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ABSTRACT

A method involving headspace solid-phase microextraction (HS-SPME) and comprehensive two-
dimensional gas chromatography coupled to time-of-flight mass spectrometry (GC x GC-TOFMS) was
developed and optimised to elucidate the volatile composition of the particulate phase fraction of aerosol
produced by tobacco heating products (THPs). Three SPME fiber types were studied in terms of extrac-
tion capacity and precision measurements. Divinylbenzene polydimethylsiloxane appeared as the most
efficient coating for these measurements. A central composite design of experiment was utilised for the
optimization of the extraction conditions. Qualitative and semi-quantitative analysis of the headspace
above THP aerosol condensate was carried out using optimised extraction conditions. Semi-quantitative
analyses of detected constituents were performed by assuming that their relative response factors to the
closest internal standard (itg) were equal to 1. Using deconvoluted mass spectral data (library similarity
and reverse match >750) and linear retention indices (match window of £15 index units), 205 peaks
were assigned to individual compounds, 82 of which (including 43 substances previously reported to be
present in tobacco) have not been reported previously in tobacco aerosol. The major volatile fraction of
the headspace contained ketones, alcohols, aldehydes, alicyclic hydrocarbons alkenes, and alkanes. The
method was further applied to compare the volatiles from the particulate phase of aerosol composition
of THP with that of reference cigarette smoke and showed that the THP produced a less complex chemical
mixture. This new method showed good efficiency and precision for the peak areas and peak numbers
from the volatile fraction of aerosol particulate phase for both THP and reference cigarettes.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

tine product called e-cigarette was introduced [1]. E-cigarettes are
battery-powered devices that heat or vaporise a liquid contain-

There is an ongoing interest for the development of new forms
of tobacco products for the purpose of tobacco harm reduction.
Such new products can vary significantly from regular combustible
products and must be properly characterized, especially in terms
of aerosol chemical composition. Over a decade ago a novel nico-
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ing nicotine, propylene glycol and/or glycerol and desired flavour
blends to produce an aerosol which users inhale [2-4]. As the e-
liquid composition is very different from the tobacco blends in a
combustible cigarette, e-cigarettes produce aerosols that are less
complex than smoke produced from conventional combustible
tobacco products [5,6]. More recently, new generations of tobacco
heating (heat-not-burn) products (THPs) were introduced [7,8].
Unlike e-cigarettes, the current commercial THPs operate in a num-
ber of different ways. One type uses a tobacco stick that looks like a
regular cigarette and contains cut tobacco or reconstituted tobacco
sheet that is heated inside a battery-powered device at tempera-
tures below those at which pyrolysis occurs [7]. Another type of
THP utilizes a charcoal tip that is lit before puffed air is heated
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through the tip and passes through the tobacco rod to release nico-
tine, added aerosol agent (glycerol), and tobacco flavours [9]. One
common feature of all THPs is that the heating temperature should
be sufficient to release nicotine and volatile tobacco constituents,
but not high enough to initialize extensive pyrolysis or combus-
tion of the tobacco, typically below 350 °C. So far, most of published
chemical characterisations of THP aerosol are focused on those tox-
icants known to regulators based on cigarette smoke; the detailed
chemical composition of wider chemical profile of THP aerosol
remains unclear as no dedicated analytical methods have yet been
developed for this purpose. To provide robust risk assessment of
its aerosol, analysis and identification of both volatile organic com-
pounds (VOCs) and other fractions of aerosols produced by THPs is
very important, in addition to the identification and quantification
of targeted toxicants.

It is well known that tobacco smoke is a dynamic aerosol con-
taining an extremely complex and dynamic mixture made of up
to 100,000 of individual compounds [10]. The aerosol produced by
heating tobacco in THPs may contain less of pyrolysis and combus-
tion derived substances, however, it may promote the release of
those thermally distillable compounds into the stream of aerosol.

