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ABSTRACT

Five signal evaluation strate-
gies to minimize the impact of
spectral interferences were 
compared in cases where partial
overlap exists: parabolic fit calcu-
lation of peak maximum, on-peak
measurement, matrix matching,
interelement correction, and a
chemometric technique (Multi-
component Spectral Fitting). The
latter technique gave best results
with respect to accuracy, repro-
ducibility, and detection limits.

INTRODUCTION

One of the most difficult prob-
lems with spectral interferences in
the analysis of samples using induc-
tively coupled plasma optical emis-
sion spectrometry (ICP-OES) is
encountered when matrix elements
have many emission lines, while the
analyte has only a few wavelengths.
In these cases, overlapping lines are
common and the effects can be
minimized using the following
approaches:

(a) Use a high-resolution spectrome-
ter to separate the lines. 

(b)Use a processing technique, e.g.,
parabolic fit or on-peak measure-
ment to calculate net intensity.

(c) Use matrix matching for dealing
with nonspectral interferences
and to compensate for spectral
interferences if a very close
match is found (1). 

(d) The “classical” interference 
correction is interelement cor-
rection (IEC), where the mea-
surement of an undisturbed
wavelength of the interferent 
is used to subtract the interfer-
ence (2,3). 

(e) More recently, chemometric
techniques have been devel-
oped that use the spectral infor-
mation gathered during an
analysis around the analytical
wavelength and then compare
the results to model spectra of
pure components. The two
chemometric techniques pub-
lished for applications in ICP-
OES are Kalman-Filtering (4,5)
and Multicomponent-Spectral
Fitting (MSF) (6,7); the latter
method was investigated in this
study. The references cited pro-
vide good background informa-

tion of both chemometric tech-
niques and details are therefore
not repeated here.

EXPERIMENTAL 

Instrumentation

The ICP emission spectrometer
used in this study was the array-
based ICP emission spectrometer,
Model Optima 3000TM DV (Perkin
Elmer LLC, Norwalk, CT USA). The

instrument uses modified Echelle-
type optics to yield a bandpass of
5.5 pm at 220 nm (8). Solid-state
detectors (Segmented-array Charge-
Coupled-Device Detectors) are used
for the UV and visible wavelength
regions (9). Three different com-
puter-controlled entrance slits can
be used for different resolution set-
tings. Throughout this study, high
resolution was chosen at a slit
width of 31 µm. In this mode, the
pixel width at 220 nm was 3.3 µm.
The dual-view (DV) spectrometer
allows computer-controlled chang-
ing of the plasma viewing direction.
For the experiments discussed
here, axial viewing of the plasma
was used.

Data Set

The determination of Cd in a
concentration range from 1 µg/L to
90 µg/L in a Ni matrix (1 g/L) was
studied. The three sensitive wave-
lengths of cadmium interfered with
Ni. At 214.438 nm (Figure 1), one

Fig. 1. Spectrum of Cd at 214.438 nm in Ni matrix (1 g/L).
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Ni line to the right is observed
which is so close that it will yield
a higher reading on the signal itself.
At 226.502 nm and 228.802 nm,
there are two Ni lines on both
sides, with a dominant Ni line to
the left. The data of the latter two
wavelengths are not provided in
this study. Similar results were
obtained from these lines. The
neighboring lines will conflict with
proper background correction. For
inter-element correction, Ni was
measured at 221 nm.

Synthetic samples were prepared
in a Ni matrix containing 1g/L with
Cd concentrations varying from 0,
1, 2, 10, 18, to 90 µg/L. All measure-
ments were performed with three
replicates, except for the measure-
ments performed for establishing
the detection limits, where 10 repli-
cate readings of the blank were
taken. These series of 10 replicate
readings were repeated five times
and the results averaged.

All spectra were stored and
reprocessed using the different
techniques. This process ensured
that the comparisons were made on
an identical data set and were not
biased by the uncertainty of repeat
experiments.

