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a  b  s  t  r  a  c  t

This work  presents  the  development  and  validation  of  a multivariate  method  for  quantitation  of
6  potentially  allergenic  substances  (PAS)  related  to fragrances  by ultrasound-assisted  emulsification
microextraction  coupled  with HPLC-DAD  and  PARAFAC2  in  the  presence  of  other  18  PAS.  The  objec-
tive  is  the  extension  of a previously  proposed  univariate  method  to be able  to  determine  the  24  PAS
currently  considered  as  allergens.  The  suitability  of  the multivariate  approach  for  the  qualitative  and
quantitative  analysis  of  the analytes  is  discussed  through  datasets  of  increasing  complexity,  compris-
ing  the  assessment  and  validation  of  the  method  performance.  PARAFAC2  showed  to  adequately  model
the  data  facing  up different  instrumental  and  chemical  issues,  such  as co-elution  profiles,  overlapping
spectra,  unknown  interfering  compounds,  retention  time  shifts  and  baseline  drifts.  Satisfactory  quality
parameters  of  the  model  performance  were  obtained  (R2 ≥ 0.94),  as  well  as  meaningful  chromatographic
osmetic
ulti-way

and  spectral  profiles  (r ≥ 0.97).  Moreover,  low  errors  of  prediction  in  external  validation  standards  (below
15%  in  most  cases)  as well  as  acceptable  quantification  errors  in  real  spiked  samples  (recoveries  from  82
to 119%)  confirmed  the  suitability  of  PARAFAC2  for resolution  and  quantification  of  the PAS. The combi-
nation  of the  previously  proposed  univariate  approach,  for  the  well-resolved  peaks,  with  the  developed
multivariate  method  allows  the  determination  of  the  24 regulated  PAS.

© 2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

Fragrances are important components of many products present
n our daily life such as perfumes, cosmetics, personal care
tems, household and laundry products. Nowadays, there are more
han 2500 fragrance ingredients, and although they are generally
nnocuous, they can sometimes cause skin irritation or allergic reac-
ions. Indeed, currently, there is a list of 24 chemical compounds
nd two natural moss extracts related to fragrances with a well-
nown potential to cause allergic reactions [1,2]. These are known
n the literature as potentially allergenic substances (PAS), and their
sage in cosmetics must be declared on the label if their concen-

ration is higher than 0.001% in leave-on products, and 0.01% in
inse-off products [3]. In addition, as PAS are present in all kind
f cosmetics, they can be easily transferred to water in contact

∗ Corresponding author.
E-mail address: jessica.perez@ehu.eus (J. Pérez-Outeiral).

ttps://doi.org/10.1016/j.chroma.2017.10.034
021-9673/© 2017 Elsevier B.V. All rights reserved.
with human body, where their widespread occurrence is notori-
ous [4–6]. Therefore, there is a great interest in the development
of sensitive analytical methods for PAS determination in cosmetic
and water samples in order to check compliance with the current
cosmetic legislation and to assure the quality of the water.

The usual analytical methods for the determination of PAS
are mainly based on Gas Chromatography-Mass Spectrometry
(GC–MS) systems [7–10]. To enhance the separation capability of
this technique in complex samples, different methods based on
multidimensional chromatography have been proposed [11–13],
or more complex detectors have been used [14,15]. Furthermore,
GC–MS systems have also been widely coupled to diverse sample
pre-treatment techniques in order to preconcentrate and/or sepa-
rate the analytes prior to determination. Used sample preparation
techniques include liquid extraction [16,17], matrix solid-phase

dispersion (MSPD) [18], micro-MSPD [15], solid-phase microex-
traction (SPME) [4], headspace (HS) SPME [6,19,20], pressurized
liquid extraction [21,22], dispersive liquid–liquid microextrac-
tion [23] ultrasound-assisted emulsification microextraction [5]

https://doi.org/10.1016/j.chroma.2017.10.034
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chroma.2017.10.034&domain=pdf
mailto:jessica.perez@ehu.eus
https://doi.org/10.1016/j.chroma.2017.10.034
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nd dispersive solid phase extraction [24]. Far less often, GC-
lfactometry has been used as supplement to GC–MS analysis [25]
nd the use of GC with flame ionization detector has been proposed
oupled to SPME as well [26,27].

Apart from GC, other techniques such as liquid chromatography-
S [28], microemulsion electrokinetic chromatography-diode

rray detection (MEEKC-DAD) [29], micellar electrokinetic
hromatography-DAD (MEKC-DAD) [30], attenuated total
eflectance infrared spectroscopy (ATR-IR) [31] and high per-
ormance liquid chromatography-DAD (HPLC-DAD) [32] have also
een used for determination of PAS. However, these alternative
echniques were less sensitive than GC–MS systems. Besides,
p to our knowledge, only HPLC-DAD has been successfully
pplied with a pre-treatment procedure in order to improve the
ensitivity of the method [33]. In this previous work, we applied
ltrasound-assisted emulsification microextraction followed by
he solidification of the floating organic drop (USAEME-SFOD) as a
ample pre-treatment technique to determine 18 PAS by posterior
nalysis with HPLC coupled with diode array detection (DAD). This
imple pre-treatment allowed decreasing the limits of detection
LODs) in the PAS determination by HPLC-DAD, showing all the
dvantages of USAEME and SFOD techniques: analyte extraction
as fast and efficient due to the high superficial area between

he extraction solvent and the sample, and the technique was
on-expensive and environmentally friendly due to the use of low
olumes of practically non-toxic solvents [34,35]. Nevertheless,
he main drawback of this method was its limited capability
o univariately quantify only 18 out of the 24 PAS correspond-
ng to well-defined chemical substances giving well-defined
hromatographic peaks.

Ideally, well-resolved and not-overlapped peaks are desired for
ll the analytes present in a sample measured by chromatography,
o that the quantification can be relatively easily achieved by uni-
ariate regression. However, this situation is not always possible
nd it is frequent to have partially (or even totally) overlapped
eaks due to the complexity of the sample matrices, technical lim-

tations, or simply due to the fact that faster analysis times are
referred. These instrumental and chemical issues hamper the per-
ormance of univariate methods for chromatographic data analysis,
s occurs when the method developed to determine 18 PAS [33]
as tested to quantify all the 24 PAS simultaneously. Fortunately,
ulti-way data analysis methods can overcome these issues pro-

iding adequate quantitative and qualitative information if proper
ata are available [36].

