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Abstract

Three multivariate calibration methods, partial least-squares (PLS-1 and PLS-2) and principal component
regression (PCR), were applied to the simultaneous determination of cypermethrin, fenvalerate and cis- and
trans-permethrin by HPLC. Several preprocessing algorithms for pretreatment of data in chemometric approaches
are discussed. Mean centering and the selection of the chromatogram region to realize the calibration were found to

be advantageous.
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1. Introduction

The separation of overlapped peaks is essen-
tial in every area of separation science, including
chromatography and electrophoresis. The degree
of peak separation will strongly influence the
reliability of an analytical method [1]. There are
several publications concerned with the evalua-
tion of the accuracy of analytical methods in
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chromatographic situations where the peaks are
overlapped [2-5].

Workers in chromatography are confronted
with the occurrence of partially resolved peaks
due to co-elution of solutes in the sample or to
similarity between their retention times. Further,
in complex sample matrices such as biological,
agricultural or natural products, it may not be
possible to avoid overlapping peaks. This prob-
lem becomes more important when the analyte is
at a concentration level near the detection limit.
Traditionally, this type of problem has been
solved by modifying the experimental conditions
by trial and error until the aforesaid errors are
minimized. Thus, different mobile or stationary
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phases (columns) or even working techniques
(e.g., isocratic, gradient elution) are tested, which
are time-consuming and involve the consumption
of expensive solvents.

The advent of multi-dimensional detection
systems and the affordability of personal com-
puters provided with software that allows storage
and subsequent processing of chromatographic
data have fostered developments of new ex-
perimental procedures for the characterization of
unresolved peaks. There are different alterna-
tives for computer-assisted resolution of chro-
matographic peaks, such as the following. (a)
Techniques for fitting the chromatographic peak
to known functions. These are perhaps the most
accurate chromatographic curve deconvolution
methods that do not require calibration stan-
dards. Like every other technique, however,
curve fitting relies on some basic assumptions:
the number of peaks present in the overlapped
group must be known (peak purity) and good
estimates of the true peak-shape parameters are
required. Curve fitting is performed by mathe-
matical regression techniques; modelled peaks,
shapes or curves are fitted to the overlapped
peaks using non-linear least-squares. Solutions
involving comparison of logarithmic spectra [6]
or the use of chemometric methods have been
proposed in liquid chromatography (LC) with
diode-array detection (DAD) [7-11]. (b) Inte-
gration by tracing a line perpendicular to the
baseline from the valley between two peaks, or
one line joining the valley and the end of the
second peak (skimming) by computing the area
of each one separately from the two zones thus
established. (c) Use of derivative techniques.
They are characterized by reduced band widths,
which implies a potential improvement in res-
olution. The fundamental properties, limitations
and potential applications of time-domain de-
rivatives in LC have been evaluated [12]. This
procedure has been applied to the resolution of
several mixtures [12-16].

Other procedures have been also described.
Thus, Campins Falcé et al. [17] developed a
procedure named the “H-point standard addi-
tions method” in which the analytical signal
absorbance values (peak height) registered at the

retention time of the analyte were used. Cladera
et al. [18] utilized multiple linear regression
(MLR) in the resolution and quantification of
binary and ternary mixtures of phenol com-
pounds, which presented overlapped signals in
HPLC. Hayashi et al. [19] proposed a one-di-
mensional Kalman filter to resolve partially over-
lapped chromatographic peaks using a one-di-
mensional empirical model based on prior mea-
surements of peak shape and location. Later,
Hayashi and Rutan [20] examined the accuracy
and precision of the adaptive Kalman filter using
computer simulations of chromatographic situa-
tions, where a known peak overlaps with an
unknown (interferent) peak. A Kalman filter
based on repetitive filtering of diode-array spec-
tra obtained across a chromatogram has also
been developed [21]. Principal component re-
gression (PCR) and partial least-squares regres-
sion (PLS) were applied to multivartiate analysis
of overlapped peaks in gas chromatography [22].

