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ABSTRACT

The analytical usefulness of combining the inductively coupled
argon plasma and the atomic fluorescence technique is described and
supported by several experimental results.
Many elements can be determined in a very large concentration
range by using the plasma as an excitation source for the atomic fluorescence in a flame or as an emission source whose lines of interest are
isolated by the flame acting as a resonance monochromator. The detection limits obtained in different flames are presented. Several analytical
problems where the conventional emission technique is plagued with
spectral or other similar interferences are shown here to be solved by
the proposed techniques in a very simple and reliable manner.
INTRODUCTION

A number of publications have recently appeared in the literature
/1-4/ describing the use of an inductively coupled argon plasma (ICAP)
as an excitation source for the fluorescence of atoms in flames. The
plasma has also been shown to be useful for exciting the fluorescence of
molecules in the condensed phase / 5 / .
The use of an argon plasma as an excitation source for atomic fluorescence was first reported by Hussein and Nickless /6/ at the time
when further developments and improvements of the source were warranted, and that might explain the relatively poor detection limits obtained. The results already published / 2 4 / and those recently obtained
in our laboratory /7-9/ in a selected number of applications show, in
our opinion, that the techniques described below are indeed useful and
worthy of further investigation.
The aim of this paper is to describe both theoretically and experimentally the combined use of a plasma and a separate atomizer for the
analysis of metals in different matrices at concentration levels ranging
from trace (ng c m - 3 ) to percentage. We shall emphasize two techniques:
(i) conventional atomic fluorescence excited by the plasma, which
therefore acts as an excitation source (referred to as the ICP-AF technique). In this case, a high concentration of the sought element is constantly aspirated into the plasma while the sample is atomized in a
separated air acetylene flame or in another suitable atomizer; (ii) conventional plasma emission analyzed by a resonance monochromator
(hereby referred t o as the ICP-RM technique). In this case, the sample is
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introduced into the plasma while a constant concentration of the
sought element is aspirated in a flame or another suitable atomizer, the
resulting fluorescence being analyzed by the usual combination of a
high luminosity monochromator and a photomultiplier-detector.
We will try to assess the relative merits and disadvantages of these
techniques, to offer some perspective comments on their potential
analytical utility and to indicate where further improvements are
needed.
THE ICP-AF TECHNIQUE

Obviously, this represents nothing more than the conventional fluorescence technique where the ICP replaces the excitation source. So,
all inherent merits and drawbacks of the method /• 10/ are still present.
However, because of the plasma source, some peculiar features are now
evident and are outlined below.
a) because of the very high detection power for most elements, resulting in emission detection limits in the ng cm" 3 range, the ICP is more
versatile than any other conventional excitation source. Indeed, it is
well known that reliable sources for several elements are still lacking
intensity and reproducibility of operation. In addition, the ICP is
remarkably free from self-absorption and self-reversal problems at
least at the heights of observation commonly used in the analytical
practice /1,11/. Because of this, high concentrations of the element
sought can be aspirated into the source up to the point where problems due to clogging of the nebulizer and/or of the torch prevent
any further increase in the emission intensity. The absence of selfabsorption clearly allows the optimum exploitation of the spectral
source irradiance, i.e., irradiance over the absorption profile of the
atoms in the atomizer. As clearly stated in most of the ICP emission literature /12-14/ the essential characteristics of the source lie
in its capability of providing such higher detection powers on a simultaneous basis.
One can, therefore, conclude that the ICP possesses the requisite
of being both a "line" as well as a " c o n t i n u u m " source of excitation
for atomic fluorescence. Indeed, the detection limits given by Montaser /4/ and obtained for 20 elements aspirated in the plasma
at a concentration of 1000 jug cm" 3 each, in general compare favorably with those obtained with single thermostated EDL's operated at
their optimum microwave power. Detection limits for single element
187

excitation for several elements are also reported by Epstein etal. /2/.
These authors present a detailed discussion on such detection limits
and possible ways of improvement. It must be stressed here that it
would be impossible to obtain the same detection limits given by
Epstein et al. /2/ on a simultaneous basis, since the concentration of
the solution aspirated into the ICP would be intolerably high for
both the nebulizer and the torch.
Table 1 collects the above mentioned data.
TABLE 1
Detection limits (ng cm 3 ) for several elements in flames
as obtained by the ICP-AF technique
Element

Wavelength
(nm)