Hyphenated chromatographic systems, like HPLC-DAD, com-
ine online separation techniques and spectroscopic detection
ethods to exploit the advantages of both approaches. These

ystems generate two-dimensional data (matrix) per sample by
ecording the signal intensity as a function of the spectral and
lution dimensions. In this way, several samples (Fig. 1a) can be
rranged together into three-way array structures (data cube),
here the recorded signal (absorbance) is a function of the sam-
le (K), the retention time (I) and the wavelength (J). This type of
ata is known as “second-order” data and it may  be treated with
ultivariate methods that hold the so-called “second-order advan-

age”, which is the property of quantifying analytes even if there are
nknown interfering compounds not previously modelled [37–40].

These three-way data arrays can be studied using a family of
esolution models called three-way methods [36,38]. Amongst all
he possible techniques, PARAllel FACtor Analysis (PARAFAC) has
een frequently used to model multi-way chromatographic data
36,41,42]. PARAFAC is a decomposition method with which data

rrays are decomposed as a sum of triple products of vectors [43].
hese vectors are called loadings and each triplet of loading vectors
s called “component”. Each component represents a source of data
ariation (it can be a compound, baseline. . .),  and when chromato-
togr. A 1526 (2017) 82–92 83

graphic data is decomposed, loadings of a component represent its
chromatographic profile, its spectral profile and its relative weight
in the different samples. The different loading vectors for all compo-
nents can be arranged into three matrices (A–C), each one defining
one mode (chromatographic, spectral and sample modes). Fig. 1b.
shows a typical graphical representation of PARAFAC decomposi-
tion of data into a model with R components. As it can be seen,
each component is defined by a unique chromatographic (retention
time) loading in all samples (as example, the chromatographic load-
ing of the first component is depicted by a blue curve and the one of
the R component by a green curve). However, retention time shifts
from sample to sample are frequent in chromatography as well
as peak-shape changes and baseline drifts [44] and, therefore, all
samples cannot always be explained by the same chromatographic
loadings. In these cases, in order to make the data analyzable by
PARAFAC, proper data pre-processing must be done prior to analy-
sis. For example, correlation optimized warping (COW) can be used
for peak alignment [45,46]. Nevertheless, data pre-processing can
be complex and time consuming. An alternative to face this problem
is to use PARAFAC2, which obtains different (but related) elution
profiles for each of the analyzed samples [47–49]. Fig. 1c. shows a
graphical representation of PARAFAC2 decomposition. In this case,
for figure clarity, only the curves of the different chromatographic
loading of two  components have been depicted.

In this work, the applicability of PARAFAC2 for the extension
of the USAEME-SFOD method coupled to HPLC-DAD [33] to deter-
mine hydroxycitronellal, coumarin, lyral, eugenol, citronellol and
farnesol when the other 18 regulated PAS are present has been stud-
ied. These 6 compounds showed overlapped peaks when the 24 PAS
were analysed simultaneously and quantification could not be done
univariately even though different chromatographic conditions
were probed. The application of a pre-concentration technique
together with chemometrics to the analysis by HPLC-DAD is
expected to improve both sensitivity and selectivity, spreading out
the applications of the method.

2. Materials and methods

2.1. Reagents and standards

Hydroxycitronellal (95%), coumarin (99%), eugenol (99%), cit-
ronellol (95%), farnesol (98%), anisyl alcohol (98%), benzyl alcohol
(99%), cinnamyl alcohol (98%), cinnamal (95%), isoeugenol (98%),
geraniol (98%), linalool (97%), citral (96%), methyl-2-octynoate
(99%), benzyl benzoate (99%) benzyl salicylate (99%), benzyl cinna-
mate (99%), lilial (98%), amyl cinnamal (97%), �-isomethyl ionone
(85%) hexyl cinnamal (95%) and limonene (96%) were all purchased
from Sigma-Aldrich (Barcelona, Spain). Exceptions were lyral (97%)
and amylcinnamyl alcohol (45.5%), which were supplied by Dr.
Ehrenstorfer (Augsburg, Germany).

Acetonitrile (HPLC grade) was obtained from Romil (Cambridge,
UK), 2-dodecanol (99%) was  acquired from Sigma-Aldrich (Madrid,
Spain), acetonitrile was obtained from Panreac (Barcelona, Spain)
and doubly distilled water was  used throughout the whole work.

2.2. Instrumentation, experimental procedure, chromatographic
conditions and intervals selection

Experimental procedure, instrumentation and chromatographic
conditions were reproduced as in [33]. In brief, the experimen-
tal procedure consisted on an ultrasound-assisted emulsification

microextraction technique followed by the solidification of the
floating organic drop and the coupling to HPLC-DAD.

The USAEME-SFOD procedure started with the addition of 50 �L
of 2-dodecanol (extraction solvent) to a previously prepared appro-
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f  the three-way data array into a R factor model and c) PARAFAC2 decomposition 

riate 10 mL  solution containing the analytes and 150 g/L salt. After
reparation, the solution was gently shaken by hand and soni-
ated at 35 kHz and 35 ± 1 ◦C during 5 min, to form an emulsion
f extraction solvent in water. This emulsion was later disrupted
y centrifugation at 4500 rpm for 15 min, and the vial was then
laced into a thermostatic bath at 3 ◦C for 15 min, for the solidifi-
ation of the resulting organic drop. Once solidified, the drop was
ollected with a spatula, transferred to an Eppendorf vial and let
elt at room temperature. Then, 25 �L of that drop was collected

nd mixed with 20 �L of methanol to make it compatible with the
PLC mobile phase. Finally, the mixture was injected in the HPLC
nd subjected to analysis.

In the chromatographer, gradient elution with water and ace-
onitrile and changes in flow were used for separation along the
DB-C18 column. Specifically, the initial mobile phase (50% ace-

onitrile) was held for 6.5 min, and then acetonitrile content was
ncreased to reach 60% in min  15, 80% in min  32 and 90% in min
2.5, where it was maintained for a min. Then, acetonitrile com-
osition was decreased in 0.5 min  to reach the starting conditions
gain, which was  maintained from min  34–41 to obtain the last
eaks and homogenize the system. Regarding the flow, it was  main-
ained at 0.5 mL/min for 15 min, it was raised to reach 1 mL/min in

in  16, and then it was kept until the end.
Fig. 2a shows in black a typical HPLC-DAD chromatogram (at
00 nm)  of a mixed standard sample containing the 24 regulated
AS. In this figure, analytes represented by numbers are the ones
etermined univariately in [33] and analytes represented by letters
re the ones to be multivariately determined herein. The identifica-
 hyphenated chromatographic systems like HPLC-DAD, b) PARAFAC decomposition
three-way data array into a two factors model.

tion of the peaks was done by comparison of the retention time and
the UV–vis spectrum of each peak in the chromatogram with those
of the single reference standards. In the same figure, in grey, a blank
chromatogram obtained after applying the entire procedure to a
sample without analytes has also been represented. In the blank
some peaks probably due to the extractant can be observed, but
they do not overlap with analytes marked with letters (to be multi-
variately determined). In addition, although some of them overlap
with the analytes marked with numbers (univariately quantified),
they do not difficult their determination, as peaks are reproducible
from sample to sample.