In the present work, PLS and PCR multi-
variate calibration methods were applied to re-
solve highly overlapped chromatographic peaks.
Both are examples of indirect calibration meth-
ods, i.e. they do not require individual spectra/
chromatograms of each analyte and interferent
to be known in advance, but all expected phe-
nomena must be spanned in the calibration set.
They offer full spectrum advantages. Each meth-
od needs a calibration step where the relation-
ship between the spectra/chromatograms and
the component concentrations is deduced from a
set of reference samples, followed by a predic-
tion step in which the results of the calibration
are used to determine the component concen-
trations from the sample spectrum/chromato-
gram.

PLS and PCR are based on the regression of
chemical concentrations on latent variables or
factors. PLS differs from PCR in that it uses the
concentration data from the training set and the
spectral data in modelling, whereas PCR only
uses the spectral data. Hence PLS can reduce the
influence of dominant but irrelevant factors, and
in some cases yields models of lower dimen-
sionality, in order to achieve better correlations
with concentrations during prediction. PLS also
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has the advantage of being able to model a
number of analytes simultaneously, the so-called
PLS-2 approach. These chemometric techniques
have been discussed in more detail elsewhere
[23-28].

Multivariate calibration methods, and specifi-
cally PLS and PCR, have been found useful for
quantitative analysis in various spectroscopic
techniques. For example, they have been applied
to UV-Visible absorption spectra [29-38], fluo-
rescence spectra [39-42] and infrared spectra
[43-50]. Also, they have been successfully ap-
plied to flow injection data [51-57] and polaro-
graphic data [58]. The great advantage of multi-
component analysis using multivariate calibra-
tion is the speed of the method of determination
of the components of interest in a mixture,
because of a separation step can be avoided.

Pyrethroid insecticides are very effective com-
pounds against agricultural pests with short life-
times and relatively low mammalian toxicity
[59,60]. HPLC has been used for the analysis of
pyrethroids [61] and also the separation of pyre-
throid enantiomers [62,63]. This paper describes
the development of a combined HPLC-DAD
system and direct data treatment using PLS and
PCR for simultaneous multi-analyte determina-
tion of the components of a mixture of cyper-
methrin, fenvalerate and cis- and trans-per-
methrin. The implications of a number of pre-
processing techniques and calibration criteria on
the training data are presented in detail

2. Experimental
2.1. Instrumentation

A Waters (Milford, MA, USA) Model 990
liquid chromatographic system, equipped with a
Model 600E constant-flow pump, a Rheodyne
six-port injection valve with a 20-ul sample loop
and a Model 990 photodiode-array detector, was
used. The detector was interfaced with an Olivet-
ti PCS-386 personal computer using Waters
Model 991 software and a Waters Model 990
plotter. The absorbance (A), wavelength (A), and
time (r) were digitized using the Waters Model

991 software, which allows representation and
storage of absorption spectra obtained at preset
times. An IBM 486-DX microcomputer, pro-
vided with a Grams/386 software package and
PLSplus V2.1G [64], was used for treatment of
data. A conversion program written in Array-
Basic with the object of transferring the files
obtained with the Waters Model 991 software to
an ASCII XY format, which allows the manipu-
lation of these files with the Grams/386 software,
was used.

The chromatographic separations were per-
formed using a Hypersil C,; column (15X 0.46
cm LD.; 5 pm particle size).

2.2. Chemicals

Analytical standards of cypermethrin and fen-
valerate (99%) were obtained from Riedel-de
Haén (Seelze, Germany) and permethrin (24.6%
cis and 73.4% trans) was supplied by Dr. Ehren-
storfer (Augsburg, Germany). Standard solutions
of these compounds were prepared by dissolving
the appropriate amounts in acetonitrile (ACN).
HPLC-grade glacial acetic acid and analytical-
reagent grade ACN and methanol (MeOH)
obtained from Riedel-de Haén were also used.
Milli-Q water, obtained from a Millipore (Bed-
ford, MA, USA) Milli-Q filtration/purification
system, was used.