Ref. 2

Ag

328.1

Al

308.2

1000

As

235.0

5000

Be

234.9

Ca

422.6

Cd

228.8

Co

240.7

Ref. 4

Ref. 7

8

3

10
4
0.8

20
6

11

20
30

Cr

357.9

2

Cu

324.7

2

8

Fe

248.3

6

80

0.7

4

Hg

253.7

Mg

285.2

0.09

60
4

0.5

Μη

279.5

2

8

5

Mo

313.3

400

Ni

232.0

50

60

Pb

283.3

Pd

363.4

Sb

231.1

Sc

460.7

20

Se

196.0

400

800

40(*)
4000
800

Sn

303.4

1000

Te

214.3

100

T1

377.6

V

318.5

Zn

213.9

(*) wavelength : 4 0 5 . 7
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90
400
0.5

6

0.7

b) the spectral selectivity of the fluorescence technique is known /10/.
Therefore, the reported cases of spectral interferences and background shift requiring a correction procedure in emission work
should not be a problem using atomic fluorescence. When a sample
solution is aspirated into the atomizer and a fixed high concentration
of the element to be measured is introduced into the ICP, the resulting signal monitored via a high luminosity monochromator-photomultiplier combination can be due to: (i) any fluorescence radiation
emitted by the analyte within the spectral band-pass of the monochromator. Both resonance and non-resonance processes can be
observed if the ICP radiation is not filtered by any means before
reaching the atomizer; (ii) spurious reflections of plasma emission
at lenses, mirrors, burner etc. This radiation can be due to argon
lines, analyte lines and spectral continuum within the monochromator bandwidth; (iii) fluorescence from concomitants in the sample
solution excited by the ICP, again of the resonance and nonresonance type and within the monochromator bandwidth ;(iv) scattering from unvaporized material and droplets in the atomizer.
With regard to items (i) - (iii), the same discussion found in the
pertinent atomic fluorescence literature /10/ for "line" and "continuum" source excitation again holds true in the case of ICP excitation. Item (iv) has been thoroughly discussed by Epstein et al.
[2,3] and is outlined below.
c) Two ways have been indicated to account for the scattering occurring
in the atomizer when a high concentration of dissolved solids is aspirated. The first one relies upon the well known two-line technique
/15-17/ which is based on the assumption that the scattering is the
same in the vicinity of the analyte fluorescence wavelength and
therefore consists in finding a suitable line from the excitation
source that does not excite fluorescence, neither from the analyte
nor from the matrix, within the spectral bandwidth of the monochromator. The resulting signal is then subtracted from that obtained
by the analyte source line. The ICP should be ideal for such a correction technique, due to the many intense neutral and ionic lines excited in the plasma. Practical examples of such procedures have been
successfully reported /2,8/. The second correction procedure is
somewhat more subtle and is based upon the different behaviour of
the fluorescence and scatter signals when the concentration of the
analyte in the ICP is increased. In fact, when self-absorption predominates, the emission signal from the ICP should follow a square
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root dependence with the concentration: the same trend should thus
be shown by the scatter signal, which closely reproduces the source
behaviour. On the other hand, the fluorescence signal should show
no variation at all, the limiting slope of such "excitation" growth
curve being zero /1 /. It follows that the scatter signal for a given
sample can be evaluated by varying the concentration in the ICP and
monitoring the effect on the signal from the atomizer. This procedure clearly requires complete self-absorption in the profile of the
line emitted from the ICP and this is not so in most cases at the
common observation heights used in the analytical practice. In
order to apply the method, one should, therefore, increase the
height of observation up to the point where the sensitivity becomes significantly degraded. Nevertheless, the method has been
shown to work successfully in the case of a fly ash matrix /3/.
d) provided that the total concentration of the excitation solution aspirated into the ICP does not result in unreliable operation of the
nebulizer and/or of the torch due to clogging problems and that the
sensitivity of detection is sufficient, the ICP should behave as an
ideal multielement excitation source for a rapid, sequential type of
analysis. A detailed discussion on the principles and instrumentation
for simultaneous analysis can be found in the pertinent literature
/18,19/.
THE ICP-RM TECHNIQUE