The chemical characterization of such a complex mixture using
single-dimensional gas chromatography (1D-GC) is highly chal-
lenging. Comprehensive two-dimensional gas chromatography
coupled to time-of-flight mass spectrometry (GC x GC-TOFMS) is
known as a powerful tool for the analysis of complex mixtures
of VOCs and semi-volatile organic compounds (SVOCs) in vari-
ous applications [11-13]. The advantage of using GC x GC over
1D-GC is that it offers increased separation capacity due to con-
secutive separations performed on two different stationary phases.
The higher dimensional structure-retention relationships provide
class-type analyses and thermal modulation compresses the peak
width, increases the signal-to-noise ratio (S/N), and thus enhances
the sensitivity. The potential utility of GC x GC-TOFMS for tobacco
smoke analysis from hand-rolled cigarettes was reported more
thanadecade ago[14],and more recently, the efficiency of GC x GC-
TOFMS coupled to a dedicated data processing approach has been
demonstrated for the characterisation of mainstream cigarette
smoke particulate phase (PP) [11].

THP operation temperature does not exceed 350°C, hence it is
anticipated to emit minimal pyrolysis-derived compounds and no
combustion-derived substances in their emissions. Being a novel
tobacco-product category, thorough chemical characterization of
its aerosol composition is necessary. Despite the importance of
studying VOCs emitted from THPs, no standardised methods have
yet been published for the generation, collection, and analysis
of THP aerosols. For conventional combustible cigarettes, various
sample preparation techniques, including solvent-filled impinger
trains [15], adsorbent materials [16], cold traps, headspace anal-
ysis [17], and direct injection of gas sample [18,19] have been
developed. Solid phase microextraction (SPME) is a simple, rapid,
solvent-free, and sensitive technique for extracting chemicals
directly from sample headspace for VOC analysis. The high accumu-
lation capacity of SPME and the ease of automation have made it a
technique of choice for measurement of VOCs by GC-MS. In tobacco
chemistry research, SPME GC-MS has been applied to the charac-
terisation of cigarette smoke [20], tobacco leaves [21], mainstream
cigarette smokes PP [22], and mainstream cigarette smoke VP [23].
Ye [24] reported satisfactory SPME repeatability (precision in the
range 2-11%) by analysing mainstream cigarette smoke aerosol
from different cigarette types. This was confirmed in the qualitative
and quantitative analysis of mainstream cigarette smoke samples
[25].

The principal objective of the present study was to develop
a HS-SPME GC x GC-TOFMS method for the analysis of volatile
and semi-volatile compounds present in the PP of aerosol emitted

from heating tobacco. Three different types of SPME fibers were
studied prior to the optimisation of SPME extraction conditions
using a response-surface design approach. Considering that the
extraction efficiency of SPME depends on several factors [26], mul-
tivariate methods of optimization, including factorial designs and
response-surface methods, have been used to evaluate the main
and interactive effects of several variables simultaneously with
a reduced number of experiments. Seven selected representative
compounds naturally present in THP aerosol were monitored for
extraction efficiency. The qualitative and semi-quantitative analy-
sis of THPs was successfully carried out with the optimised method.
The proposed method was applied to the comparison of aerosol
particulate phase compositions of THPs to reference combustible
cigarette.

2. Materials and methods
2.1. Materials and reagents

For particulate phase aerosol sampling, 44mm glass fiber
filter pads (Cambridge filter pads, CFP) were purchased from
Borgwaldt KC GmbH (Hamburg, Germany). Saturated alkane
standard solution (C7-Csg) and Internal standards (toluene-D8,
ethylbenzene-D10, 1, 2-dichlorobenzene-D4 and phenanthrene-
D10) were purchased from Sigma-Aldrich (Diegem, Belgium). All
reagents were of analytical standard grade with purity >98%.
Standard solutions were prepared gravimetrically using methanol
(Sigma-Aldrich) and stored at 4°C. Commercially available
SPME fibers in 23-gauge needle sizes suitable for autosam-
pler: 50/30 wm divinylbenzene/carboxen/polydimethylsiloxane
(DVB/CAR/PDMS), 65 um polydimethylsiloxane/divinylbenzene
(PDMS/DVB) and 85 wm polyacrylate (PA) were purchased from
Sigma-Aldrich (Diegem, Belgium). Fibers were conditioned prior to
use according to manufacturer’s guidelines in a fiber bake-out sta-
tion (Gerstel, Kortrijk, Belgium). To assure the integrity of results,
fiber blanks, instrument blanks and instrument air blank tests were
always performed to check for possible carry-over and laboratory
cross-contamination. 20 mL headspace vials, PTFE septa magnetic
crimp caps and an automated SPME holder were obtained from
Gerstel (Kortrijk, Belgium).

