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Abstract

The simultaneous determination of nitroaniline isomer mixtures by using spectrophotometric methods is a difficult problem in analytical
chemistry, due to spectral interferences. By multivariate calibration methods, such as partial least squares (PLS), it is possible to obtain a
model adjusted to the concentration values of the mixtures used in the calibration range. Orthogonal signal correction (OSC) is a preprocessing
technique used for removes the information unrelated to the target variables based on constrained principal component analysis. OSC is a
s hotometric
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uitable preprocessing method for partial least squares calibration of mixtures without loss of prediction capacity using spectrop
ethod. In this study, the calibration model is based on absorption spectra in the 200–500 nm range for 21 different mixtures of n

somers. Calibration matrices were containing 1–21, 1–15 and 1–18�g ml−1 ofm-nitroaniline,o-nitroaniline andp-nitroaniline, respectivel
he RMSEP form-nitroaniline,o-nitroaniline andp-nitroaniline with OSC and without OSC were 0.6567, 0.2692, and 0.3134, and 1
.2181, and 0.3953, respectively. This procedure allows the simultaneous determination of nitroaniline isomers in real matrix sa
ood reliability of the determination was proved.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Aniline and its substituted derivatives (meta,ortho and
ara-nitroanilines) are widely produced for a variety of in-
ustrial and commercial purposes, including dyestuff (as in-

ermediates) and pesticide manufacturing. Since these com-
ounds have significant water solubility, they are often
resent in wastewater discharges from such manufacturing

acilities. The toxic nature of anilines dictates that their dis-
harge concentrations be controlled, hence requiring the use
f a reliable analytical method for determining anilines in
uch aqueous effluents and surface waters as rivers in the
icinity of the factories.

A variety of analytical methods have been reported for the
etermination of selected anilines. Such analytical techniques

∗ Corresponding author. Tel.: +98 214075448; fax: +98 8318369572.
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have been included: gas chromatography[1,2], high perfor-
mance liquid chromatography[3], flow injection analysi
[4], liquid chromatography[5], voltammetry[6–9] and spec
trophotometry[10–13]. In general only the GC and HPL
approaches have been sufficiently sensitive and select
detect anilines in complex environmental media. But a sim
and rapid spectrophotometric method is demand for det
nation of these dangerous compounds in surface water

One of the main drawbacks of the application of sp
trophotometric methods in the simultaneous determin
of aniline derivatives is the high degree of spectral ove
ping of these constituents. Nowadays combination of che
metrics methods with the computer-controlled instrum
to monitor the molecular absorption spectra creates a po
ful method in multicomponent analysis avoiding prelimin
separation step[14].

The application of quantitative chemometrics m
ods, particularly partial least squares (PLS) to multiva
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chemical data is becoming more widespread owing to the
availability of digitized spectroscopic data and commercial
software for laboratory computers. Each method needs a cal-
ibration step, where the relationship between the spectra and
the component concentration is deduced from a set of ref-
erence samples, followed by a prediction step in which the
results of the calibration are used to determine the component
concentrations from the sample spectrum. The basic concept
of PLS regression was originally developed by Wold[15,16]
and application of PLS in spectrometry have been discussed
by several workers[17–20]. In addition, several multicompo-
nent determinations based on the application of these meth-
ods to spectrophotometric data have been reported[21–27].

Orthogonal signal correction (OSC) was introduced by
Wold et al.[28] to remove systematic variation from the re-
sponse matrixX that is unrelated, or orthogonal, to the prop-
erty matrixY. Therefore, one can be certain that important
information regarding the analyte is retained. Since then, sev-
eral groups[29–35]have published various OSC algorithms
in an attempt to reduce model complexity by removing or-
thogonal components from the signal.

This paper describes an analytical methodology for si-
multaneous determination of nitroaniline isomers using spec-
trophotometric method and a multivariate calibration tech-
nique (partial least squares) with preprocessing by orthogo-
n or-
t PLS)
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Standards of working solution were made by appropriate di-
lution daily as required. A universal buffer solution (pH 7.0)
was prepared by Ref.[37].