By investigating the spectral behaviour of the lines emitted by the
ICP via the resulting fluorescence signal obtained from a constant atom
density in a separated air-acetylene flame, Omenetto et al. /I/ were
able qualitatively to confirm the results of Human and Scott / l l / , i.e.,
no pronounced self-absorption in the emission profile,, by the shape of
the so-called "excitation" curve of growth. The linearity thus achieved
even at high atom densities in the plasma suggested that the analytical
growth curve could be extended from ppb levels to percentage values
by simply switching the aspiration of the sample solution from the
flame to the plasma /3/. In other words, when the conventional fluorescence curve of growth starts to bend toward the abscissa, therefore
hindering the analysis at such concentration levels, the sample solution
is aspirated into the ICP and a pure analyte solution into the flame,
which therefore acts now as a simple resonance monochromator /20/.
The calibration curve is now constructed by bracketting the sample be190

tween a series of standards aspirated into the ICP. This technique provides an alternative solution to the commonly adopted procedure in
atomic absorption and also in atomic fluorescence of diluting the sample
up to the point where the linear range is again obtained and/or of
choosing a less sensitive line for the analysis. As stressed by Epstein et
al. 13/, the above mentioned technique is far more versatile and easier
to implement with the plasma source than any other procedure.
This feature has been further exploited by Omenetto et al. /7/,
whose aim was to evaluate as thoroughly as possible the analytical capabilities of analyzing the plasma emission via a flame as a resonance
detector, similarly to the excellent work of Butler et al. /21 -23/ on the
combined use of a Grimm discharge lamp and a sputtering chamber for
the analysis of metals in several types of materials. An estimate of the
lowest concentration that can be aspirated into the plasma and still
provide a useful signal-to-noise ratio when analyzed by resonance detection can be inferred from the data collected in Table 2. These figures represent the detection limits obtained using two flames as resonance detectors and the experimental facilities reported in Table 3 /7/. Both the
detection limits and the concentration aspirated in the flame are given

TABLE 2
Detection limits (jLlg c m - 3 ) for several elements in the separated A i i - C j H j
and Air-H 2 flames as obtained by the ICP-RM technique

Element

Detection Limit
Air-Η 2

Wavelength

Air-C2H2

Flame
Concentration
((Ig cm'3)

Ag

328.1

8

2

100

Ca

422.7

5

1

50

Cd

228.8

1

0.7

Co

240.7

10

Cr

357.9

Cu

324.7

Fe

248.3

Mg
Μη

25

5

100

15

7

100

10

2

40

6

6

100

285.2

2.5

0.4

10

279.5

2

0.9

50

Ni

232.0

20

3

100

Pd

363.4

60

15

500

Zn

213.9

0.5

0.7

10

191

TABLE 3
Instrumental set-up used in this w o r k

ICP

Model

34000

Switzerland)

Emission

and

3000

Quantometei
PGC/27

(ARL-Lausanne-

HF Generator

(Henry

Radio-Los Angeles-California)

Nebulizer

Concentric Ring Glass Nebulizer, Τ 2001 A4 (Meinhard
Assoc., Santa Anna, California)

Fluorescence
Monochromator
and PMT

H-10 Monochromator (UV-VIS) (Jobin Yvon, France) 0.1
m focal length, f / 3 . 5 , 8 n m / m m reciprocal dispersion,holographic grating 1200 grooves/mm - 0.05-0.5-1.0-2.0 m m slit
widths. Photomultiplier 1P28 (RCA Corp.-Harrison, N.J.)

Current to voltage
converter and lockin amplifier
Recorder
Flame

Keithley 4 2 7 - Dynatrac 391A Lock-in amplifier (Ithaco,
Ithaca, N.J.) - Mod. 382A chopper (Ithaco, Ithaca, N.J.)

Perkin Elmer Mod 56 dual pen recorder
Perkin Elmer adjustable nebulizer and mixing chamber Home-made circular stainless steel burner head, with 5 rectangular slots /25/-

Lenses

Quartz lenses, 3 cm diameter, 12.5 cm focal length.