2.3. Procedure

A calibration matrix for cypermethrin, fenval-
erate and cis—trans-permethrin using a fifteen-
sample set in the range 0-10 ug ml™' was
performed. Volumes of 20 ul were injected onto
the chromatographic system and the chromato-
graphic separations were performed on a Cig
column with a mobile phase ACN-water (85:15,
v/v) at a flow-rate of 1.5 ml min~". The solvents
were filtered daily through a 0.45-um cellulose
acetate (water) or polytetrafluoroethylene (ACN
and MeOH) membrane filter, and degassed with
helium during and before use. A mean-centering
pretreatment of data was applied. The optimized
calibration matrices, in the chromatographic re-
gion between 150 and 210 s, calculated by appli-
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cation of PLS and PCR methods, were used to
determine cypermethrin, fenvalerate and cis—
trans-permethrin in the prediction set.

3. Results and discussion
3.1. Optimization of the mobile phase

The analytical separation of cypermethrin,
fenvalerate and cis—trans-permethrin using a
Hypersil C,; column (15X0.46 cm 1D.) was
investigated. Aqueous MeOH or aqueous ACN
were initially tested as mobile phases for per-
forming the separation. The three pesticides are
easily eluted by both aqueous MeOH and aque-
ous ACN mobile phases, the retention times
being slightly shorter when ACN is used as
organic modifier. Table 1 summarizes the re-
tention times (z;), capacity factors (k) and res-
olution values (R) for mobile phases with differ-
ent percentages of ACN. The R values are <1.

Fig. 1 shows the chromatograms corresponding
to cypermethrin using ACN-water (85:15 and
75:25, v/v) as the mobile phase. Cypermethrin
shows two peaks when the percentage of water in
the mobile phase is >20%, because of an iso-
merization process. Analogous behaviour has
been explained by other workers [65].

Fig. 2 shows the chromatograms corresponding
to permethrin using ACN-water (95:5 and 85:15,
v/v) as the mobile phase. It can be seen that with
a higher percentage of organic modifier in the

Table 1

mobile phase, permethrin shows only one peak.
On the other hand, the composition of the
mobile phase did not affect to the peak corre-
sponding to fenvalerate. The behaviour of the
three pesticides did not change significantly when
the mobile phase was MeOH-water.

No differences in the behaviour of these pes-
ticides were observed on changing the pH of the
mobile phase with 0.1 M acetate buffer (pH 5).
In the light of these results, we chose ACN-
water (85:15, v/v) as the mobile phase in order to
achieve the partial separation of cis- and trans-
permethrin.

The mobile phase flow-rate did not signifi-
cantly affect the peaks width or the analytical
signal (peak area or peak height) in the range
tested (1-2 ml min~'). A flow-rate of 1.5 ml
min ' was selected.

A typical 3D spectrochromatogram obtained
with the optimized chromatographic system is
shown in Fig. 3, representing 210 absorption
spectra measured at 1-s intervals over the period
0-210 s. Because of the highly overlapping
peaks, conventional measures of the different
analytical signals (area or height of chromato-
graphic peaks) cannot be realized. With the aim
of resolving the ternary mixture, several different
chemometric approaches were evaluated.

3.2. Calibration

A training set of fifteen samples (C1-C15) and
an independent prediction set were taken; the

Influence of ACN in the mobile phase on the retention times (¢;), capacity factors (k) and resolution (R) values® for
cypermethrin, fenvalerate and cis—trans-permethrin (flow-rate 1.5 ml min ')