As it can be seen in Fig. 2a, there are four regions with problems
of severely overlapped peaks (intervals 1–4). In Fig. 2b a zoom-in
of each of those intervals is presented together with the UV–vis
spectrum of each present compound.

2.3. Datasets

Chromatographic runs of 40 min  were performed, recording a
complete spectrum between 190 and 800 nm every 1.2 nm and
every 0.01 min. From them, only the time intervals with over-
lapping peaks (intervals 1–4) were considered, as the efficiency
of PARAFAC2 in terms of both, interpretability and computation
time, is increased when only local intervals are taken [50]. Selected

intervals were 8.2–9.6 min  (interval 1), 13.5–15.2 min (interval
2), 19.8–21.3 min  (interval 3) and 30.5.32.5 min (interval 4) min
respectively. A different spectral region was considered for each
interval: From 197 to 355 nm (interval 1), from 197 to 336 nm
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Fig. 2. a) In black: HPLC–DAD chromatogram at 200 nm of a standard mixture of the 24 regulated PAS. Concentration level was  0.8 �g/mL for all the analytes except for
hydroxycitronellal (136 �g/mL), lyral (8.37 �g/mL) and farnesol (1.98 �g/mL). Assignation of peaks: 1: anise alcohol; 2: benzyl alcohol; 3: cinnamyl alcohol; 4: cinnamal; 5:
isoeugenol; 6: geraniol; 7: linalool; 8: citral; 9: methyl-2-octynoate; 10: amylcinnamyl alcohol; 11: benzyl benzoate; 12: benzyl salicylate; 13: benzyl cinnamate; 14: lilial;
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5:  amyl cinnamal; 16: alpha-isomethyl ionone; 17: hexyl cinnamal; 18: limonene;
lank  chromatogram obtained after applying all the procedure to a sample witho
pectra  of the analytes present in them.

interval 2), from 200 to 405 nm (interval 3), and from 197 to
35 nm (interval 4). The cut-off point of the mobile phase (short
avelengths) [51] and the zone of the spectra with no absorbance

long wavelengths) were then avoided. Formed sample matrices
I x J) were of size: 133 × 128 (interval 1), 158 × 113 (interval 2),
40 × 165 (interval 3) and 188 × 113 (interval 4), where I symbol-

zes the number of elution times considered and J the number of
avelengths. Under these defined conditions, the following differ-

nt datasets with diverse conditions of sample complexity were
easured, where only the concentration values corresponding to

he 10 analytes in the selected intervals are specified:
.3.1. Calibration set of standards
A set of 10 calibration standards was measured in triplicate. Con-

entrations of the analytes were c.a. 0.01, 0.02, 0.05, 0.1, 0.2, 0.4, 0.6,
roxycitronellal; b: coumarin; c: lyral; d: eugenol, e: citronellol; f: farnesol. In grey:
lytes. b) Zoom-in of the intervals with problems of overlapped peaks and UV–vis

0.8 and 1 �g/mL. Exceptions were hydroxycitronellal (15.9, 19.7,
25.1, 47.8, 60.3, 77.1, 97.7, 117, 137 and 153 �g/mL) lyral (10.5,
8.37, 6.29, 4.19, 2.10, 1.05, 0.524, 0.293, 0.0880 and 0.0880 �g/mL)
and farnesol (3.96, 1.98, 0.991, 0.793, 0.595, 0.396, 0.198, 0.158,
0.0793 and 0.0369 �g/mL).

2.3.2. Validation set of standards
For validation at intervals 1, 2 and 4, a set of 36 standards was

prepared and measured at two  different concentration levels. Lev-
els were 0.08 �g/mL and 0.8 �g/mL for all the analytes, with the
exception of hydroxycitronellal studied at 59.9 and 136 �g/mL,

lyral at 1.05 and 8.37 �g/mL, and farnesol at 0.396 and 1.98 �g/mL,
respectively.

For interval 3, a set of 54 standards was  prepared at three
concentration levels. Low and high levels were around 0.08 and
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.8 �g/mL respectively for both analytes and medium level was

.457 �g/mL for citronellol and 0.261 �g/mL for citral.

.3.3. Real set samples
Real samples comprised four eau de toilettes (ET1, ET2, ET3 and

T4), one eau de cologne (EC), one eau de parfum (EP), one body
ilk (BM), one swimming pool water (SPW) and two different baby

ath waters (BBW1 and BBW2). Baby bath waters are waters taken
rom bathtubs after babies had been bathed. Non-aqueous samples
ere diluted before injection in the HPLC for making the samples

ompatible with the instrument (as direct injection of that kind of
amples is not recommendable). Given the different concentrations
f fragrance allergens even inside the same sample, dilutions were
arried out in order to be able to determine all the present analytes
n all the samples. Dilutions ranged from 0.0029 g to 1.0077 g in
0 mL.  No dilution was applied for SPW, BBW1 and BBW2 samples.

.3.4. Recovery set samples
This dataset consisted of six real samples (triplicates of BBW1

nd EC) spiked with all the analytes. In general, EC samples were
repared by dissolving 1 g of EC in 50 mL  with the appropriate salt
33]. However, EC contains quantifiable amount of citral, and thus,
or quantification in interval 3, only 0.01 g of EC were used. Salt
ddition but no dilution was necessary for BBW1 samples in all
he intervals. All samples were spiked to have final concentrations
round 0.5 �g/mL for all the analytes, except for hydroxycitronel-
al, lyral and farnesol, which had concentrations of 110, 5.83 and
.888 �g/mL, respectively.

.4. Software

All PARAFAC2 analyses were performed using the PLS-Toolbox
Version 8.1) (Eigenvector Research, Wenatchee, USA) under MAT-
AB environment (version R2013b, Mathworks, Natick, USA).

