP-MS

Parameter N,-MIP Ar-ICP
Plasma source—
Frequency 2.45 GHz 27.12 MHz
Incident power 1.3 kW 1.3 kW
Outer gas 1501 min~! 15.0 1 min~!
Auxiliary gas — 1.0 min~!
Aerosol carrier gas 1.31min"*! 1.2 1 min~!
Uptake rate 0.31min~! 0.35 ml min !
Mass spectrometer—
Mass filter Quadrupole Quadrupole
Measurment mode Peak hopping Peak hopping
Integration time per m/z 3.3 s 33s
Repetition of sample 3 times 3 times
Repetition of blank 10 times 10 times
Detector— Channeltron Electron multiplier

4870V AF 573 (M 67)

Galileo Electr-Optics ETP

of the detection limits, the detection limits of N,-MIP-AES
are 1-12 and 5-8 fold worse than those obtained by Ar-ICP-
AES for atom (MIP/ICP of atom line) and ion lines (MIP/ICP
of ion line), respectively. Scrutiny reveals that the detection
limit of N,-MIP-AES for Cr II with an excitation energy of
6.03 eV is exceptionally worse (about 60-fold higher) than that
of Ar-ICP-AES. From this result, it is considered that the N,-
MIP has lower tolerance to excite elements with a high
excitation energy compared with the Ar-ICP. This fact is also
attributed to the difference in temperatures between the N,-
MIP and the Ar-ICP. From the ratios of the optimum detection
limits, it can be concluded that the detection capability of N,-
MIP-AES is 1-10 fold lower than that of Ar-ICP-AES.

The detection limits for the elements with an ionization
energy between 7.0 and 7.5 eV are shown in Table 3(b). The
detection limits range from 10 to 3000 ng ml~! for the N,-
MIP and from 0.5 to 350 ng ml~! for the Ar-ICP. As shown
in a previous paper,’! the degree of ionization for these
elements is 80-90% in the N,-MIP and almost 100% in the
Ar-ICP. Therefore, the detection limits of ion lines are better
than those of atom lines for both plasmas. It can be seen that
the detection limits for Ar-ICP-AES are better than those for
N,-MIP-AES, just as shown by the results in Table 3(a). It is
also considered that the reason is attributed to the difference
in temperature in the two plasmas. The ratios of the detection
limits for N,-MIP-AES are 0.5-10- and about 20-fold worse
than those for Ar-ICP-AES for atom and ion lines, respectively.
Because the ion lines of Pb, Sn and Mo have relatively high
excitation energies (7.37, 7.05 and 6.13 eV, respectively), the
detection limits of ion lines for N,-MIP-AES are extremely
bad compared with those for Ar-ICP-AES. On the contrary,
in the case of Ar-ICP-AES, the detection limits for Pb II, Sn
IT and Mo II are better than those of the atom lines. From
these results, it is also considered that the N,-MIP has lower
tolerance to excite elements with a high excitation energy
compared with the Ar-ICP. In addition, from the ratios of the
optimum detection limits, it can be concluded that the detection
capability of N,-MIP-AES is 1-18-fold lower than that of
Ar-ICP-AES.

The detection limits for the elements with an ionization
energy between 7.5 and 8.0 eV are shown in Table 3(c). The
detection limits range from 2 to 2000 ng ml~! for N,-MIP-
AES and 0.1 to 1000 ng ml~! for Ar-ICP-AES. As shown in a
previous paper,®! the degrees of ionization for these elements
are in the range from 50 to 80% in the N,-MIP and from 90
to 95% in the Ar-ICP. In general, the ion lines for the elements
with high ionization energy tend to have a high excitation
energy. In N,-MIP-AES, therefore, the detection limits for Co
II, Cu II, Ni II and Ag II with high excitation energies are
worse than those of atom lines. From these results, it is seen
that the N,-MIP does not have enough energy to excite an
element with an excitation energy of more than 5.5eV.
However, the detection limits for Fe II and Mg II with
relatively low excitation energy are better than those of the
atom lines. On the other hand, the detection limits of the
Ar-ICP for both atom and ion lines are better than those of
N,-MIP-AES. From the ratios of the optimum detection limits,
it can be concluded that the detection capability of N,-MIP-
AES is 1-10-fold lower than that of Ar-ICP-AES.