Signal Evaluation

The processing and interference
correction techniques studied
included parabolic fit, on-peak 
measurement, matrix matching,
IEC, and MSF.

Parabolic fit
The parabolic fit of peak maxi-

mum will yield best approximation
to the height of an analyte peak. 
(Note: In the instrument software,
this is referred to as “peak height.”)
The three highest points in a user-
defined spectral window are used
for the calculation of the maximum
with a quadratic function (10).
Thus, a certain degree of averaging
takes place which has been the
most successful in compensating
for wavelength drift. The width of

the spectral window to locate the
peak maximum can be varied in
order to exclude interfering peaks
used for peak height deter-
minations of the analyte. In this
study, the width of the peak win-
dow was varied in order to deter-
mine its influence. 

On-peak measurement
On-peak measurement in the

context of an array detector will
reflect that a certain pixel is speci-
fied to take the intensity reading of
this wavelength location. This cor-
relates to the width of an exit slit
on a conventional PMT-based sys-
tem. The software allows the sum-
mation of the intensity content of
several pixels, so in approximation
a (partial) peak area can be
measured. The effect of the varia-
tion of the number of pixels used
for summation (points/peak) was
studied. Varying the number of pix-
els used corresponds to changing
the spectrometer bandpass. Using
one pixel corresponds to peak
height measurements with a one-
pixel-wide spectral window. In the
instrument control software, this
processing technique is termed
“area” processing.

Matrix matching 
Matrix matching compensates 

for nonspectral interferences. How-
ever, if a close match of standards
and samples can be achieved, this
can also help to compensate for
spectral interferences (1). In this
study, the matrix constituent, a
solution containing 1 g/L Ni, was
also used as the blank, while for all
other experiments, 2% nitric acid
was used as the blank. 

Interelement correction 
For interelement correction

(IEC), an undisturbed wavelength
of the interferent is measured to
correct the contribution of the
interferent on the analyte signal.
Method development for IEC
includes the determination of the
proportionality factor between the
pair of lines of the interferent. It is
assumed that this factor is constant.
However, if the pair chosen has dif-
ferent excitation potentials, there is
high risk of false correction when
temperature changes in the plasma
cause the intensity of one line to
increase while the other decreases,
as illustrated in Figure 2. In addi-
tion, it is imperative that a direct
overlap exists. If this is not the
case, the peak shape will change

Fig. 2. A change of plasma temperature for a pair of lines with different
excitation potentials can result in a decrease of the intensity for one line
and an increase for the other.
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with varying intensities of the ana-
lyte and interferent, as shown in
Figure 3. Consequently, the total
intensity will be dominated by the
analyte in one case and by the inter-
ferent in the other. A subtraction of
the calculated interferent intensity
from such a changing peak will
yield incorrect results. When select-
ing spectrometers with better reso-
lution in order to minimize the
impact of spectral interferences,
the occasions for partial overlaps
will increase vs. direct overlaps, 
so IEC will be applicable in fewer
cases. In order to consider this fact,
IEC calculation was carried out
with both on-peak measurement
and a wider spectral bandpass
(three pixels).

Multicomponent Spectral Fitting
Finally, a chemometric

technique, Multicomponent Spec-
tral Fitting (MSF), was studied.
When applying MSF, a close mathe-
matical match between a spectrum
generated during the analysis and
the stored model spectra is made
(6). In this respect, MSF mimics
perfect matrix matching without

having to prepare the matched solu-
tions. MSF is used for partial over-
laps, because there will only be one
mathematical solution to this com-
position unless a component has
more than one peak in a defined
wavelength region. When using a
spectrometer with good optical res-
olution, partial overlap situations

predominate. Care must be taken
that no wavelength shift occurs
from the time of generating the
model spectra to the analysis (11).
Therefore, the wavelength stability
of the spectrometer used was mea-
sured and is shown in Figure 4. It is
below ± 0.1 ppm in a well accept-
able range for this application. 