. Methodology

For the different intervals, previous defined datasets were used
n order to evaluate and validate the performance of the proposed

ethod as follows:
Step 1: The calibration dataset was firstly studied in order to

ssess the feasibility of PARAFAC2 to correctly resolve the chro-
atographic and spectral profiles of the studied PAS and quantify

hem. The performance of the calibration models for the different
AS is evaluated through statistical quality parameters.

Step 2: The evaluation of the predictive ability of PARAFAC2 was
arried out using the validation dataset as an external dataset of
imilar nature to the one used in calibration.

Step 3: The set of real samples was used to quantitatively ana-
yze the selected PAS in real samples and test the performance
f the models in the presence of various not previously modelled
nterfering compounds.

Step 4: Finally, the validation of the performance of the method
or PAS quantification was accomplished using real spiked samples
recovery dataset).

In steps 2–4 the different datasets are modelled together with
he calibration dataset in order to perform the quantitative analy-
is of the selected PAS using the calculated calibration curve. Then,
or each interval and step, a three-way data array X (I x J x K) was
onstructed and analyzed by PARAFAC2, where K is the number of
amples (I and J have been previously defined). The main problem
hen different datasets were analyzed together (steps 2–4) was
he retention time-shifts observed between chromatograms, which
an be attributable either to loss of column resolution between
arly data (calibration and validation) and late data (recovery),
o time passage (6 months) or to room temperature variations.
togr. A 1526 (2017) 82–92

The application of PARAFAC2 to the available datasets in differ-
ent steps was selected because the models obtained showed a
better performance than the ones obtained when all the samples
were simultaneously used. This is probably due to the different
characteristics of each type of samples, each showing a different
problem. This procedure has been previously applied with satis-
factory results [52,53].

3.1. PARAFAC2

PARAFAC2 [47,48] is a powerful tool for the resolution of chro-
matographic data with varying retention time profiles [54] based on
PARAFAC. It decomposes the three-way data into different matri-
ces; two  of those matrices express information in two of the modes
(one matrix per mode, in chromatography spectral and sample
mode), and for the other mode the algorithm is able to extract a
different matrix for each sample, which allows describing different
retention time profiles for each of the analyzed chromatograms.
PARAFAC2 is graphically represented in Fig. 1c, where each sample
is modelled as in Eq. (2).

XK = ADK BT
K + EK (2)

Where XK (I x J) represents the chromatographic data related to
the kth sample, A (J x R) is the loading matrix of one mode (holding
in this case the resolved UV spectra for the R components), Dk (K x
R) is the diagonal matrix with the kth row of the sample mode (C)
on its diagonal, B (I x R) holds a loading matrix for each sample of
this mode (in this case, an estimate of the individual elution pro-
files for each of the R factors), and Ek is the matrix of residuals. In
this way, a different chromatographic profile can be used for mod-
elling each of the samples, allowing dealing with different common
chromatographic artifacts [44]. It has to be remarked that although
in PARAFAC2 we  can obtain a different B profile for each sample,
the possible Bs are restricted, as the cross-product of Bk has to be
constant over all the samples. This implies that the elution pro-
files of the different samples may  differ but should be somehow
related [47,54]. Along this work, chromatographic loadings will be
referred as first mode (since it is the one which can handle varia-
tions), spectral loadings as second mode and sample mode as third
mode.

Moreover, the application of different constraints to PARAFAC2
models can help to find stable solutions with real chemical meaning
[55,56]. In this case, non-negativity was  applied in the second (UV
spectra) and third mode (samples), since no constraints in the first
mode (elution profiles) can be imposed. Convergence criteria were
set as a relative change in fit of 10−9 or an absolute change in fit of
10−12. For initialization, the best fitting model of 20 small runs was
used.

The correct determination of the number of components is a
critical aspect in any curve resolution methodology. In this work,
a combination of different criteria was  used: core consistency test
(CC, %), percentage of variance explained by the model (EV, %), lack
of fit (LOF, %), visual analysis of the residuals, chemical meaning of
the loadings and correlation between the loadings and the real mea-
sured signals [52,54,57]. Specifically, visual evaluation was used to
assess if loadings in the first mode looked similar to the measured
chromatograms. Besides, correspondence of the spectral loadings
with the measured spectra was  assessed by calculating the corre-
lation coefficient (r). EV and LOF were defined as in Eqs. (3) and
(4).

EV (%) = 100x
(

1 − SSE⁄SSX
)

(3)
LOF (%) = 100x
√

SSE⁄SSX (4)

Where SSE is the sum of the squares of the residuals and SSX is the
sum of the squares of the elements in the original array.
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s  presented in blue, the second in green, the third in red and the fourth in orange. 

o  the web version of this article.)

Once a suitable PARAFAC2 model has been built, the score
atrix contains the relative concentration of each component in

ach sample, allowing the use of PARAFAC2 decomposition for
uantification purposes. In this work, different statistical quality
arameters were calculated for each step described in the method-
logy section, including limits of detection (LODs) and limits of
uantification (LOQs), which were calculated based on the resid-
al standard deviation of the pseudo-univariate linear regression
urves (Sxy). Specifically, LOD was 3.3 times Sxy divided by the value
f the slope, and LOQ 10 times Sxy divided by the value of the slope
58,59].

. Results and discussion

In this work, the determination of 10 analytes (PAS) in the
egions of the chromatogram with problems of overlapped peaks
see Fig. 2) was accomplished. Among them, 6 PAS (hydrox-
citronellal, coumarin, lyral, eugenol, citronellol and farnesol)
annot be determined in a univariate manner due to high spec-
ral and chromatographic overlap, so multi-way data analysis was
arried out in order to adequately quantify them. The remain-
ng 4 compounds (cinnamyl alcohol, citral, amyl cinnamal and
lpha-isomethylionone) were properly determined by univariate
alibration in [33] because either their chromatographic peaks are
nly partially overlapped (cinnamyl alcohol), or their spectra have

 maximum absorption where interfering analytes practically do
ot absorb (citral and amyl cinnamal), or both (alpha-isomethyl

onone). Nevertheless, the quantification of these 4 analytes by
ultivariate methods will also be discussed as it will allow

omparing the performance of both, multivariate and univariate
pproaches, giving a better understanding of the quality of the
odels.

As it can be observed (Fig. 2), some of the analytes (citral, lyral

nd farnesol) in the selected intervals show double chromato-
raphic peaks. This is probably due to the presence of different
somers of these compounds in the samples. In those cases, the
h interval with the calibration samples. In all cases, the first PARAFAC2 component
terpretation of the references to colour in this figure legend, the reader is referred

signal of both peaks together was taken into accountfor their
quantification and therefore, the obtained concentration for each
compound is the sum of the concentration of its isomers.