ACN Cypermethrin Fenvalerate trans-Permethrin cis-Permethrin R, . Reeipe R, pecpe
(%)
1, (min) k 1, (min) k tp (min) k tg (min) k
75 4.88 6.18 5.42 6.97 5.69 7.37 6.41 6.20 0.90 0.50 0.88
80 3.46 4.16 3.76 4.61 4.03 5.01 4.48 3.48 0.67 0.60 0.85
85 2.60 3.00 2.76 325 2.99 3.60 3.30 1.87 0.50 0.67 0.80
90 1.99 1.34 2.09 222 226 2.48 235 1.12 0.33 0.62 0.26
95 1.65 1.32 1.69 1.38 1.85 1.61 - - 0.22 091 -
‘R, =resolution cypermethrin-fenvalerate; R, . = resolution fenvelerate—trans-permethrin; R, . .. = resolution trans-per-

methrin-cis-permethrin.
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Fig. 1. Chromatogram of a sample containing 6 ug ml™' of
cypermethrin. Flow-rate, 1.5 m! min~'. Mobile phase: (a)
ACN-water (85:15, v/v); (b) ACN-water (75:25, v/v).

concentrations are given in Tables 2 and 3,
respectively.

The optimum dimensionality of the PCR and
PLS methods was selected as that with the fewest
number of factors such that the PRESS (predic-
tion error sum of squares) is not significantly
greater than the PRESS from the model that
yields a minimum PRESS. The F statistic was
used to make the significance determination.
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Fig. 2. Chromatogram of a sample containing 6 ug ml™' of
total permethrin. Flow-rate, 1.5 ml min~'. Mobile phase: (a)
ACN-water (955, v/v); (b) ACN-water (85:15, v/v). Peaks:
1 = trans-permethrin; 2 = cis-permethrin.

Empirically was determined that an F-ratio prob-
ability of 0.75 is a good choice [26].
The PRESS is defined as

N
PRESS =, (£, - x,)°
i=1

where N is the number of samples, x, is the true
concentration of sample i and X, is the predicted
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Fig. 3. Three-dimensional spectrochromatogram of a sample of (1) 6 ug ml™" of cypermethrin, (2) 6 ug ml™" of fenvalerate, (3)
4.5 ug ml™" of trans-permethrin and (4) 1.5 ug ml™" of cis-permethrin.

concentration of sample i. The PRESS was tion of the sample left out was predicted using
calculated in all cases using a cross-validation the N —1 model for all N samples. The predic-
method, leaving out one sample at a time, in tion ability of the methods for each analyte is
order to model the system without overfitting the expressed in terms of the root mean square
concentration data [28,66]; thus the concentra- difference (RMSD):

Table 2

Concentration data for the calibration set

Standard Cypermethrin Fenvalerate trans-Permethrin cis-Permethrin
(ngml™) (ngml™) (ngml™) (ngml™)
C1 0.00 5.00 3.75 1.25
C2 5.00 0.00 3.75 1.25
C3 4.00 8.00 4.50 1.50
C4 6.00 4.00 6.00 2.00
C5 6.00 8.00 3.00 1.00
Co 8.00 4.00 4.50 1.50
Cc7 8.00 6.00 3.00 1.00
Cc8 6.00 6.00 4.50 1.50
9 2.10 10.00 3.00 1.00
C10 4.00 1.70 7.50 2.51
C11 5.00 5.00 0.00 0.00
C12 4.00 6.00 6.00 2.00
C13 5.80 3.00 1.80 0.60
C14 4.00 5.00 1.50 0.50
C15 10.00 4.00 1.50 0.50
C16 3.20 2.60 1.50 0.50
C17 3.50 3.10 2.40 0.80
C18 9.50 5.00 3.30 1.10
C19 8.00 5.50 4.00 1.33

C20 5.00 2.00 1.20 0.40
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Table 3
Concentration data for the prediction set

Test no. Cypermethrin Fenvalerate trans-Permethrin cis-Permethrin
(ngml™) (ngml™") (ngml™") (ngml™)
T1 8.0 40 3.0 1.0
T2 3.0 4.0 35 12
T3 20 10.0 3.0 1.0
T4 40 20 7.5 25
TS 2.0 3.0 45 1.5
T6 40 45 1.5 0.5
T7 40 6.0 6.0 20
T8 40 8.0 45 1.5
T9 6.0 4.0 6.0 20
T10 6.0 8.0 3.0 1.0
T11 8.0 4.0 45 15
T12 8.0 6.0 3.0 1.0