in ßg cm" 3 . When a reasonable dilution factor of 100 is taken into
account, one can see that the elements reported in this Table have detection limits in the solid sample ranging from 0.004% for Mg to 0.15%
for Pd, when the air-hydrogen flame, shielded with an argon mantle, is
used as resonance detector. In this case, as in the previous studies /2,3/
the collection efficiency of the exciting radiation and of the fluorescence was extremely low and, therefore, the quoted figures could be
significantly improved by a more careful design of the optical apparatus.
A system consisting of an ICP and a flame as resonance detector
should possess the following features:
a) provide the possibility of determination of major and minor elements in several matrices at a single dilution level. This can be the
case of several samples of industrial, metallurgical and geochemical
interest;
b) retain the major advantage of the ICP as a source in conventional
emission spectroscopy, i.e., the almost complete absence of chemical
interference;
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c) unlike the conventional case where the ICP emission is analyzed with
a grating monochromator, it should not be plagued by any of the
spectral and similar interferences reported in the literature because
of the extreme selectivity offered by the absorption profile of the
analyte in the flame. In fact, the signal observed by the detection
system when a complex matrix solution and a pure analyte solution
are aspirated into the plasma and into the flame, respectively, should
consist of: (i) fluorescence, of b o t h resonance and non-resonance type
excited by the analyte emission in the matrix solution within the spectral bandwidth of the monochromator; (ii) fluorescence, of b o t h resonance and non-resonance type, excited by the emission of a concomitant in the matrix solution within t h e spectral bandwidth of the
monochromator; and (iii) fluorescence, of both resonance and nonresonance type excited by the plasma continuum and/or argon lines
within the spectral bandwidth of the monochromator. In most cases,
only process (i) will be responsible for the observed signal.
d) as in the case of the ICP-AF technique, this method is amenable to
multielement analysis.
e) unlike t h e case of the ICP-AF technique, one can take full advantage
of a high quantum efficiency, low background flame despite its relatively poor atomization efficiency since scattering problems do not
enter into consideration here. Indeed, as seen in Table 2, the detection limits obtained with the air-hydrogen flame are generally better
than those given by the air-acetylene flame, because of the lower
background of the former.
The merits of a separated flame as a resonance detector /20/ lie in
the simplicity of operation and versatility, i.e., it is easy to change from
one element to another simply by changing the solution to be aspirated
and t o select the concentration of the analyte giving the optimum fluorescence signal. These are certainly desirable features if one considers
sputtering chambers with exchangeable cathodes /21-23/ as alternative
atomizers. On the other hand, the number of elements that can be analyzed is limited since if a high temperature flame has to be used in order
to achieve better atomization, then the usual problems of noisy data
arise. Furthermore, the many intense ionic lines emitted by the plasma
are almost useless since no counterpart exists in the low background
flames. All considered, it can be concluded that flames are very useful
for several common elements, but are far f r o m being ideal as resonance
detectors for the application of such a technique.

193

RESULTS AND DISCUSSION

Several analytical applications of the ICP-AF technique were reported by Epstein et al. [2,3/ for the determination of Zn and Cd in NBS
Standard Reference Materials of unalloyed copper (SRM-394 and SRM396), fresh water (SRM-1643) and fly ash (SRM-1633). Results were
also given for Cu and Zn in an orange juice sample. It was demonstrated
that the determination of trace zinc in high purity copper by the ICPAF technique was not plagued with the well known interference problem occurring in atomic absorption analysis due to direct spectral
overlap of the copper 213.853 nm non-resonance transition with the
zinc resonance line at 213.856 nm. In addition, the copper spectral interference occurring in the ICP emission, and due to the medium resolution monochromator used, was effectively minimized in fluorescence
by more than a factor of 10 4 . To correct for the scattering, which in
the case of the sample SRM 396 was equivalent to 2 ppb of Zn, the
cadmium ionic line at 214.4 nm was used. The feasibility of taking advantage of the self-absorption in order to correct for scatter, as described
in the previous section, was also demonstrated for the determination of
Cd in a fly ash sample (SRM 1633) with the air-hydrogen flame /3/.
In our laboratory, we have applied the ICP-AF technique to the
determination of traces of cadmium in lake sediments /8/. In this case,
the correction for scattering was easily achieved by aspirating a high
concentration (10,000 ßg c m - 3 ) of cobalt into the plasma and using
the ionic line at 228.62 nm.
An investigation was also carried out on the well known interference
between Cd and As at 228.8 nm. Figure 1 shows the results obtained
both for the ICP-AF technique (cases d and e) and for the ICP-RM technique (cases a, b, and c). As can be seen from the figure, the determination of trace cadmium in an As matrix by the ICP-AF technique is completely free from any interference, since no signal is observed when
10,000 μg cm - 3 of pure cadmium solution are aspirated in the ICP and
1000 μg cm - 3 of arsenic in the flame. However, it is also clear from this
figure that, if relatively high concentrations of cadmium in an arsenic
matrix are analyzed by the ICP-RM technique, one should be aware
that 1000 μg cm - 3 of As aspirated in the ICP are roughly equivalent to
0.6 Mg cm" 3 of Cd (atomic absorption measurements with background
correction have shown that the arsenic solution used was cadmium-free).
The determination of Pd in nuclear waste solutions is a difficult task
by conventional ICP emission spectroscopy with a medium resolution
1|94
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Fig. 1. Recorder traces showing the interference between Cd and As at 288.8 nm.
a) I CP: 10 μβ cm" 3 Cd, Flame: 10 ^ g cm" 3 Cd; b) ICP: 100 μg cm" 3 Cd,
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argon-separated

