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Polycyclic aromatic hydrocarbons (PAHs) are widely 
distributed in the environment and are often implicated as 
potential carcinogens. Different methods such as liquid 
chromatography with spectrophotometric or spectrofluori- 
metric detection, capillary gas chromatography with mass 
spectrometric detection and supercritical fluid chromatography 
have been used to determine PAHs.1,2 The chromatographic 
methods of quantitative determination of PAHs in environ
mental samples are costly, time consuming, and unable to 
account for all kinds of PAHs. Recently the application of 
near infrared (NIR) spectroscopy to the determination of 
environmental samples is growing fast since it is rapid and 
non-destructive with less sample preparation time.3

Multivariate techniques are particularly suited for the 
determination of mixture composition from complex spectral 
data. One of the most popular multivariate techniques is the 
partial least squares regression (PLSR) that has been 
extensively described in chemomatrics literatures.4-7

The principle of PLSR is a modeling procedure that 
simultaneously estimates underlying principal component 
score metrics (T and U) and error metrics (Ex and Ey) in 
both spectrometric data set (X) and concentration data set 
(Y).8,9

X = TP + Ex (1)

Y = Uq + Ey (2)

Y = TBQ + Ey (3)
RMSEP = /£-上-^)2

N n
(4)

The factors is calculated by using nonlinear iterative partial 
least squares (NIPALS) algorithm.10,11 The PLS model is 
constructed by estimating inner relation (B) between the 
score for spectral data set (T) and concentration data set 
(U).10 The model validity can be evaluated by calculating 
root mean square errors of prediction using actual concent
ration (ca) and predicted concentrations (cp) of calibration 
data set which is consisted of n numbers of sample.4,12,13

This work describes a quantitative spectroscopic method 
to analyze mixtures of eight PAHs using multivariate calib
ration models for Fourier transform near-infrared (FT-NIR) 

spectral data. The constructed model validity was evaluated 
by estimating RMSEP.

Experiment지 Section

Samples. The PAHs used in this study were anthracene, 
pyrene, benzo(a)anthracene, perylene, chrysene, benzo(a)- 
pyrene, 1-methylanthracene and benzo(ghi)perylene. The 
PAH mixture solutions were prepared by dissolving appro
priate amount of each PAH standard in dichloromethane, 
and the numbers of standard solution were 100 for 
calibration and 40 for validation. The concentration range of 
each PAH was distributed from 0 to 260 mg L-1.

NIR spectra. NIR spectra of PAH solutions were recorded 
using a InfraProver II FTIR spectrometer (BRAN+LUEBBE, 
Germany). The spectra were measured in the region of 
10000-4000 cm-1 (1000-2500 nm) with interval of 12 cm-1 

in transmittance mode using a quartz cuvette with 1cm 
pathlength. The background was measured by using pure 
dichloromethane. The spectral data were processed using a 
partial least squares regression method.

Parti지 least squares regression. The PLSR method was 
used to make a model correlating x and Y, where x contains 
the NIR spectra and Y is a metrics containing the properties 
of interest. The model performance was validated by means 
of the cross validation.4 Multivariate calibration models were
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Figure 1. The structures of PAHs used in this study.
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built to correlate the NIR spectra and the concentrations of 
PAHs. The PLSR method used in this study was performed 
by using the SESAME program (ver. 3.1, BRAN+LUEBBE, 
Germany). The predictive performances of the PLSR models 
were assessed by RMSEP(root mean squares error of 
prediction) criterion.

Results and Discussion

For the quantitation of PAHs the NIR specta of PAH mix

ture solutions which contain different amounts of pyrene, 
benzo(a)pyrene, benzo(ghi)perylene, perylene, anthracene, 
1-methylanthracene, chrysene and benzo(a)anthracene were 
measured. The structures of PAHs used in this work are 
presented in Figure 1.

The second derivative was performed on raw NIR spectra 
using the whole wavelength range to correct for the baseline 
shifts and the handling scatter effects. Figure 2 shows the 
spectra of benzo(a)pyrene(BaP) in different concentrations. 
In Figure 2 the distinct spectral feature around 5280 cm-1 is

Figure 2. The second derivative near infrared spectra of benzo(a)pyrene in dichloromethane solutions: The concentration for each spectrum 
is 100, 50, 25, 12.5, 6.25, 3.13 and 1.56 mg kg-1, respectively.

Figure 3. Relationship between the actual total PAHs contents and the NIR predicted values by PLSR.
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Figure 4. Relationship between the actual Benzo(ghi)perylene contents and the NIR predicted values by PLSR.

Table 1. Analytical results of PAHs determined by FT-NIR using 
PLSR

Compounds CVSa No. of 
factor Spectrum" Rc RMSEP7

Total PAHs 31 7 2nd derivate 0.987 8.81
Benzo(a)pyrene 46 9 2nd derivate 0.957 6.35
Benzo(a)anthracene 34 1 Absorbance 0.888 10.60
Pyrene 51 5 Absorbance 0.939 12.24
Benzo(ghi)perylene 40 10 Absorbance 0.994 1.43
Anthracene 42 10 2nd derivate 0.985 7.85
Perylene 29 3 Absorbance 0.953 5.80
Chrysene 43 1 Absorbance 0.825 21.55
1-Methylanthracene 45 7 2nd derivate 0.942 5.85
aCVS (cross-validation segments) is the number of spectra selected for 
the calibration set. "The type of spectrum used for PLSR. cCorrelation 
coefficient. *The unit is mg L-1

observed for estimating the concentration of BaP
Figure 3 shows the relationship between the actual total 

PAH contents (x axis) and the NIR predicted values (y axis). 
Figure 4 shows the relationship between the actual contents 
of benzo(ghi)perylene and the NIR prediction values. A 
good correlation between the known concentrations and the 
NIR prediction values was obtained. The resulting value of 
correlation coefficient was 0.987 for the total PAHs, and 
0.957 for the BaP (Refer to Table 1).

We also tried to estimate the concentration of each PAH.
As shown in Table 1 the correlation coefficients were 0.888, 
0.939, 0.994, 0.985, 0.953, 0.825, and 0.942 for Benzo(a)-
anthracene, pyrene, benzo(ghi)perylene, anthracene, perylene, 
chrysene, and 1 -methylanthracene, respectively. The PAHs 
with less than 4 benzene rings such as chrysene, anthracene 
and benzo(a)anthacene show slightly lower correlation

coefficient and higher RMSEP. For the PAHs with more than 
5 benzene rings (perylene and benzo(ghi)perylene) or with 
methyl functional group (1-methylanthracene) have higher 
correlation coefficient and lower RMSEP.

Conclusion

It was possible to determine each PAH using NIR 
spectroscopy using PLSR at the environmental level (mg L-1) 
using laboratory-generated samples. Further development 
will lead to evaluate the same NIR spectra for the more 
PAHs in typical environmental samples with complex matrix.
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