1 N 0.5
RMSD = [W > (% - x,.)z]
i=1

In the process of PLS-1 modelling, the co-
variance between the spectral scores and a single
analyte is maximized. This often leads to the
loadings of the first PLS-1 factor approximating
the pure component spectrum of the analyte
under examination. The PLS-2, however, maxi-
mizes the covariance between the spectral scores
and a linear combination of a number of vari-
ables. In our case three variables are considered,
although four components are present, because
the concentration of the cis-permethrin compo-
nent in the mixture varies as a constant function
of that of trans-permethrin; this is known as
collinearity. When this situation occurs, the spec-
tral decomposition cannot determine any differ-
ence between the two components across the
training set and hence models them as a single
factor. A simple visual aid to identifying this
potential problem is to plot one component
concentration versus another. If the samples fall
on a straight line, the concentrations are linearly
correlated, although the ideal case would be a
symmetrical shape.

Although PCR and PLS are linear methods, in
a real spectroscopic or chromatographic applica-
tion there may be sources of non-linearities, e.g.,
chemical interactions or non-linear responses in
the detector at certain wavelengths. If non-

linearities are present, they may be modelled by
the inclusion of extra latent variables (factors) in
the regression model [28,67] and this could
explain the need of the four factors to describe a
three-component system. Nevertheless, some
non-linearities may be corrected by external
methods (transformation of the data, limiting the
span of the regression model) while there are
non-linearities that are not compensated. To
solve this problem, different algorithms of non-
linear expansions of PLS regression have been
described [68-70] in addition to a method based
on local modelling in PCR [71-73].

3.3. Preprocessing

Different methods were used for the pretreat-
ment of data to remove effects of variations in
instrumental conditions, signal noise, etc. Mean
centering involves the subtraction of the variable
mean from the individual variable values. This
should almost always be used as it provides
better mathematical accuracy in calculating the
PLS or PCR model. Scaling performs an opera-
tion which divides each data point by the data
point standard deviation calculated from all the
training chromatograms. This tends to amplify
regions of small variations relative to regions
with large variations and this is generally applic-
able to systems in which small peaks of interest
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are present among much larger peaks. Baseline
correction, as the name suggests, performs a
linear baseline correction over each defined
region, being useful for samples where the
baselines are unstable from sample to sample. By
smoothing, random noise in the chromatograms
is removed and the signal-to-noise ratio (S/N) is
increased. Derivative signals can enhance res-
olution, because the differentiation resolves com-
plex peaks due to signal overlap and eliminates
baseline shift, but generally lead to a decrease in
S/N with each derivatization. Smoothing and
differentiation were done by the convolution
algorithm of Savitzky and Golay [74].

The effect of these preprocessing techniques
on the RMSD of the calibration matrix for PCR,
PLS-2 and PLS-1 is shown in Table 4. Mean
centering had a small but beneficial effect on this
data set, because it reduces the PLS-1 model
dimensionality and RMSD value for cypermeth-

Table 4

rin. Also, it can be seen that scaling had a
detrimental effect on the PLS-1 model dimen-
sionality and on the RMSD values. On the other
hand, the baseline correction and the smoothing
did not have a beneficial effect on this data set.
The smoothing of the data was selected to
decrease the amount of noise while maintaining
minimal broadening of the peaks. As our data set
presents narrow peaks, when the number of
smoothing points is increased the signal am-
plitude decreases slightly and the peaks are
broader with a significant loss of resolution.
Finally, both the first and second derivatizations
had a detrimental overall effect on the RMSD of
this data set.

The PCR and PLS-2 models were also built
using the preprocessed data and, as expected,
resulted in dimensionality and RMSD values
very similar to those for PLS-1, in agreement
with other workers [32,36,37].