In Table 3(d) are shown the detection limits for elements
with an ionization energy of more than 8.0 eV. The observed
detection limits are 30-2000 ng ml~! for N,-MIP-AES and
2-110ng ml~! for Ar-ICP-AES. As shown in a previous
paper,”! the degrees of ionization of these elements are in the
range from 0.3 to 25% in the N,-MIP and from 15 to 85% in
the Ar-ICP. Because the excitation energy becomes higher
with an increase in the ionization energy of the elements, the
detection limits of atom lines are better than those of ion lines
in both plasmas. The excited analyte atoms prevail compared
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with excited analyte ions, therefore, the spectral line intensity
of atoms becomes higher than that of ions. From the ratios of
the optimum detection limits, it can be concluded that the
detection capability of N,-MIP-AES is 7-25-fold lower than
that of Ar-ICP-AES.

It can be seen that the difference in detection capability
between N,-MIP-AES and Ar-ICP-AES, which is shown in
Table 3(d), is larger than that shown in Table 3(a)—(c). The
ratio of the detection limits of N,-MIP to Ar-ICP as a function
of an ionization plus excitation energy for both atom and ion
lines is shown in Fig. 1. The differences in capabilities to excite
various elements can be evaluated for both plasmas. From
Fig. 1, it is clear that the detection limits of ion lines for N,-
MIP-AES are 10-100-fold worse than those for Ar-ICP-AES
with an ionization plus excitation energy of greater than
12.5eV. In other words, the N,-MIP does not have enough
energy to excite ion lines with an ionization plus excitation
energy of more than 12.5¢V. For atom lines, however, the
difference is small and the detection limits are 1-25-fold worse
than those of the Ar-ICP. Because the temperature of the N,-
MIP is lower than that of the Ar-ICP,>! the number density
of excited analyte atoms is prevalent in the N,-MIP compared
with in the Ar-ICP. This effect reduces the difference in
emission intensity of atom lines between the N,-MIP and
the Ar-ICP.

Shown in Fig. 2 are the ratios of the optimum detection
limits for the N,-MIP and the Ar-ICP as a function of
ionization energy of the elements. It is clear from Fig. 2 that
the detection limits for N,-MIP-AES are 1-10- and 7-25-fold
worse than those for Ar-ICP-AES for elements with an ioniz-
ation energy of less than 8.0 and more than 8.0 eV, respectively,
as mentioned above. Therefore, it can be assumed that the N,-
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Fig.1 Ratio of the detection limits of N,-MIP-AES to Ar-ICP-AES

as a function of the ionization plus excitation energy (eV) using atom
and ion lines. @, ratio of atom lines; and O, ratio of ion lines.
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Ratio of the optimum detection limits
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Fig.2 Ratio of the optimum detection limits of N,-MIP-AES to
Ar-ICP-AES as a function of the ionization energy (eV) of elements.

MIP has difficulty in exciting elements with an ionization
energy of more than 8.0 eV compared with the Ar-ICP. These
experimental results can be explained by the shift in ionization
equilibrium and the difference in temperature between the N,-
MIP and the Ar-ICP.