2.2. Samples and sample preparation

Typical type of THP devices has been described in the literature
[7,9,27]. To demonstrate the principle of heating tobacco rather
than burning it, small samples of tobacco can also be heated in a
research heating furnace to generate the heated tobacco derived
aerosol [28]. A scheme of the THP device, sample, and sampling
procedure used in this study is provided in the supplementary data
(Fig.S-1). THP samples and Cambridge filter pads were conditioned
foratleast48 h at 60% relative air humidity and 22 °C prior to testing
[29]. Puffing of the THP was performed using a linear syringe drive
system A14 (Borgwaldt KC GmbH, Germany). As no standard puft-
ing regime has been defined for THP so far, all sample collections
were conducted according to the Health Canada Intense (HCI) puff-
ing regime for cigarettes that consisted of bell-shaped puffs, each
of 55 mL with puff duration of 2 s and with 30 intervals between
puffs [30]. The particulate phase of the aerosol was collected on
CFPs that were later divided in four equal pieces placed in sep-
arate 20 mL headspace vials. Vials were sealed with a magnetic
crimp cap and analysed immediately after. 3R4F research reference
cigarettes were obtained from the University of Kentucky College
of Agriculture (Kentucky Tobacco Research & Development Cen-
tre, USA). 3R4F smoke samples were produced using a Borgwaldt
RM20D smoking machine (Brogwaldt KC, GmbH, Germany). The
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generation of such smoke sample and related sample preparation
are described in detail elsewhere [11].

2.3. Headspace solid-phase microextraction procedures

The initial phase of SPME fiber selection was based on extraction
capacities, expressed as the number of detected analytes (dupli-
cate analysis). Three different SPME fiber coatings, medium polar
(DVB/CAR/PDMS, PDMS/DVB) and highly polar (PA), were exam-
ined. All fibers were analysed using the following conditions: an
incubation time of 1 min at 50 °C and an extraction time of 10 min
performed at 50 °C. Fibers were desorbed in a CIS4 Cooled Injection
System (Gerstel, Kortrijk, Belgium) using the following tempera-
ture program: isothermal period at —20°C for 0.5 min, a ramp of
12°Cs~1 to 250°C and kept for 2 min. After desorption, fibers were
reconditioned for 40 mins according to manufacturer’s guidelines
to eliminate possible carry-over.

The experimental design for the optimisation of HS-SPME
included screening and optimisation to obtain the most efficient
extraction conditions for analysis of the volatiles from the PP frac-
tion of the aerosol. A non-regular fractional factorial (FF) 2-level
screening design was applied to establish the most relevant fac-
tors for HS-SPME factors [31]. The selected factors were particulate
phase sample mass (CFP), sample incubation time, sample incu-
bation temperature, sample extraction time, sample extraction
temperature, fiber desorption time and fiber desorption temper-
ature. The screening phase consisted of 19 experiments performed
in random order. Details of the factors and levels established for
each variable for screening experiments are provided in Table S-1.
A 22 factorial circumscribed central composite design (CCD) with
four axial points (a=1.414) and five central point replicates and
response surface methodology [32] was used in order to deter-
mine the optimum values for the two most significant factors
that emerged from screening experiments. The factors and levels
selected for each factor (optimised from the screening design) are
listed in Table S-2. Thirteen duplicate experiments were performed
in random order. Both screening and CCD designs were generated
using the commercial software package ‘The Unscrambler® X ver-
sion 10.3’ (CAMO Software AS, Oslo, Norway). Peak area values
were used to compare fiber efficiencies. A set of 4 external stan-
dards (toluene-D8, ethylbenzene-D10, 1,2-dichlorobenzene-D4,
and phenanthrene-D10) was considered prior and after injections
series to ensure constant performance of the GC x GC-TOFMS sys-
tem during the comparison exercise. The liquid standard solution
was spiked on the CPFs and SPME fibers were exposed to the
headspace.