Effect of various preprocessing techniques on the relative prediction errors of PLS-1, PLS-2 and PCR models

Model Pre-processing RMSD?
technique
Cypermethrin Fenvalerate trans-Permethrin cis-Permethrin
PLS-1 None 0.10 (5) 0.21 (3) 0.12 (3) 0.04 (3)
Mean-centering (MC) 0.09 (4) 0.20 (3) 012 (3) 0.04 (3)
MC + baseline correction 0.09 (5) 0.20 (3) 0.12 (3) 0.04 (3)
MC + scaling 0.78 (5) 1.10 (5) 0.38 (5) 0.13 (5)
MC + smoothing 0.07 (5) 0.38 (3) 0.14 (3) 0.05 (3)
MC+'D 0.12 (4) 0.36 (3) 0.15 (3) 0.06 (3)
MC +°D 0.13 (4) 0.36 (3) 0.15 (3) 0.72 (3)
PLS-2 None 0.20 (3) 0.21 (3) 0.12 (3) 0.04 (3)
Mean-centering (MC) 0.18 (3) 0.21 (3) 0.12 (3) 0.04 (3)
MC + baseline correction 0.22 (3) 0.20 (3) 0.12 (3) 0.04 (3)
MC + scaling 0.95 (5) 1.48 (5) 045 (5) 0.15 (5)
MC + smoothing 0.18 (3) 0.21 (3) 0.12 (3) 0.04 (3)
MC+'D 0.12 (4) 0.37 (4) 0.14 (4) 0.05 (4)
MC +’D 0.13 (4) 0.36 (4) 0.26 (4) 0.74 (4)
PCR None 0.19 (3) 0.22 (3) 0.13(3) 0.04 (3)
Mean-centering (MC) 0.19 (3) 0.21 (3) 0.12 (3) 0.04 (3)
MC + baseline correction 0.23 (3) 0.20 (3) 0.12 (3) 0.04 (3)
MC + scaling 0.87 (5) 1.98 (5) 0.54 (5) 0.18 (5)
MC + smoothing 0.19 (3) 0.21 (3) 0.12 (3) 0.04 (3)
MC+'D 0.12 (4) 0.37 (4) 0.14 (4) 0.05 (4)
MC +°D 013 (4) 0.36 (4) 0.16 (4) 0.74 (4)

*The number of factors is given in parentheses.
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Table 5

Effect of time interval on the RMSD values by the PLS-2 method

Time interval No. of RMSD
(s) factors - -
Cypermethrin Fenvalerate trans-Permethrin cis-Permethrin
0-210 3 0.18 0.21 0.12 0.04
150-210 3 0.18 0.21 0.12 0.04

3.4. Selection of the region for the analysis and
averaging

The effect of the size of the chromatographic
data matrix on the prediction ability was studied
in two ways. First, two regions were selected for
analysis, the first between 0 and 210 s, which
implies working with 210 experimental points (as
the chromatograms are digitalized every 1 s), and
the second between 150 and 210 s, which implies
working with 60 experimental points. The second
region was taken into account because it is the
zone with the maximum analytical information
from the mixture components of interest. These
regions selected from the original data set were
used to build PLS-1, PLS-2 and PCR models
after mean-centering. In Table 5 are given the
RMSD values obtained by PLS-2. It can be seen
that the prediction error is not significantly
changed. However, the shortest region is selected
because by reducing the size of the regions used
the amount of memory and time necessary to
perform all the calibration calculations are re-
duced.

In the second case, the data set was reduced by

Table 6

averaging the chromatographic variables before
mean-centering. The results obtained by PLS-2
are shown in Table 6. It can be observed that the
RMSD values do not change when the data set is
averaged to 30 points. When the number of
points is reduced to ten, the RMSD values are
strongly increased. Similar results were obtained
using the PLS-1 and PCR methods.