The way to proceed along the work was to construct different
PARAFAC2 models with increasing number of components for each
interval (see Section 2.2) and step (see Section 3). The optimum
number of factors for each model was selected comparing several
quality parameters of the model performance as it is indicated in
Section 3.1. Specifically, the optimum number of components in
each case was  initially assessed attending mainly to the chemi-
cal meaning of the obtained loadings in spectral and elution time
profiles (the model with major chromatographic and spectral simi-
larity with the raw data was  selected). After, residuals were checked
searching for systematic behaviours (that could suggest that an
additional component is necessary). Then, the CC, the EV and the
LOF of the models were also evaluated in order to verify that good
models were selected. EV normally increases with the number of
components but low LOF can be an indicative of the overfitting of
the model. Therefore, selected models should have high explained
variance with a high value of core-consistency (and with low LOF).

Table 1 shows the statistical parameters calculated for the opti-
mum model in each case. As it can be observed, the obtained models
were robust enough, explaining more than the 98% of the variance
and with a core consistency over 80% in all cases.

For quantitative purposes, the related scores of the PAS cor-
responding to the calibration standards in each optimum model
were used for building the corresponding calibration curves and
for prediction purposes in the rest of samples and standards. In the
following lines the assessment results of the method development
and validation are discussed.

4.1. Calibration
Calibration models were constructed for the defined intervals
using the calibration set of standards in order to assess the qual-
itative and quantitative performance of PARAFAC2 handling the
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Table 1
Quality parameters of the PARAFAC2 models obtained in each interval and each step.

Components LOF (%) EV (%) CC (%)

Step 1 Calibration Interval 1 4 1 99.98 98
Interval 2 3 2 99.97 93
Interval 3 2 4 99.8 100
Interval 4 3 12 98 100

Step 2 Validation of
PARAFAC2 predictive
ability

Interval 1 4 1 99.98 91
Interval 2 3 1 99.98 96
Interval 3 2 3 99.90 100
Interval 4 5 1 99.98 99

Step 3 Quantitation of
PAS in real samples

Interval 1 5 2 99.96 98
Interval 3 4 3 99.89 98

Step 4 Validation of the
method performance

Interval 1 4 2 99.95 84
Interval 2 4 2 99.95 97
Interval 3 2 4 99.8 100
Interval 4 5 4 99.8 97

LOF: Lack of fit; EV: Explained variance; CC: core-consistency.

Table 2
Quality parameters of the calibration models constructed for each analyte and inter-
val (step 1).

R2 r LOD (�g/mL) LOQ (�g/mL) EF

Interval 1
Hydroxycitronellal 0.990 0.996 6 19 16
Coumarin 0.990 0.97 0.03 0.10 16
Cinnamyl alcohol 0.995 0.9998 0.02 0.07 43

Interval 2
Eugenol 0.995 0.997 0.02 0.06 104
Lyral 0.98 0.9990 0.4 1.2 57

Interval 3
Citronellol 0.94 0.996 0.07 0.2 133
Citral 0.998 0.9991 0.013 0.04 117

Interval 4
Farnesol 0.98 0.998 0.14 0.4 178
Amyl cinnamal 0.997 0.994 0.02 0.05 203
Alpha-isomethyl ionone 0.997 0.990 0.012 0.04 237

R2: regression coefficient; r: correlation coefficient between the spectral loading
and  the measured spectrum; LOD: limit of detection; LOQ: limit of quantification;
EF: Enrichment factor.
*
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interferences may be possibly present. In this case, only the real
LOD and LOQ were calculated based on the standard deviation of the regression
urve.

hromatographic coelution and retention time shifts of the selected
AS. Regarding the qualitative analysis, Fig. 3 shows a representa-
ion of the original elution time profiles and the chromatographic
oadings obtained of the best PARAFAC2 model for each interval.
s it can be seen, the obtained chromatographic loadings are very
like to the original chromatographic (raw) data in all cases. In
ntervals 3 and 4, the optimum number of components obtained
y the model is exactly the same as the number of analytes (2
nd 3 components, respectively). However, in intervals 1 and 2 it
as observed that with an additional component a more coherent
odel was obtained (loadings are more similar to the real pro-

les for both, chromatographic and spectral modes, residuals do
ot show strange contributions, and statistical quality parameters
re still good). These unexpected contributions were assigned to
n unknown absorbing interference in interval 1, and to a residual
nfluence coming from the mixture of standards in interval 2.

Moreover, selected models showed good values of the statistical
uality parameters (Table 1, Step 1, Calibration). Exception was the
elatively high lack of fit value in interval 4 (12%), probably due to
he influence of the baseline, which is modelled in this case together
ith one of the analites. The addition of an extra component was

ot adequate, as it divided the contribution of a single analyte into
wo different components. Thus, this problem was noted down and
aved for further consideration in the following steps.
togr. A 1526 (2017) 82–92

Table 2 shows the quality parameters of the calibration models
obtained by regressing the score matrix and the nominal concentra-
tions of the calibration dataset. Satisfactory results were obtained
for all the PAS, showing coefficients of determination (R2) above
0.94 and spectral correlation coefficients (r) higher than 0.97 in all
cases. LODs for the four analytes in the selected intervals which
determination was possible univariately were an order of magni-
tude higher with multivariate methods than the ones obtained by
univariate methods, but it should be considered that the method-
ology to calculate the LOD in [33] was different.

In this step, enrichment factors (EF) of the studied analytes in
the procedure were also calculated, in order to obtain a measure of
the concentration achieved. EF is defined as the ratio between the
analyte concentration in the organic phase after the extraction and
the initial concentration of the analytes within the water sample.
Obtained values ranged from 16 to 237 (see Table 2), which is in
concordance with the values given in [33]. It should be remarked
that the high EF of alpha-isomethyl ionone, taken into account sam-
ple and extractant volumes (10 mL  and 50 �L respectively), could
insinuate some matrix effect in the extraction of this analyte.

All these results confirm the ability of PARAFAC2 to correctly
recover the chromatographic and spectral profiles corresponding
to the selected PAS that enables to perform their accurate quantifi-
cation.