2.2. Instrumentation and software

A Hewlett-Packard 8453 diode array spectrophotometer
controlled by a Hewlett-Packard computer and equipped with
a 1 cm pathlength quartz cell was used for UV–vis spec-
tra acquisition. Data acquisition between 200 and 500 nm
were performed with UV–vis ChemStation program (Agilent
Technologies), running under Windows XP. A Metrohm 692
pH-meter furnished with a combined glass-saturated calomel
electrode was calibrated with at least two buffer solutions at
pH 3.00 and 9.00.

The data were treated in an AMD 2000 XP (256 Mb RAM)
microcomputer using MATLAB software, version 6.5 (The
MathWorks). OSC and PLS calculus were carried out in the
‘PLS Toolbox’, version 2.0 (Eigenvectors Company).

2.3. Procedure

2.3.1. Standard calibration set
A mixture design was used to maximize statistically the

information content in the spectra[38–40]. A training set
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al signal correction. The aim of this work is to propose
hogonal signal correction–partial least squares (OSC–
ethod to resolve ternary mixtures of nitroaniline isom

n river, tap and waste waters without prior separation
ur knowledge this is the first spectrophotometric repor

he direct determination of nitroanilines, without any prim
hemical reaction, like diazotization, or separating step

Generally for the evaluation of the predictive ability o
ultivariate calibration model, the root mean square err
rediction (RMSEP) and relative standard error of predic
RSEP) can be used[36]:

MSEP=
√∑n

i=1(ypred− yobs)2

n

SEP (%)= 100×
√∑n

i=1(ypred− yobs)2∑
(yobs)2

hereypred is the predicted concentration in the sample,yobs
he observed value of the concentration in the sample an
he number of samples in the validation set.

. Experimental

.1. Reagents and standard solutions

All the chemicals used were of analytical reagent gr
ub-boiling, distilled water was used throughout. Stock
utions of nitroaniline isomers were purchased from Flu
f 21 samples was taken (Table 1). The concentration
-nitroaniline,o-nitroaniline andp-nitroaniline were varie
etween 1.0–21.0, 1.0–15.0 and 1.0–18.0�g ml−1, respec
ively. The mixed standard solutions were placed in a 1
olumetric flask and completed to the final volume w
eionized water (final pH 7.0). The absorption spectra w
ecorded between 200 and 500 nm against a blank of univ

able 1
oncentration data of the different mixtures used in the calibration s

he determination of nitroaniline isomers

ixture Meta Ortho Para

1 1 1 18
2 5 1 14.6
3 9 1 11.2
4 13 1 7.8
5 17 1 4.4
6 21 1 1
7 17 3.8 1
8 13 6.6 1
9 9 9.4 1
10 5 12.2 1
11 1 15 1
12 1 12.2 4.4
13 1 9.4 7.8
14 1 6.6 11.2
15 1 3.8 14.6
16 5 3.8 11.2
17 9 3.8 7.8
18 13 3.8 4.4
19 5 6.6 7.8
20 9 6.6 4.4
21 5 9.4 4.4

nit: �g ml−1.
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buffer. The spectral region between 200 and 500 nm, which
implies working with 301 experimental points per spectra
(as the spectra are digitized each 1.0 nm), was selected for
analysis, because this is the zone with the maximum spectral
information from the mixture components of interest. All ab-
sorption data are preprocessed by standard meancentring and
scaling.

2.3.2. Prediction set and analysis of real samples
For prediction set, seven mixtures prepared, that were not

included in the previous set were employed as an independent
test (Table 2). The real samples in this study were collected in
surface waters from Tag-e-Bostan (Fontal water), from Gar-e-
Soo (waste water). The range concentrations were added to be
1.0–21.0, 1.0–15.0 and 1.0–18.0�g ml−1 form-nitroaniline,
o-nitroaniline andp-nitroaniline, respectively.

3. Results and discussion

3.1. Selection of the optimum chemical conditions

Fig. 1 shows the absorption spectra in aqueous solution
of individual nitroaniline isomers at pH 7.0. With the aim
of investigation the possibility of determining nitroaniline
i ere
s each
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Fig. 1. Typical spectrum of the individual nitroaniline isomers at pH 7.0.

1.0–18.0�g ml−1 for m-nitroaniline,o-nitroaniline andp-
nitroaniline, respectively. The wavelengths used to gener-
ated calibration curves were 251, 225 and 381 nm form-
nitroaniline,o-nitroaniline andp-nitroaniline, respectively.