3.5. Calibration design and prediction

The effect of the size of the calibration set on
the RMSD and on the predictions of the in-
dependent test set was determined by reducing
and increasing the number of samples in the
experimental design. In this way, three calibra-
tion matrices were built, the first with twenty
samples (from Cl to C20), the second with
fifteen samples (from C1 to C15) and the third
with ten samples (from C1 to C10), whose
concentrations are presented in Table 2. The
results obtained by the PLS-2 method, given in
Table 7, show a small increase in the RMSD as
the number of samples in calibration is reduced.
Nevertheless, the predictions obtained were poor

Effect of time averaging on the RMSD values by the PLS-2 method

No. of seconds No. of RMSD
averaged® factors
Cypermethrin Fenvalerate trans-Permethrin cis-Permethrin
0 (180) 3 0.18 021 0.12 0.04
2(90) 3 0.18 0.21 0.12 0.04
3(60) 3 0.17 021 0.12 0.04
6 (30) 3 0.15 0.19 0.15 0.05
18 (10) 4 0.59 0.82 0.25 0.09

* Values in parentheses are the number of data points used.
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Table 7

Effect of sample number in the calibration matrix by the PLS-2 method

No. of No. of RMSD
samples factors
Cypermethrin Fenvalerate trans-Permethrin cis-Permethrin
20 6 0.08 0.15 0.11 0.02
15 3 0.18 0.21 0.12 0.04
10 4 0.19 0.25 0.12 0.04
Table 8

Recoveries of cypermethrin (Cyp), fenvalerate (Fen) and cis—trans-permethrin (Per) in the prediction set depending on samples number utilized for

the calibration matrix built

Test 10 samples (matrix) 15 samples (matrix) 20 samples (matrix)
No.

Cyp Fen t-Per c-Per Cyp Fen t-Per c-Per Cyp Fen t-Per c-Per
T1 1171 75.0 53.7 54.0 100.5 104.2 99.3 99.0 100.5 103.5 102.0 99.0
T2 142.7 74.8 59.1 59.5 108.0 108.0 97.1 98.3 107.7 107.3 100.3 99.1
T3 101.0 99.3 98.7 98.0 102.5 100.0 98.3 98.0 103.0 9.8 97.0 98.0
T4 100.3 91.0 99.3 99.6 100.2 95.7 99.8 99.4 100.3 88.0 100.4 100.0
TS 110.0 107.0 106.9 107.3 109.9 108.0 106.2 106.7 110.0 107.7 106.7 106.7
Té 97.3 102.0 109.3 108.0 983 106.0 106.0 106.0 98.3 105.8 103.3 106.0
T7 100.0 94.7 972 97.5 99.7 97.0 98.7 99.0 98.8 98.2 97.8 98.5
T8 100.0 100.4 99.1 99.3 99.5 101.9 100.9 100.7 989.3 102.1 100.0 100.7
T9 100.5 96.5 100.0 100.0 100.3 96.0 107.0 101.0 105.0 95.3 101.2 1010
T10 100.7 100.8 101.0 101.0 100.7 100.4 99.7 100.0 101.5 102.3 95.7 97.0
T11 98.8 98.5 100.4 100.7 98.9 97.8 100.0 100.0 99.3 97.0 100.7 107.0
T12 101.0 101.7 9.7 98.8 101.5 102.5 96.7 96.0 101.5 102.2 95.7 97.0

when the size of the calibration set was reduced
to ten samples (Table 8). In addition, the use of
the fifteen-sample calibration set reduces the
time necessary to perform the experimental work
and all the calibration calculations.

4. Conclusions

The effect of some preprocessing techniques
and the RMSD values of the calibration matrix
are similar for the PLS-1, PLS-2 and PCR cali-
bration methods. Mean-centering and the selec-
tion of a region of the chromatogram to realize
the calibration was found to be advantageous,
whereas smoothing, baseline correction and
averaging did not have a beneficial effect and
differentiation had a detrimental effect. On re-
ducing the number of calibration standards used
in modelling, the error of prediction increased

and the prediction on some samples was sig-
nificantly worse.
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