4.2. Validation of PARAFAC2 predictive ability

In this step, the calibration and validation datasets were mod-
elled together in order to test the predictive ability of PARAFAC2
with similar samples to the ones used in the calibration step. Qual-
ity parameters of the best fitting models are exposed in Table 1
(Step 2, Validation of PARAFAC2 predictive ability). Suitable values
of LOF (1–3%), EV (99.90–99.98%) and CC (91–100%) were obtained
for all the intervals. As expected, the number of components in this
step was  exactly the same as in the previous one (calibration) for
most of the intervals. For interval 4, however, 2 additional compo-
nents demonstrated to explain the behaviour of the baseline drift
better and, not as in the previous step, in components not corre-
sponding to any analyte, as it can be seen in Fig. 4. The addition of
these extra components lead to a decrease in the LOF  (from 8% in
a 3-component model to 1% in a 5-component model) meanwhile
the core-consistency in the selected model (99%) was  indicative of
no-overfitting. The reason why  in this case it is possible to model
the baseline, and not when only the calibration standards were con-
sidered, can be either the higher number of samples considered or
the fact that validation standards provide more proper information
about the drift of the baseline, or both.

The statistical errors of prediction of each analyte in the val-
idation standards are shown in Table 3. As it can be observed,
good predictive ability was achieved for all the analytes, with rel-
ative errors (RE) below 15% in all cases except for the low levels of
coumarin (15%) and lyral (18%). Nevertheless, it has to be noticed
that the low level was very close to the LOQ for coumarin and
slightly lower than the LOQ for lyral. Therefore, errors can be con-
sidered acceptable and demonstrated the accurate quantification
of the PAS by PARAFAC2 in similar matrix samples.

4.3. Quantitation of PAS in real samples

In the third step, calibration standards and real samples were
modelled together with the purpose of using PARAFAC2 to predict
the concentration of the analytes in real samples, where unknown
samples that were suspicious of containing at least one of the six
analytes under study were considered (EP and ET2 for interval 1,
EP, ET2, ET3 and ET4 for interval 2, BM,  EC, EP, ET1, ET2, ET3, ET4
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Fig. 4. Raw elution profile data for interval 4 and loadings obtained after applying PARAF
(step  2). The first PARAFAC2 component is presented in blue, the second in green, the th
references to colour in this figure legend, the reader is referred to the web  version of this

Table 3
Statistical errors of prediction of the selected PAS in the validation samples.

High level Low level

RMSEP (�g/mL) REP (%) RMSEP (�g/mL) REP (%)

Interval 1
Hydroxycitronellal 9.33 7 6.36 11
Coumarin 0.0560 7 0.0153 15
Cinnamyl alcohol 0.0373 5 0.00793 11

Interval 2
Eugenol 0.0507 6 0.0141 14
Lyral 1.20 14 0.192 18

Interval 3
Citronellol 0.0801 10 0.0595a 13a

Citral 0.0795 10 0.00532 7

Interval 4
Farnesol 0.221 11 0.0399 10
Amyl cinnamal 0.0533 7 0.00382 5
Alpha-isomethyl ionone 0.0428 6 0.00360 5

RMSEP: root mean square error of prediction; REP: relative error of prediction.
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a Errors calculated at the medium level for citronellol (0.457 �g/mL) because the
ow  concentration value (0.08 �g/mL) was under the LOD.

or interval 3 and EP for interval 4). In anyway, the models were
ater applied to the non-suspicious samples as well to check if the
nalytes could be determined in them.

In interval 2 and 4, no real samples with a measurable content of
he analytes of interest were found. Therefore, only results of inter-
als 1 and 3 are presented here. Table 1 (Step 3, Quantitation in real
amples) shows the quality parameters of the best obtained models
n these intervals. As it can be seen, suitable values of LOF (2–3%),
V (99.89–99.96%) and CC (98%) were obtained and, in both inter-
als, a higher number of components than the appropriate in the
revious steps were required due to the presence of interferences.

n interval 1, 5 components were obtained, whereas in interval
, 4 components were modelled, so that 1 additional component
nd 2 additional components were required to model the interfer-
nces in each interval, respectively. Table 4 shows obtained PAS
oncentrations in both intervals.

In interval 1, analytes were found in only two  samples (EP
nd ET2). In ET4, chromatographic peaks that might correspond to
he analytes were visually detected, but they were not adequately
etermined probably due to the high presence of interferences that

ecreased their detection levels. All real cosmetic samples consid-
red for analysis in interval 3 showed quantifiable amounts of the
nalytes. Indeed, except for EC, citronellol was present in all the
amples. In a previous work, citronellol has been found in most of
AC2 model with 5 components to the calibration and validation samples together
ird in red, the fourth in orange and the fifth in magenta. (For interpretation of the

 article.)

similar samples as well [9], but in our case, the analyzed samples
show lower concentration possible due to the fact that samples
with lower perfume content have been used here. In aqueous sam-
ples (SPW and BBW), no analytes where found in neither of these
intervals.

The determination of citronellol in some of the samples presents
relatively high RSDs comparing to other method validation values.
These are due to the difficulty in the analysis. It has to be taken
into account that there are two main types of sources of error in
the determination: experimental error and data treatment error;
and in real samples data treatment error is increased due to the
complexity of the sample (very complex matrix, interferences.  . .).

An indicative of the good prediction capability of the multi-
way model is that similar concentrations to the ones obtained by
univariate calibration are found for the same analytes (the four
which determination was possible univariately) [33]. Concentra-
tion results obtained by both methods are in good concordance.
The main difference is found in ET1 and ET4 samples, where multi-
way analysis is able to determine low concentrations of citronellol
(in ET1 below LOQ), while this analyte was found under the LOD in
univariate analysis. This could be due to the different capability of
detection of both approaches.

4.4. Validation of the method performance

In a final step, PARAFAC2 was  applied to the calibration and
recovery datasets together in order to validate the performance of
the method in real spiked samples. Recovery studies were made for
the baby bath water (BBW1) and for the eau de cologne (EC) samples.
BBW1 was  selected because it did not show appreciable interfer-
ences at any of the intervals. EC contained quantifiable amounts of
citral, so the quantity of citral present in the sample was taken into
account to calculate the recoveries.

The quality parameters as well as the number of components
obtained for the optimum models are also summarized in Table 1
(Step 4, Validation of the method performance). As before, all qual-
ity parameters of the models showed good values, LOF  (%) ≤ 5;
EV (%) ≥ 99.8 and CC (%) ≥ 84. Regarding the number of compo-
nents, the same as in the calibration (Section 4.1) and validation
steps (Section 4.2) were found for intervals 1 and 3. The number
of components for interval 2 and 4, however, differed from the
previous results. In interval 2 the probable reason is a shift in the

chromatogram retention times. The peak of isoeugenol (peak 5 in
Fig. 2a) shifted to lower retention times in the recovery samples
and its contribution was  now significant. Therefore, an additional
component was  necessary to explain this extra variability. This shift
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Table 4
Concentrations (n=3, mg/kg) and RSDs (%)of PAS in real samples in intervals 1 and 3.