2.4. Instrumental analysis

The GC x GC-TOFMS system consisted of an Agilent 7890 (Agi-
lent Technologies, Palo Alto, CA, USA) gas chromatograph and a
Pegasus 4D TOFMS (LECO Corp., St. Joseph, MI, USA) with quad jet
thermal modulator. The first dimension (!D) column was a low-
polarity 5% phenyl polysilphenylene-siloxane phase (Rtx®—5MS;
30m x 0.25mm i.d. x 0.25 pm film thickness) connected by means
of a SilTite™ p-Union (SGE International, Victoria, Australia) to a
second dimension (2D) midpolarity Crossbond” silarylene phase
column which has similar selectivity to 50% phenyl/50% dimethyl
polysiloxane (in®—17SilMS; 1.0m x 0.15mm i.d. x 0.15 pm film
thickness). Both columns were from Restek Corporation (Restek
Corp., Bellefonte, PA, USA). A similar column and stationary phase
set was successfully used in previous studies of mainstream
cigarette smoke PP [11,17]. The 2D column was installed in a
separate oven located inside the main GC oven, providing more
flexible temperature control. The system was equipped with a Ger-
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Fig. 1. GC x GC-TOFMS apex plots of THP PP volatiles obtained for three different
SPME fibers. Coloured dots are representing %RSD of peak areas: @ <5, w 5-15, «
15-25, w 25-35, ® >35_ (For interpretation of the references to colour in the text,
the reader is referred to the web version of this article.)

stel MultiPurpose Sampler (MPS 2XL), SPME option for procedural
automation, and the CIS4 Cooled Injection System. The carrier gas
was helium at a corrected constant flow rate of 1mLmin~! and
the injector were set to splitless mode. The main oven temperature
program comprised an isothermal period at 35 °C for 5 min, a ramp
of 4°Cmin~! to 250 °C followed by a ramp of 20°Cmin~! to 300°C
and a final isothermal period at 300°C for 1 min. The secondary
oven was programmed with a 15 °C offset above the primary oven
temperature. Modulation parameters consisted of 2 s modulation
period (0.4 s hot pulse and 0.6 s cold pulse time) and a temperature
offset of 20 °C above the secondary oven. Mass spectra was acquired
in the range m/z 40-400 at the acquisition rate of 100 spectras=!.
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Fig. 2. Specific interactions of THP analytes with the different fibers.

The ion source temperature was set at 230 °C and the transfer line
temperature was set at 250 °C. The detector voltage was 1500 V and
the ionization electron energy (EI source) was set at 70 eV. Samples
were acquired using LECO ChromaTOF® software version 4.50.8.

2.5. Data processing

The data processing for fiber selection was performed using
the pixel-based GC Image™ software package version 2.5b6, 64-
bit (Zoex, Houston, TX, USA), following minimum blob detection
criteria: area 15, volume 300,000. Data processing for compre-
hensive evaluation of fiber precision was performed with Image
Investigator™, part of the GC Image™ software package. Chro-
matograms were aligned following a procedure based on the
creation of a template chromatogram that record peak patterns and
carry out resampling of the data to match retention times using
GC project™, part of the GC Image™ software package. Data pro-
cessing for the characterisation of the PP fraction of THP aerosol
replicates was performed on a matrix of data containing all calcu-
lated peak regions (i.e. every single peak found in any of the sample
replicates). Reliable identification of analytes was performed using
MS spectral match and Linear Retention Indices (LRI) information.
Spectral library matching was carried out using NIST 14 EI Mass
Spectral Database (NIST 2014/EPA/NIH) and Wiley Registry of Mass

Table 1

Relative standard deviation (%RSD) values calculated for replicate (n =6) extractions
of THP aerosols by SPME. Values were calculated on the basis of normalized peak
areas in cumulative images produced after GC x GC-TOFMS analyses. Numbers of
detected peaks are also given.

SPME fiber DVB/CAR/PDMS PA PDMS/DVB
RSD < 5% 14 0 53

RSD <10% 133 10 251

RSD<15% 310 62 471

RSD < 20% 455 139 635

RSD<25% 589 217 754

RSD <30% 688 311 822

RSD<35% 769 410 877
Average%RSD 29.3 (n=1056) 42.5 (n=747) 248 (n=1132)

Spectral Data (9th edition). A minimum similarity value of >750 for
both similarity and reverse library match were applied. LRIs were
verified using values available in the NIST 14 Mass Spectral Library
(NIST 2014/EPA/NIH). If not available in the NIST 14 database,
Comprehensive RI databases (AromaOffice 2D version 4.00.00, Ger-
stel K.K., Tokyo, Japan) [33], WEB based RI collections (Flavornet,
Cornell University [34], Flavor Database (Citrus Research and Edu-
cational Center, Florida State University [35]) and recent scientific
literature Rl information was used [36-38]. A retention index win-
dow of +15 was applied to MS peak identification assignment.
ChromaTOF® software version 4.50.8 was used for the data collec-
tion and processing of all chromatograms for the comparison of
THP with the reference combustible cigarette.