Effects of background spectra for AES

It is considered that the main reason for the difference in
detection limits between N,-MIP-AES and Ar-ICP-AES is
attributed to the difference in the plasma temperature.
However, the detection limit is not only determined by the
emission intensity but also by the background emission inten-
sity. For example, for Pb I (405.8 nm) in Table 3(b) and Co I
(345.4 nm) in Table 3(c), the detection limits for N,-MIP-AES
are better than those for Ar-ICP-AES. The experimental results
can be explained by the background effects. The background
around the analytical lines of Pb I (405.8 nm) and Co I
(345.4 nm) of the N,-MIP are simple compared with that of
the Ar-ICP, which was shown in a previous paper.®! The
difference in the background is attributed to the plasma
sustaining gases of the N,-MIP and the Ar-ICP. The Ar-ICP
has a background of continuum emission, whereas in N,-MIP-
AES, there is no background of continuum emission although
there are large N, related molecular bands. As the background
emission intensity influences the detection limits, the best
analytical line of the analyte should be chosen for AES.

Comparison of detection limits between high power N,-
MIP-MS and Ar-ICP-MS

The detection limits obtained (3c) for the full 38 m/z values
for 22 elements are shown in Table 4(a)—(c) for both high power
N,-MIP-MS (P-6000) and Ar-ICP-MS (HP-4500). The 22
elements are classified into three groups depending on the
ionization energy of each element. The detection limits for the
elements with an ionization energy of less than 7.0 eV are
shown in Table 4(a). The detection limits are 1-1000 and
0.5-100 pgml~! for N,-MIP-MS and Ar-ICP-MS, respect-
ively, except for *Ca*. As shown in a previous paper,®!
elements with an ionization energy of less than 7.0 eV are
ionized almost 100% in both plasmas. Therefore, the detection
limits for both plasma MS instruments should be almost the
same. However, it is shown from the ratio of detection limits
(MIP/ICP), that the detection limits for **Na*, 2’Al* and
3Cr* for N,-MIP-MS were about 6—10-fold worse than those
for Ar-ICP-MS. It is considered that the differences in the
detection limits for *Na* and 2’Al* were caused by the
polyatomic ions of ''B!2C* and ''"B'®O", respectively. The
HB* is probably due to the spray chamber, and 2C* and
160" are from the Ar gas, air entrainment and sample solutions.
Moreover, if the sampling cone is polluted by boron, there is
a possibility boron associated polyatomic ions will exist in the
background signal. Furthermore, it was also considered that
the blank solution of 0.1 mol 1~ HNO; may be contaminated
by boron from the glass flask.

For Cr, the detection limit of >>Cr* was better than 3*Cr*
in N,-MIP-MS. On the contrary, the detection limit of 3*Cr*
was worse than 33Cr* in Ar-ICP-MS. As the isotopic abun-
dance of 32Cr™ (83.79%) is higher than >3Cr* (9.501%), the
detection limit of >Cr™ should be better than that of 33Cr*.
Because the polyatomic ion of “°Ar!2C* interfered with 3>Cr*,
the detection limit for 2Cr* was worse than that of >Cr™ in
the case of Ar-ICP-MS.

It is shown that a detection limit for “°Ca* was not obtained
by Ar-ICP-MS, because “°Ca* was suffered from interference
from “°Ar™. Therefore the determination of *Ca* was per-
formed in Ar-ICP-MS instead of “°Ca™. However, the detec-
tion limit obtained was very bad (1400 pg ml~!) because the
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Table 4 Detection limits (30)