air-acetylene flame; 0.5 m m mono-

chromator slit width. Time constant: 1s.
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monochromator, due to the very complex nature of the matrix

/9/.

Figure 2 shows a typical scan in the vicinity of the Pd line at 363.5
nm obtained by aspirating a simulated waste solution containing 2.5
μg c m - 3 of Pd. The spectral interference by a concomitant in the
matrix is evident. This problem could be easily solved by both the ICPAF and ICP-RM techniques.
As a further example, the determination of silver in copper is mentioned. Four copper samples prepared by the Community Bureau of
Reference (BCR)* in the framework of a study aiming at the preparation of reference materials for noble metals and containing from 1000
t o 5000 ppm Ag have been examined. The dissolution of 1 g of sample
in 100 c m 3 resulted in a final concentration of silver ranging from 10 to
50 μg cm" 3 . These values· were amply sufficient to excite the fluorescence of a fixed concentration of silver (80 μg cm" 3 ) in the airhydrogen flame, with an excellent signal-to-noise ratio. Therefore, the
analysis was carried out with the ICP-RM technique. In this way, the
problems associated with the plasma background in the neighbouring of
the 328.1 nm line and the huge tail of the Cu 327.4 nm line are absent.
To obtain the highest accuracy, standard solutions were prepared in the
presence of 10,000 ßg cm" 3 of copper. The results obtained were in
excellent agreement with those given by atomic absorption. The relative
standard deviation of five replicate independent determinations was
0.85%.
Both the ICP-AF and the ICP-RM techniques were used for the determination of Zn and Mg in a coal fly ash sample, BCR candidate reference material 124/. Figures 3 and 4 show typical signals obtained for
these two elements. The analytical results were in satisfactory agreement
with the average values reported as a result of a round robin analysis.
Finally, Figures 5-7 clearly demonstrate how the ICP-RM technique
takes advantage of the absence of chemical interferences in the ICP. In
Figure 5 the signals for Cr and Mn are shown to be essentially identical
whether obtained by aspirating into the plasma 1000 μ% cm" 3 of the
solution of each individual element or of the sample. In this case, a
stainless steel matrix with a 5:1 ratio between the iron and the element
considered was simulated. Figure 6 shows the signals obtained for Ni
with the same matrix. The time constant of the lock-in amplifier was

*

Community Bureau of Reference (BCR), Directorate General XII, Commission
o f the European Communities, 2 0 0 rue de la Loi, Brussels, Belgium.
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HITACHI

Fig. 4. Typical recorder traces obtained for Mg at 285.2 nm w i t h the ICP-RM
technique, a) ICP: 1 μg cm" 3 Mg, Flame: 10 μg cm" 3 Mg; b) ICP: 10;Ugcm~3
Mg, Flame: 10 μg cm" 3 Mg. ICP conditions: 1.16 KW, 0.8 ( min" 1 carrier
flow rate. Flame conditions: Air-hydrogen (argon sheath), 0 . 5 m m monochromator slit width. T i m e constant: a) 4s; b) 1s.
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ΗΠ

Fig. 5. Recorder tracings for Cr and Μη in a simulated stainless steel matrix with
a5:1 ratio between Fe and the analyte elements. Left', a) ICP: 1000jug cm"3
Cr, Flame: 100 /Ug cm"3 Cr; b) ICP: steel matrix, Flame: 100 μβ cm"3 Cr;
Right: a) ICP: 1000 Mg cm"3 Mn, Flame: 50μgcm" 3 Mn;b) ICP: steel matrix.
Flame: 50 ;L(g cm 3 Mn. ICP conditions: 1.16 KW, 0.8 I min"1 carrier flow
rate. Flame: air-hydrogen (argon sheath),0.5 mm monochromator slit width.
Time constant: 1s.