3. Results and discussion
3.1. Selection of the SPME fiber

Each tested SPME fibers was exposed to the headspace of a
quarter of a CFP for each analysis of the particulate phase fraction
of aerosols from THP samples. All corresponding GC x GC-TOFMS
chromatograms were aligned and processed with automated back-
ground correction, blob detection (minimum peak volume value set
at 30,000) and phase shift (500 ms). Related peak tables were fur-
ther manually filtered to remove column bleed and system artifacts.
Retention time values (first ('tg) and second (?tg) dimension) of
compounds were used to construct apex plots for fiber comparisons
(Fig. 1).

As the same GC x GC column set was used for each injection,
peak distribution patterns and space occupation were similar for
each fiber. The difference was in the number of peaks detected
where only 747 peaks were detected for the PA fiber, whereas 1056
and 1132 peaks were detected for DVB/CAR/PDMS and DVB/PDMS
fibers, respectively. A Venn diagram is presented to reveal spe-
cific interactions of analytes with the different fibers (Fig. 2). The
consistency of the results was studied by means of repeatability
measurements. For each fiber, replicate analyses (n=6) were car-
ried out under identical conditions to estimate the repeatability
of the extraction efficiency. Each replicate analysis represents a
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Fig. 3. Distribution of the major chemical classes identified in THP aerosol samples using HS-SPME GC x GC-TOFMS. Top: numbers of analytes (grey) and relative percentage
of analytes (black); Bottom: concentrations (grey) and relative percentage concentrations (black).

complete and independent application of the method, including
sample preparation. For each fiber replicate, a cumulative chro-
matogram was created by combining six chromatograms based on
most reliable peaks that were detected and matched in all six sam-
ples [39,40]. Cumulative images apex plot were complemented by
%RSD values to add the precision factor to the number of peaks in
fiber comparisons. %RSD values were divided into five levels of pre-
cision that are represented by different colours in Fig. 1. Detailed
and average %RSD values for each fiber are listed in Table 1. It
clearly showed that the PDMS/DVB fiber not only provided the
best extraction efficiency in terms of number of detected peaks,
but also offered the best repeatability. As used earlier for SPME
optimisation [24], a cut-off value of %RSD <15% showed that 42%
of the 1132 peaks were considered reproducible for the PDMS/DVB
fiber. Hence, the PDMS/DVB fiber was selected for all subsequent
analyses.

3.2. SPME optimisation strategy

Screening experiments were performed to confirm the most
significant factors based on the peak area of the selected ana-
lytes from the selected seven factors (Table S-1). Peak area values
were based on the use of the set of 4 external standards. Rela-
tive standard deviations (RSDs) for repeated injections (n=28) of

the standard solution ranged from 4% to 6%. Statistical analyses
were performed using Fisher’s F-test. For the model, p<0.1 was
regarded as significant and for the selected analytes p<0.05 was
considered as significant. The eight-fractional factorial design com-
prised a set of 19 experiments for THP particulate phase VOC/SVOC
samples in random order. For the purpose of experimental design
optimisation, seven representative compounds of relevant chem-
ical classes (Table S-3) were selected from the sample, based on
their concentration in cigarette smoke and differing volatilities
and polarities: furfuryl alcohol, 2-cylcohexen-1-one, butanoic acid
4-hydroxy-, 2-furanmethanol 5-methyl-, benzene acetaldehyde,
B-humulene and neophytadiene. These analytes were naturally
present in THP samples. The statistical significance of models built
describing the relationship between responses and the factors are
available in Table S-3. All models were found statistically significant
with ANOVA (p-values <0.1). From the ANOVA results it can be seen
that factor D (extraction time) and E (extraction temperature) were
the most statistically significant with larger sets of analytes show-
ing p-values <0.1 (p-values of total peak areas were 0,01 and 0,03
respectively, for factor D and E).