RESULTS AND DISCUSSION

In order to measure accuracy,
the recovery of Cd in a Ni matrix
was used. Figure 5 shows the
results for Cd at 214.438 nm. Best
agreement was found using MSF,
followed by on-peak (area)
measurement with matrix matching
as being next best. For the determi-
nation of Cd at 214.438 nm, both
processing techniques were nearly
identical. This behavior is not sur-
prising if one considers MSF as a
mathematical way to matrix match.
It can be noted that for peak height
processing with a large spectral
window (5-point width), the low
concentrations are biased towards
higher concentrations (e.g., the
measured concentrations are
always 18 µg/L until this concentra-
tion is actually present in the solu-
tion). This can be explained by the

Fig. 3. If the composition of elements with partially overlapping wavelengths
varies, the mutual interference changes. Hence, the intensity at a given wave-
length (marked by bar) is not directly proportional to the concentration 
of the sum of analyte plus interferent. As a consequence, interelement correc-
tion is not truly valid.

Fig. 4. Wavelength stability of the array-based ICP emission spectrometer 
Optima 3000 DV.
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TABLE I
Comparison of Detection Limits for Cd at 214 nm in Ni Matrix 

(1 g/L) as a Function of Signal Evaluation Techniques

Number Parabolic fit On-peak On-peak with On-peak with MSF
of pixels matrix-matching with IEC 

1 0.7 0.7 - - - 

3 0.7 0.6 0.7 6 - 

5 1 .08 - - - 

76 (total - - - - 0.4
subarray)

fact that actually the wing of the
interfering peak is used for signal
processing of the analyte. Only if a
smaller spectral window is used
(e.g., 3-point width) are the results
acceptable. Noticeable is the poor
result obtained for IEC, where the
concentrations are always much
too high. This poor behavior is
understandable because the correc-
tion is used in a situation for which
it was not intended.

The reproducibility of the results
is shown in Figure 6. The RSDs for
on-peak-measurements with or
without matrix matching and for
MSF follow the same trend and are
of the order of several percent, and
of course with lower values for
higher concentrations. In this
group, MSF generally shows the
best reproducibility. The precision
for the parabolic fit calculations are
quite erratic. Especially for low con-
centrations, the RSD found for IEC
is quite poor (up to 100%). This
reflects the fact that a difference is
calculated; hence, the law of error
progagation applies, resulting in
increased variation of the net signal.

This fact is also reflected in 
the detection limits (Table I). The
detection limit using IEC is about
one order of magnitude less than
for all other techniques. MSF yields
the best detection limits, while the
other processing techniques are
close behind. The improved perfor-
mance of MSF is understandable
because a well-defined peak is fit
through the noise, which is compa-
rable to a smoothing function. Also,
more points of information (com-
plex spectra) give better signal-to-
noise. It appears that the detection
limits improve with decreasing 
processing window size. A smaller
spectral bandpass will decrease the
background intensity. This more
than compensates for the lower
sensitivity of the peak, because
when enlarging the area of the peak
that is being summed, only the
wings of the peak are added, while

Fig. 5. Recovery of Cd at 214.438 nm in Ni matrix (1 g/L).

Fig. 6. Reproducibility of Cd at 214.438 nm in Ni matrix (1 g/L).
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the background intensity is
constant (e.g., doubling peak area
causes the background to go up by
a factor of 2, while the peak
increases by a factor of about 1.7).
This trend is in good aggreement
with Boumans work (12) who
reports lower detection limits with
improved resolution on a simulated
data set. 

CONCLUSION

When comparing different types
of approaches to cope with spectral
interferences, on-peak measure-
ment in conjunction with minimum
spectral bandpass will yield accept-
able results for spectrally interfered
applications. This can be further
improved by perfect matrix match-
ing. However, the best approach to
overcome spectral interference cor-
rection is a chemometric calcula-
tion using Multicomponent Spectral
Fitting with respect to accuracy,
reproducibility, and detection limits.

Received October 8, 1998.
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