Interval 1 Interval 3

Hydroxy. Coumarin Cin. al. Citronellol Citral

C RSD C RSD C RSD C RSD C RSD

EC – – – – – – n.d. n.d. (91 ± 4) ·10 4
EP  <LOQ <LOQ 11 ± 1 9 <LOQ <LOQ (5 ± 2) ·103 30 n.d. n.d.
BM  – – – – – – 96 ± 3 3 9 ± 1 9
ET1  – – – – – – (7 ± 1)·10 17 <LOQ <LOQ
ET2  <LOQ <LOQ (23 ± 1)·10 5 n.d. n.d. (25 ± 4) ·10 17 (22 ± 3)·10 14
ET3  – – – – – – (13 ± 3)·102 21 n.d. n.d.
ET4  – – – – – – (125 ± 5) ·10 4 4.1 ± 0.3 7

Hydroxy.: Hydroxycitronellal; Cin. al.: Cinnamyl alcohol.
C:  concentration (mg/Kg); RSD: relative standard deviation (%).
n.d.: not detected; <LOQ: below limit of quantification; −: not modelled; ±: confidence interval.

F a PARAFAC2 model with 4 components to the calibration and recovery samples (step 4).
T  red and the fourth in orange. (For interpretation of the references to colour in this figure
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Table 5
Recovery values obtained for real spiked samples (described in Section 2.3.4).

Recovery in BBW
sample (n = 3)

Recovery in EC
sample (n = 3)

ER (%) RSD (%) ER (%) RSD (%)

Interval 1
Hydroxycitronellal 103 8 111 6
Coumarin 83 7 95 4
Cinnamyl alcohol 100 6 104 6

Interval 2
Eugenol 119 3 129 4
Lyral 96 11 98 7

Interval 3
Citronellol 117 11 106 6
Citral 100 2 102 3

Interval 4a

Farnesol 110 4 158 9
Amyl cinnamal 93 3 100 4
Alpha-isomethyl ionone 82 2 100 8
ig. 5. Raw elution profile data for interval 2 and loadings obtained after applying 

he  first PARAFAC2 component is presented in blue, the second in green, the third in
egend, the reader is referred to the web version of this article.)

an be attributable either to column resolution loss between early
ata (calibration and validation) and late data (recovery) or to time
assage (6 months). Fig. 5 shows the raw data, where the shift in
he retention times of the analytes can be appreciated, and the
oadings obtained when a PARAFAC2 model with 4 components is
onsidered for interval 2. In interval 4, and due to the discrepancy
n the number of components between the different considered
ombinations of datasets, a PARAFAC2 model including calibration,
alidation and recovery datasets was built, and the 5-component
odel was considered the best; lack of fit was very acceptable

4%), core consistency was suitable (97%) and spectral loadings had
hemical meaning. As in the step 2 where calibration and validation
atasets are modelled together (see Fig. 4) and regarding chromato-
raphic loadings, three components of the model showed a high
orrelation with the three compounds of that interval and the other
wo acceptably explained the behaviour of the baseline drift.

The concentrations for the samples in the recovery set at each
nterval were calculated and the obtained values were compared
o the added concentrations (recovery values) as shown in Table 5.
he recovery values were acceptable for all the PAS, ranging from
2 to 119% in all cases (approximately ± 20% of accuracy), except for
ugenol (129%) and farnesol (158%) in EC where higher recoveries
han expected were obtained. The complex sample matrix could be
xperimentally affecting the analysis of these two  analytes in that
articular sample at some extent. Indeed, experimentally, a diffi-
ulty in the formation of the drop was observed when that sample

as analyzed, but it did not impede the analysis. Anyway recovery

alues were considered tolerable. Moreover, in all real spiked sam-
les, RSD (%) values were satisfactory (≤11%), which is indicative
ER: Extraction recovery; RSD: relative standard deviation.
a In interval 4 the model was built including calibration, validation and recovery

datasets.

not only of the high precision of the method but also of the good
model performance.
5. Conclusions

This work explores the feasibility of using multi-way analysis
techniques for the extension of a previous proposed USAEME-
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FOD-HPLC-DAD method [33] for determining hydroxycitronellal,
oumarin, lyral, eugenol, citronellol and farnesol when the other 18
egulated PAS are present. Due to co-elution problems in the chro-
atograms, these analytes could not be adequately determined by

nivariate methods.
In the first step of the work, PARAFAC2 has been used to decom-

ose the data into different contributions, some of them directly
elated to the chemical compounds. Besides, the relative concentra-
ion of each analyte in each calibration standard, given in the score

atrix, has been used to construct satisfactory regression curves
ith the real concentration values. In some cases, these have been

ven built in the presence of interferences.
Then, validation of the obtained PARAFAC2 models has been

ade using standards and real spiked samples. In both cases satis-
actory results have been obtained. In addition, PARAFAC2 models
ave been satisfactorily used for the determination of the analytes

n several real samples, even in the presence of interferences not
reviously modelled in the calibration dataset.

Thanks to PARAFAC2 the problem of retention time shifts
etween chromatographic measurements has not been restrictive.
urthermore, the baseline drift has been successfully modelled by
dding new components to the models when necessary. However,

 higher number of samples with proper information about the drift
f the baseline were required for this purpose.

In summary, determination of 6 PAS (hydroxycitronellal,
oumarin, lyral, eugenol, citronellol and farnesol) when the other
8 PAS were present has been possible despite co-elution profiles,
verlapping spectra, unknown interfering compounds, retention
ime shifts and baseline drifts thanks to the use of PARAFAC2.
herefore, it has been demonstrated, that combining univariate
nd multivariate approaches, it is possible to determine the 24
egulated PAS.
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27] R. DiviŠová, E. Vítová, P. DiviŠ, J. Zemanová, J. Omelková, Validation of
SPME-GC-FID Method for determination of fragrance allergens in selected
cosmetic products, A. Chrom. 27 (2015) 509–523.

28] G. Famiglini, V. Termopoli, P. Palma, F. Capriotti, A. Cappiello, Rapid LC-MS
method for the detection of common fragrances in personal care products
without sample preparation, Electrophoresis 35 (2014) 1339–1345.