A CCD was thus considered for the optimisation of SPME extrac-
tion time and temperature conditions. For the optimisation, peak
area of aforementioned analytes was considered as responses sep-
arately. The aim was to search for extraction time and extraction
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temperature values (independent variables) for which the peak
areas of the selected compounds (dependent variables) were maxi-
mized. Five replicates of the central point were performed with the
objective of estimating experimental error and detecting any lack
of fit. The matrix for CCD consisted of 13 duplicates experimental
runs performed in random order (CCD levels and chromatograms
are provided in Table S-4 and Fig. S-2, respectively). A second-
degree polynomial model including main effects for the two factors
- extraction temperature and extraction time, their interaction
and their quadratic components - was used. Contour plots of the
CCD models built for the responses of extraction temperature and
extraction time for the representative compounds and the total
peakarea are provided in Fig. S-3. Each of these separately modelled
responses were processed through a desirability function, rather
than combining several elementary responses into a more com-
plex objective function [32]. The extraction time and temperature
that provided maximum peak areas for butanoic acid 4-hydroxy-
and 2-furanmethanol 5-methyl-, were 10 min and 50 °C, respec-
tively. Furfuryl alcohol also showed good extraction at temperature
of 50°C with lower extraction time of 7 min. Less volatile com-
pounds such as B-humulene and neophytadiene required high
extraction temperatures. In addition, the total peak area of THP
constituents also increased when extraction time and temperature
were increased (see Fig. S-2). However, if more low boiling ana-
lytes were extracted the quality of the peaks for the less volatile
analytes was reduced. This later overloading fact was thus undesir-

able as it created poor peak finding results. A compromise situation
was selected with an extraction time of 15 min and an extraction
temperature of 50 °C.

3.3. Analysis of THP aerosol samples

For the qualitative and semi-quantitative analysis of
VOCs/SVOCs from THP particulate phase fraction of aerosol
constituents collected, a quarter of Cambridge filter pad was
spiked with internal standard (concentration corresponding to
50 ng/puff). A total of 205 individual compounds were assigned
using an interactive search including linear retention indices and
mass spectral library search. To our knowledge this is the first
time that such a list of THP aerosol constituents is reported. The
detected constituents were semi-quantified assuming that their
response factors relative to the closest internal standard ('tg)
were equal to 1. A total of 17 different chemical classes were
found in THP aerosol. Compounds that did not belong to any
assigned group or contained two or more functional groups were
treated as miscellaneous compounds. The major identified THP
aerosol constituents consisted of ketones (n=34), alcohols (n=31),
aldehydes (n=22), and alicyclic hydrocarbons (n=20). Estimated
concentrations, number of analytes identified, and their relative
percentage values are provided in Fig. 3. Detailed information
about all identified THP aerosol constituents is provided in Table
S-5.
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A comprehensive literature review was carried out for all iden-
tified THP aerosol constituents to classify them in terms of their
possible origin and properties. Among the 205 identified THP
aerosol constituents, 144 were previously reported in tobacco
leaves [10,41], while 122 were previously found in cigarette
mainstream smoke [10,11,14]. This overlapping of THP aerosol
composition with tobacco leaf and cigarette smoke may reflect the
fact that the THP heating process is capable to trigger the release
of, at least, a portion of the tobacco leaf constituents directly into
the aerosol. Nevertheless 82 compounds found in THP here for
the first time reporting their presence in smoke or aerosol related
samples, including 43 that were previously reported in tobacco
leaves [10,41]. This possibly highlights the preservation of certain
molecules during the heating procedure, compared to the combus-
tion and pyrolysis processes observed in regular cigarette products,
or the enhanced efficiency of our approach to isolate analytes that
originally remained hidden in sample noise. Among the 124 THP
aerosol constituents, 60 of them were belonging to terpenes and
their derivatives could be part of flavour and fragrance substances,
and 156 could be part of natural products and extractives.