Detection limit/

pgml™!
Tonization MIP/ICP
energy/ N,-MIP-MS Ar-ICP-MS under
Element m/z eV (P-6000) (HP-4500) MIP/ICP optimum
(a) Elements with ionization energy less than 7.0 eV—
Na 23 5.139 4.7 0.79 5.9 5.9
Al 27 5.986 850 120 7.1 7.1
Ca 40 6.113 46 — — 0.03
43 — 3600 1400 2.6 —
A% 51 6.740 1.2 0.49 24 2.4
Cr 52 6.766 11 14 0.8 2.5
53 — 45 4.5 10 —
Ti 48 6.820 5.5 34 1.6 1.6
(b) Elements with ionization energy between 7.0 and 8.0 eV—
Mo 98 7.099 4.6 0.83 5.5 5.5
Sn 118 7.344 44 0.62 7.1 7.6
119 — 4.6 0.58 7.9 —
120 — 34 2.2 1.5 —
Pb 206 7.416 5.1 1.3 39 2.6
208 — 2.6 1.9 1.4 —
Mn 55 7.435 2.6 1.3 2.0 2.0
Ag 107 7.576 6.0 1.7 3.5 2.4
109 — 3.8 1.6 24 —
Ni 60 7.635 6.8 20 34 34
Mg 24 7.646 3.7 2.6 1.4 1.4
Cu 63 7.726 12 9.0 1.3 1.3
65 — 22 11 2.0 —
Co 59 7.860 1.4 0.19 7.4 7.4
Fe 54 7.870 24 170 0.14 0.03
56 — 54 900 0.006 —
57 — 45 240 0.19 —
(c) Elements with ionization energy more than 8.0 eV—
Sb 121 8.639 42 2.6 1.6 1.6
123 — 53 43 1.2 —
Cd 111 8.993 5.6 3.5 1.6 33
112 — 7.0 1.7 4.1
114 — 7.0 20 3.5 —
Zn 64 9.394 28 5.5 5.1 5.0
66 — 36 6.9 52 —
Se 77 9.752 400 33 12 2.4
78 — 170 170 1.0
80 — 78 — — —
82 — 120 41 3.0 —
As 75 9.810 79 4.1 19 19
P 31 10.486 — 200 — —

isotopic abundance of **Ca™ is very low (0.135%). On the
contrary, using N,-MIP-MS “°Ca™ could be observed and the
detection limit obtained was better (46 pg ml~') than that for
“Ca* by Ar-ICP-MS. However, because the isotopic abun-
dance of ¥*Ca™ is very low as mentioned above, the detection
limit for ¥*Ca* in N,-MIP-MS was worse (3600 pgml~')
compared with that of Ar-ICP-MS. From this result, it is
suggested that N,-MIP-MS is very useful for the determination
of trace amounts of Ca compared with Ar-ICP-MS.

From the ratios of the optimum detection limits (MIP/ICP
under optimum) it can be seen that the detection limits of the
elements with an ionization energy of less than 7.0 eV were
almost the same or only 2-3-fold higher in N,-MIP-MS
compared with those of Ar-ICP-MS, except for ?Na* and
27A1 + .

In Table 4(b) are shown the detection limits of elements with
an ionization energy of between 7.0 and 8.0 eV. The detection
limits ranged from 3 to 50 and 0.2 to 900 pgml~' in N,-
MIP-MS and Ar-ICP-MS, respectively. As shown in a previous
paper,®! these elements are 50-90% ionized in the N,-MIP
and more than 90% in the Ar-ICP. It is expected from the
differences in the degrees of ionization that the detection limits
for N,-MIP-MS should be almost the same or 2—3-fold worse
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than those for Ar-ICP-MS. From Table 4(b), it can be seen
that the obtained detection limits for Fe in Ar-ICP-MS were
very bad compared with those of N,-MIP-MS. It is considered
that the reason for this was caused by Ar associated polyatomic
ions of ““Ar'“N*, 4°Ar'®O* and “°Ar'®*OH™*. Whereas, the
detection limits obtained for *Fe*, *Fe* and *"Fe® in N,-
MIP-MS were good, because the polyatomic ion interferences
at the m/z 54, 56 and 57 were not observed in N,-MIP-MS. It
is also seen from the ratios of the optimum detection limits of
Table 4(b) that the detection limits for N,-MIP-MS were
1-8-fold worse compared with those for Ar-ICP-MS, except
for Fe. In particular, it can be stressed that high power N,-
MIP-MS shows an excellent advantage for the determination
of trace levels of Fe compared with Ar-ICP-MS.