Fig. 2. Analytical curves for univariate determination of nitroaniline iso-
mers.
somers in mixtures, the optimum working conditions w
tudied under the conditions previously established for
itroaniline isomers. A universal buffer solution of pH
as selected. In order to select the optimum pH valu
hich the minimum overlap occurs, influences of the pH

he medium on the absorption spectra of nitroaniline iso
ere studied over the pH range 4.0–10.0.
Individual calibration curves were constructed with s

ral points (Fig. 2), as absorbance versus nitroaniline
ers concentration in the range 1.0–21.0, 1.0–15.0

able 2
dded and found results of synthetic mixtures of nitroaniline isomers

dded Found Recovery (%)

eta Ortho Para Meta Ortho Para Meta Ortho P

y PLS method
4.0 1.5 15.0 4.66 1.12 14.75 116.5 74.7 98.3
6.0 1.2 4.0 16.02 1.27 4.91 100.1 105.8 122
2.0 6.8 1.2 12.23 6.78 1.43 101.9 99.7 119.2
0.5 3.0 7.2 10.43 3.27 7.22 104.3 109.0 100
9.0 6.0 4.5 8.75 6.52 4.71 97.2 108.7 104
7.0 5.0 8.5 10.56 1.87 8.82 150.9 37.4 103.8
2.3 11.0 4.0 2.67 11.31 4.06 116.1 102.8 101

y OSC–PLS method
4.0 1.5 15.0 4.17 1.58 14.60 104.3 105.3 97.3
6.0 1.2 4.0 17.18 1.12 4.10 107.4 93.3 102.5
2.0 6.8 1.2 12.75 6.64 1.16 106.3 97.6 96.7
0.5 3.0 7.2 11.12 3.18 6.75 111.2 106.0 93.8
9.0 6.0 4.5 9.77 6.18 4.25 108.6 103.0 94.4
7.0 5.0 8.5 6.76 5.21 8.00 96.6 104.2 94.1
2.3 11.0 4.0 2.30 11.6 4.03 100.0 105.5 100.

nit: �g ml−1.
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Linear regression results, line equations andR2 are shown in
Fig. 2.

3.2. Calibration and validation

According to Section2.3.1, the calibration matrix was de-
signed. InTable 1, the compositions of the ternary mixtures
used in the calibration matrices are summarized. For predic-
tion set, seven mixtures were prepared according to Section
2.3.2 (seeTable 2). To ensure that the prediction and real
samples are in the subspace of training set, the score plot of
first principal component versus second was sketched and all
the samples are spanned with the training set scores.

3.3. Preprocessing by orthogonal signal correction

For calibration set three OSC components were used for
filtering. Evaluation of the prediction errors for the validation
set reveals that the OSC treated data give substantially lower
RMSEP values than original data. Also, the OSC-filtered data
give much simpler calibration models with fewer components
than the ones based on original data. The results imply that
the OSC method indeed removes information from UV–vis
data that is not necessary for fitting of theY-variables. In
some cases the OSC method also removes non-linear rela-
t nd
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Fig. 3. Plots of first principal component against second principal compo-
nent for nitroaniline isomers determination: (a) by PLS model, and (b) by
OSC–PLS model.

for unknown samples that were not included in the model.
A solution to this problem has been suggested by Haaland et
al. [38] in which the PRESS values for all previous factors
are compared to the PRESS value at the minimum. TheF-
statistical test can be used to determine the significance of
PRESS values greater than the minimum.

The maximum number of factors used to calculate the op-
timum PRESS was selected as 11 and the optimum number
of factors obtained by the application of PLS and OSC–PLS
models are summarized inTable 3. In all instances, the num-
ber of factors for the first PRESS values whoseF-ratio prob-
ability drops below 0.75 was selected as the optimum. In