Finally, the HS-SPME GC x GC-TOFMS developed here was
applied for the analysis of particulate phases fraction of 3R4F ref-
erence cigarette smoke to compare the VOC/SVOC profile of the
PP headspaces of 3R4F cigarette smoke and THP aerosol. For the
comparison of THP and reference cigarette a minimum signal-
to-noise ratio of 1000 (S/N-1000) was applied. Such an approach
was successfully used previously to detect relevant peaks at low
concentrations in the analysis of mainstream cigarette smoke PP
from 3R4F reference cigarette [11]. Results obtained after auto-
mated peak finding were manually filtered to exclude column
bleed and artifacts. The !tz and 2tz values were used to build
apex plots obtained for the two types of products (Fig. 4). The
THP aerosol sample chromatogram was much less complex than
the chromatogram of the reference cigarette smoke. The average
total number (n=6) of peaks for the THP aerosol and 3R4F refer-
ence cigarette smoke were 723 and 1995, respectively. For peak
assignments, peak identification was carried out when mass spec-
tral similarity and reverse match values were above 800 [14,17].
For lower match values, peaks were labelled as ‘unknown’. Under
these conditions, 56% and 31% of detected analytes were identified
with reasonable confidence for the THP aerosol and 3R4F reference
cigarette smoke, respectively. The larger percentage of unknowns
found in combustible sample was partly due to the large number
of peak produced, thus overloading the chromatogram and affect-
ing the peak finding algorithm and the quality of mass spectra. This
result highlighted the current limitation of GC x GC-TOFMS and the
need to continue to develop the separation and/or mass identi-
fication capability of the method and maybe consider additional
sample fractionation prior to GC x GC-TOFMS measurements.

The precision of the analytical methodology was estimated from
repeated measurements (n=6). %RSD values for the total peak
area for THP and reference cigarette were 10% and 2%, respec-
tively. For the total number of peak these values became 6% and
2%. Furthermore, %RSD values for the area of assigned peaks with
>800MS matchs for THP and reference cigarette were 13% and
2%, correspondingly. For the total number of assigned peaks with
>800MS these values become 4% and 2%. This demonstrated that the
HS-SPME GC x GC-TOFMS method developed in the present study
offered reasonable precision for the two sample types. The large
number of remaining unknown peaks was the main limiting fac-
tor for the detailed comparison of the sample types. Both the use of
high-resolution mass spectrometry (HRMS) for more accurate mass
measurement, and the use of, yet to come, more selective stationary
phases for separating unresolved peaks are possible actions to take
to enhance the capability to identify larger numbers of unknowns.

4. Conclusions

AHS-SPME GC x GC-TOFMS method was developed for the anal-
ysis of VOCs emitted from the PP fraction of THP aerosols. A set of
205 individual compounds of which the major contributors orig-
inated from possible flavour chemicals, and natural substances
and extracts. For the 82 compounds reported for the first time in
THP aerosol, 43 compounds were reported previously in tobacco
leaves. Major contributors of THP constituents were ketones, alco-
hols, aldehydes, alicyclic hydrocarbons, and alkenes. Compared to
combustible product PP, THP sample chromatograms were signifi-
cantly less complex, illustrating the greater chemical complexity
of volatiles and semi-volatiles emitted from combustible prod-
ucts and the associated technical challenge of characterizing whole
smoke emissions. Nevertheless, full characterization of THP PP is
not yet achieved as a significant part of the compounds present in
the aerosol have not yet been identified. The full description of the
THP PP will require the use high resolution/high accuracy MS and
possible fractionation of the aerosol prior analysis.

Acknowledgements

We gratefully acknowledge the continuing support of Restek
Corporation and SGE international for providing us with consum-
ables and Gerstel Japan for the licence of Aroma Office 2D.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.chroma.2017.09.
014.

References

[1] J.W. Ayers, K.M. Ribisl, ].S. Brownstein, Tracking the rise in popularity of
electronic nicotine delivery systems (electronic cigarettes) using search query
surveillance, Am. J. Prev. Med. 40 (2011) 448-453.

[2] M. Hua, P. Talbot, Potential health effects of electronic cigarettes: a systematic
review of case reports, Prev. Med. Rep. 4 (2016) 169-178.

[3] S.-H.]Jo, K.-H. Kim, Development of a sampling method for carbonyl
compounds released due to the use of electronic cigarettes and quantitation
of their conversion from liquid to aerosol, J. Chromatogr. A 1429 (2016)
369-373.