The detection limits of elements with an ionization energy
of more than 8.0 eV are shown in Table 4(c). The detection
limits ranged from 4 to 400 and 2 to 200 pgml~! for N,-
MIP-MS and Ar-ICP-MS, respectively. As shown in a previous
paper,’! the degrees of ionization of these elements are in the
range 0.3-25% in the N,-MIP and 15-85% in the Ar-ICP.
Therefore, it is expected that the detection limits obtained for
N,-MIP-MS become about one order of magnitude worse
than those for Ar-ICP-MS. The differences in the detection
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limits obtained were in the range 1-20-fold between N,-
MIP-MS and Ar-ICP-MS. However, if 7’Se® and 7As™ are
excluded, it is shown that the detection limits for N,-MIP-MS
are almost the same or 2-5-fold worse compared with those
for Ar-ICP-MS for elements with an ionization energy of less
than about 9.5 eV.

One of the merits of N,-MIP-MS is that Se can be measured
using the primary isotope without any interferences. Because
the polyatomic ion of “°Ar,* interferes at m/z 80, the determi-
nation of Se with the primary isotope is impossible by
Ar-ICP-MS. As shown from ratios of the optimum detection
limits the detection limit for Se in N,-MIP-MS was about
2-fold worse than that of Ar-ICP-MS.

From the ratios of the optimum detection limits (MIP/ICP
under optimum), the differences in the detection limits obtained
were in a range of from 1 to 20-fold between N,-MIP-MS and
Ar-ICP-MS, which is just the same as the ratios of the detection
limits (MIP/ICP). It is noted that *'P* was not determined
by N,-MIP-MS, because the polyatomic ion of “N'OH?*
caused by the N, plasma sustaining gas, air entrainment and
sample solution seriously interfere at m/z 31.

The ratios of calculated degrees of ionization of the Ar-ICP
to the N,-MIP for each element as a function of ionization
energy are shown in Fig. 3. The values were calculated using
the plasma temperature and the electron number density
described in a previous paper.’! The experimentally obtained
detection limit ratios of N,-MIP-MS to Ar-ICP-MS at the
same mass (MIP/ICP) is shown in Fig. 4. These plotted data
are the elements without any serious intereferences due to
polyatomic ions caused by the plasma sustaining gases for
each plasma source. It is seen that the theoretical ionization
ratio values show the same trend as experimentally obtained
detection limit ratio values.

40

w
(=]

10

Ratio of calculated ionization degrees
[ICO/MIP|
8

11

lonization energy/eV

Fig.3 Ratio of calculated degrees of ionization of the Ar-ICP to the
N,-MIP as a function of the ioniztion energy (eV) of elements.

From these results, it was confirmed that the differences in
the detection capabilities between N,-MIP-MS and
Ar-ICP-MS could be discussed in terms of the differences in
the plasma temperature and the electron number density of
the N,-MIP and the Ar-ICP, which has been described in a
previous paper.’!

CONCLUSIONS

It is concluded from the optimum ratios of the detection limits
that the detection capabilities of N,-MIP-AES are 1-10- and
7-25-fold lower than those of Ar-ICP-AES for the elements
with ionization energies of less than 8.0 and more than 8.0 eV,
respectively. On the other hand, the detection capabilities of
N,-MIP-MS are almost the same or 2—8-fold lower compared
with those of Ar-ICP-MS for analytes with an ionization
energies of less than 9.5 eV if serious spectral interferences do
not exist. However, for the elements with ionization energies
of more than 9.5 eV, the detection capability of N,-MIP-MS
is one order of magnitude lower than that of Ar-ICP-MS. The
N,-MIP-MS has an advantage for the determination of “°Ca™,
32Cr™, 5°Fe* and 8°Se™, using primary isotope abundances
without any spectral interferences due to Ar associated poly-
atomic ions. Because the background spectra influence the
detection capability of AES and MS, a judicious choice of the
analytical lines and m/z values is necessary for AES and MS,
respectively.

The authors thank Dr. Atsushi Tanaka at the National Institute
for Environmenal Studies and Dr. Toyoharu Okumoto and
Dr. Toshihiro Shirasaki at Hitachi for giving us the opportunity
to use the N,-MIP-MS instrument (P-6000).
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