Table 3
Statistical parameters of the optimized matrix using the OSC–PLS and PLS

Nitroaniline isomer NPCa PRESS RMSEP RSEP (%)

m-Nitroanilineb 4 0.0677 0.6567 6.7551
o-Nitroanilineb 4 0.0083 0.2692 4.5887
p-Nitroanilineb 4 0.0628 0.3134 4.1314
m-Nitroanilinec 4 0.8630 1.3818 14.2146
o-Nitroanilinec 4 0.7034 1.2181 20.7625
p-Nitroanilinec 4 0.6277 0.3953 5.2116

a Number of principal component.
b Using OSC–PLS.
c Using PLS.
ionships betweenX andY. The score plots for the PLS a
SC–PLS are shown inFig. 3. As score plots reveal the ge
etrical placement of the solutions in principal compon

pace. The experimental noise can destroy this relatio
y removing the noise using OSC filtering, the OSC–
core plots depicted in a more clear way the location o
olutions in the scores map which are the same as trian
xperimental design was used in preparation of calibra
nd prediction solution sets.

.4. Selection of the optimum number of factors

The optimum number of factors (latent variables) to
ncluded in the calibration model was determined by com
ng the prediction error sum of squares (PRESS) for cr
alidated models using a high number of factors (half
umber of total standard + 1), which is defined as follow

RESS=
∑

(yi − ŷi)
2

hereyi is the reference concentration for theith sample
nd ŷi represents the estimated concentration. The c
alidation method employed was to eliminate only one s
le at a time and then PLS calibrate the remaining stan
pectra. By using this calibration the concentration of
ample, left out was predicted. This process was rep
ntil each standard had been left out once.

One reasonable choice for the optimum number of fac
ould be that number which yielded the minimum PRE
ince there are a finite number of samples in the training

n many cases the minimum PRESS value causes over
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Fig. 4. Plots of PRESS vs. number of factors by PLS and OSC–PLS.

Fig. 4, the PRESS obtained by optimizing the calibration ma-
trix of the absorbance data with PLS and OSC–PLS models
is shown.

3.5. Determination of nitroaniline isomers in synthetic
mixtures

The predictive ability of method was determined using
seven three-component nitroaniline isomers mixtures (their
compositions are given inTable 2). The results obtained by
applying PLS and OSC–PLS algorithm to seven synthetic
samples are listed inTable 2.Table 2also shows the recovery

Table 4
OSC–PLS results applied on the real matrix samples

Type of water Added Found

Meta Ortho Para Meta Ortho Para

Tap water 5.0 10.0 4.0 5.27 (2.42)a 9.55 (1.64) 3.99 (2.86)
Tap water 10.5 6.0 4.5 10.43 (1.42) 5.57 (2.13) 4.43 (2.42)
Tag-e-Bostan (frontal) 12.0 5.0 4.0 11.83 (1.21) 4.79 (2.06) 4.19 (2.75)
Gar-e-Soo (waste) 6.5 11.0 1.1 6.33 (2.06) 11.13 (1.08) 1.77 (3.36)

Unit: �g ml−1.
a Value in parentheses are relative S.D. forn = 3.

Fig. 5. Plots of predicted concentration vs actual concentration for nitroani-
line isomers by PLS and OSC–PLS.

for prediction series of nitroaniline isomers mixtures. As can
be seen, the recovery was also quite acceptable. The root
mean square error of prediction and relative standard error
of prediction results are summarized inTable 3. The plots of
the predicted concentration versus actual values are shown in
Fig. 5 for nitroaniline isomers (line equations andR2 values
are also shown).
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3.6. Determination of nitroaniline isomers in real
samples

In order to test the applicability and matrix interferences
of the proposed method to the analysis of real samples, the
method was applied in a variety of situations. For this pur-
pose, diverse spiked samples and reference materials were
analyzed.Table 4shows the results obtained for real matrix
samples. Therefore, the OSC–PLS model is able to predict
the concentrations of each nitroaniline isomers in the real
matrix sample.

4. Conclusion

The nitroaniline isomers mixture is an extremely diffi-
cult complex system due to the high spectral overlapping ob-
served between the absorption spectra for their components.
For overcoming the drawback of spectral interferences PLS
multivariate calibration approaches are applied. In addition,
the present study shows that the OSC can be a good method
to remove systematic variation from the response matrixX
that is unrelated, or orthogonal, to the property matrixY.
Therefore, one can be certain that important information re-
garding the analyte is retained. The good agreement clearly
demonstrates the utility of this procedure for the simultane-
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