200

HITACHI PERKIN -

ELMER

Fig. 6. Recorder tracings for Ni in a simulated stainless steel matrix w i t h a 5:1
ratio between Fe and Ni. a) ICP: blank solution, Flame: 100 jUg cm

3

Ni,

b) ICP: steel matrix. Flame: 100/jgcm" 3 Ni; c) ICP: 1000/Jg cm" 3 Ni, Flame:
100 jUg cm

3

Ni; d) ICP: steel matrix, Flame: water. The arrows in a) and d)

indicate the starting of the aspiration of the solution into the plasma. ICP
conditions: 1.16 KW, 0.8 Ί min

1

carrier f l o w rate. Flame: Air-hydrogen

(argon sheath), 0.5 mm monochromator slit w i d t h . Time constant: 0.4s.
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Fig. 7. Recorder tracings f o r Cu and Z n in a sample of ashes f r o m an urban incinea) ICP: 2 0 0 / J g cm" 3 Cu, Flame: 40 μβ c m " 3 C u ; b ) ICP: sample,

r a t o r . Left:

F l a m e : 40 μg c m " 3 Cu. Right:
ICP: 600 /ig c m "
0.8 I min

1

3

a) ICP: sample. F l a m e : 10 μ g c m " 3 Z n ; b)

Z n , Flame: 10 jug c m " 3 Z n .

m o n o c h r o m a t o r s l i t - w i d t h . T i m e constant: 1s.
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ICP c o n d i t i o n s , 1.16 K W ,

carrier f l o w rate. Flame: A i r - h y d r o g e n (argon sheath), 0 . 5 m m

set at 0.4s. As one can see from the traces, some unwanted radiation·
emitted by the ICP when the " s t e e l " matrix is aspirated, enters the
monochromator increasing the baseline by some 20%. However, the net
signal due to the nickel is clearly unaffected. Figure 7 shows the signals
obtained for copper and zinc when determined in a sample o f ashes
from an urban waste incinerator plant. Again, the coincidence between
pure solution and sample solution is striking.
CONCLUSIONS

The results given in this paper demonstrate the analytical utility o f
the ICP as an excitation source for atomic fluorescence as well as the
possibility o f analyzing the ICP emission by a resonance detector set-up
rather than by a conventional grating monochromator. The set-up is
very simple and easy to assemble around an ICP emission spectrometer.
However, as clearly pointed out elsewhere

/2,7/, we would like to

stress again here the concept that such techniques constitute useful adjoints to already existing ICP emission facilities. In other words, the
ICP-AF and/or the ICP-RM methods should be considered as viable alternative approaches to alleviate interference problems occurring with
certain particular samples.
For example, the ICP-RM method applied to the determination o f a
few elements sufficiently atomized in an argon-hydrogen flame and/or
an air acetylene flame and present in major concentrations in the sample
solution represents an ideal combination o f the emission stability and
particular freedom from chemical interferences o f the ICP source with
the unique spectral selectivity offered by the resonance monochromator
with no problems due to the scattering o f the radiation. This o f course
holds true as long as the concentration o f the sought analyte aspirated
into the plasma is capable o f exciting the fluorescence radiation in a
suitable resonance detector. On the other hand, the ICP-AF method
takes great advantage o f the versatility of the ICP as a source o f excitation although it still suffers from the usual drawbacks o f the fluorescence technique with regard to the atomizer, in the sense that good
atomization efficiency and low quenching characteristics are conflicting
requirements. The limiting noise in the two techniques is expected to
be flame shot noise in the case of the ICP-AF method and ICP-related
noise in the case o f ICP-RM method.
In the authors' opinion, both techniques are worthy o f further investigation, but special attention should be reserved to the ICP-RM
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method in order to exploit more fully its inherent analytical potential.
To achieve this goal, resonance detectors other than separated flames
have to be investigated for those elements that are not atomized in
such flames. In addition to that, an optical system should be especially
devised for maximizing the radiative collection efficiency from the ICP
to the atomizer and from the atomizer to the detector (photomultiplier). Despite the futility of predicting impressive improvements in the
detection power of a particular technique without adequate experimental support for such a prediction, we would like to speculate that with
an optimized optical transfer and atomizer, the detection limits o f
Table 2 for the ICP-RM technique can be decreased by 2 or even 3
orders o f magnitude. Work should proceed in this direction.
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