29] S. Furlanetto, S. Orlandini, I. Giannini, B. Pasquini, S. Pinzauti, Microemulsion

electrokinetic chromatpgraphy: an application for the simultaneous
determination of suspected fragrance allergens in rinse-off products, Talanta
83  (2010) 72–77.

30] J. Lopez-Gazpio, R. Garcia-Arrona, E. Millán, Application of response function
methodology for the simultaneous determination of potential fragrance

http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31520-0/sbref0145


9 roma

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[58] A.C. Olivieri, G.M. Escandar, Practical Three-Way Calibration, first ed., Elsevier,
2 J. Pérez-Outeiral et al. / J. Ch

allergens and preservatives in personal care products using micellar
electrokinetic chromatography, Anal. Bioanal. Chem. 406 (2014) 819–829.

31] L.H. Wang, J.X. Chen, C.C. Wang, Rapid quantitative analysis of suspected
fragrance allergens in between commercial essential oils and using
attenuated total reflectance-infrared (ATR-IR) spectroscopy, J. Essent. Oil Res.
26  (2014) 185–196.

32] C. Villa, R. Gambaro, E. Mariani, S. Dorato, High-performance liquid
chromatographic method for the simultaneous determination of 24 fragrance
allergens to study scented products, J. Pharm. Biomed. Anal. 44 (2007)
755–762.

33] J. Pérez-Outeiral, E. Millán, R. Garcia-Arrona, Ultrasound-assisted
emulsification microextraction coupled with high-performance liquid
chromatography for the simultaneous determination of fragrance allergens in
cosmetics and water, J. Sep. Sci. 38 (2015) 1561–1569.

34] F. Kamarei, H. Ebrahimzadeh, Y. Yamini, Optimization of ultrasound-assisted
emulsification microextraction with solidification of floating organic droplet
followed by high performance liquid chromatography for the analysis of
phthalate esters in cosmetic and environmental water samples, Microchem. J.
99  (2011) 26–33.

35] A. Spietelun, L. Marcinkowski, M.  de la Guardia, J. Namieśnik, Green aspects,
developments and perspectives of liquid phase microextraction techniques,
Talanta 119 (2014) 34–45.

36] R. Bro, Review on multiway analysis in chemistry—2000–2005, Crit. Rev. Anal.
Chem. 36 (2006) 279–293.

37] K.S. Booksh, B.R. Kowalski, Theory of analytical chemistry, Anal. Chem. 66
(1994) 782A–791A.

38] M.C. Ortiz, L. Sarabia, Quantitative determination in chromatographic analysis
based on n-way calibration strategies, J. Chromatogr. A 1158 (2007) 94–110.

39] A. De Juan, R. Tauler, Factor analysis of hyphenated chromatographic data.
Exploration, resolution and quantification of multicomponent systems, J.
Chromatogr. A 1158 (2007) 184–195.

40] H.C. Goicoechea, M.J. Culzoni, M.D. Gil-García, M.  Martínez-Galera,
Chemometric strategies for enhancing the chromatographic methodologies
with second-order data analysis of compounds when peaks are overlapped,
Talanta 83 (2011) 1098–1107.

41] D. Bylund, R. Danielsson, G. Malmquist, K.E. Markides, Chromatographic
alignment by warping and dynamic programming as a pre-processing tool for

PARAFAC modelling of liquid chromatography-mass spectrometry data, J.
Chromatogr. A 961 (2002) 237–244.

42] K.J. Johnson, S.L. Rose-Pehrsson, R.E. Morris, Monitoring diesel fuel
degradation by gas chromatography-mass spectroscopy and chemometric
analysis, Energy Fuels 18 (2004) 844–850.

[

togr. A 1526 (2017) 82–92

43] R. Bro, PARAFAC. tutorial and applications, Chemometr. Intell. Lab. 38 (1997)
149–171.

44] J.M. Amigo, T. Skov, R. Bro, ChroMATHography: solving chromatographic
issues with mathematical models and intuitive graphics, Chem. Rev. 110
(2010) 4582–4605.

45] N.P.V. Nielsen, J.M. Carstensen, J. Smedsgaard, Aligning of single and multiple
wavelength chromatographic profiles for chemometric data analysis using
correlation optimised warping, J. Chromatogr. A 805 (1998) 17–35.

46] G. Tomasi, F. van den Berg, C. Andersson, Correlation optimized warping and
dynamic time warpings as preprocessing methods for chromatographic data,
J.  Chemom. 18 (2004) 231–241.

47] R. Bro, C.A. Andersson, H.A.L. Kiers, PARAFAC2—Part II. Modelling
chromatographic data with retention time shifts, J. Chemometrics 13 (1999)
295–309.

48] H.A.L. Kiers, J.M.F. Ten Berge, R. Bro, PARAFAC2—Part I. A direct fitting
algorithm for the PARAFAC2 model, J. Chemometrics 13 (1999) 275–294.

49] T. Skov, R. Bro, Solving fundamental problems in chromatographic analysis,
Anal. Bioanal. Chem. 390 (2008) 281–285.

50] D.C. Harris (Ed.), Quantitative Chemical Analysis, eight ed., W. H Freeman and
Company, New York, 2010.

51] J.M. Amigo, M.J. Popielarz, R.M. Callejón, M.L. Morales, A.M. Troncoso, M.A.
Petersen, T.B. Toldam-Andersen, Comprehensive analysis of chromatographic
data by using PARAFAC2 and principal component analysis, J. Chromatogr. A
1217 (2010) 4422–4429.

52] S. Elcoroaristizabal, A. de Juan, J.A. García, N. Durana, L. Alonso, Comparison of
second-order multivariate methods for screening and determination of PAHs
by total fluorescence spectroscopy, Chemometr. Intell. Lab. 132 (2014) 63–74.

53] M.  Vosough, A. Salemi, Exploiting second-order advantage using PARAFAC2
for fast HPLC-DAD quantification of mixture of aflatoxins in pistachio nuts,
Food Chem. 127 (2011) 827–833.

54] J.M. Amigo, T. Skov, J. Coello, S. Maspoch, R. Bro, Solving GC–MS problems
with PARAFAC2, Trends Anal. Chem. 27 (2008) 714–725.

55] R. Bro, PARAFAC. Tutorial and applications, Chemometr. Intell. Lab. 38 (1997)
149–171.

57] M.H. Kamstrup-Nielsen, L.G. Johnsen, R. Bro, Core consistency diagnostic in
PARAFAC2, Chemometrics 27 (2013) 99–105.
Amsterdam, 2014.
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