[4] D. Gallart-Mateu, L. Elbal, S. Armenta, M. de laGuardia, Passive exposure to
nicotine from e-cigarettes, Talanta 152 (2016) 329-334.

[5] J.-A. Oh, H.-S. Shin, Identification and quantification of several contaminated
compounds in replacement liquids of electronic cigarettes by gas
chromatography —mass spectrometry, J. Chromatogr. Sci. 53 (2015) 841-848.

[6] T.Cheng, Chemical evaluation of electronic cigarettes, Tob. Control 23 (2014)
ii11-ii17.

[7] B. Smith, F. Ludicke, P. Schaller, J. Vanscheeuwijck, M.C. Peitsch, Evaluation of
the Tobacco Heating System 2.2. Part 1: description of the system and the
scientific assessment program, Regul. Toxicol Pharmacol. 81 (2016) S17-S26.

[8] R.R. Baker, Smoke generation inside a burning cigarette: modifying
combustion to develop cigarettes that may be less hazardous to health, Prog.
Energy Combust. Sci. 32 (2006) 373-385.

[9] ]. Slade, G.N. Connolly, D. Lymperis, Eclipse: does it live up to its health
claims? Tob. Control 11 (2002) 64-71.

[10] A.Rodgman, T.A. Perfetti, The Chemical Composition of Tobacco and Tobacco
Smoke, second ed., CRC Press, Boca Raton, 2013.

[11] M. Brokl, L. Bishop, C.G. Wright, C. Liu, K. McAdam, ].-F. Focant, Multivariate
analysis of mainstream tobacco smoke particulate phase by headspace
solid-phase micro extraction coupled with comprehensive two-dimensional
gas chromatography-time-of-flight mass spectrometry, . Chromatogr. A 1370
(2014) 216-229.

[12] M. Pena-abaurrea, F. Ye, J. Blasco, L. Ramos, Evaluation of comprehensive
two-dimensional gas chromatography-time-of-flight-mass spectrometry for
the analysis of polycyclic aromatic hydrocarbons in sediments, J. Chromatogr.
A 1256 (2012) 222-231.

[13] J.C. Schoeman, L. du Preez, D.T. Loots, A comparison of four sputum
pre-extraction preparation methods for identifying and characterising
Mycobacterium tuberculosis using GCxGC-TOFMS metabolomics, ]. Microbiol.
Methods 91 (2012) 301-311.

[14] ]. Dalliige, L.L.P. van Stee, X. Xu, ]. Williams, J. Beens, R.J.J. Vreuls, Udo A. Th.
Brinkman, Unravelling the composition of very complex samples by


http://dx.doi.org/10.1016/j.chroma.2017.09.014
http://dx.doi.org/10.1016/j.chroma.2017.09.014
http://dx.doi.org/10.1016/j.chroma.2017.09.014
http://dx.doi.org/10.1016/j.chroma.2017.09.014
http://dx.doi.org/10.1016/j.chroma.2017.09.014
http://dx.doi.org/10.1016/j.chroma.2017.09.014
http://dx.doi.org/10.1016/j.chroma.2017.09.014
http://dx.doi.org/10.1016/j.chroma.2017.09.014
http://dx.doi.org/10.1016/j.chroma.2017.09.014
http://dx.doi.org/10.1016/j.chroma.2017.09.014
http://dx.doi.org/10.1016/j.chroma.2017.09.014
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0005
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0010
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0015
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0020
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0025
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0030
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0035
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0040
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0045
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0050
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0055
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0060
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0065
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070

142 B. Savareear et al. / J. Chromatogr. A 1520 (2017) 135-142

comprehensive gas chromatography coupled to time-of-flight mass
spectrometry, . Chromatogr. A 974 (2002) 169-184.

[15] T.Miyake, T. Shibamoto, Quantitative analysis by gas chromatography of
volatile carbonyl compounds in cigarette smoke, J. Chromatogr. A 693 (1995)
376-381.

[16] Y. Takanami, M. Chida, H. Hasebe, Y. Sone, S. Suhara, Analysis of cigarette
smoke by an online thermal desorption system and multidimensional
GC-MS, J. Chromatogr. Sci. 41 (2003) 317-322.

[17] M. Brokl, L. Bishop, C.G. Wright, C. Liu, K. McAdam, ].-F. Focant, Analysis of
mainstream tobacco smoke particulate phase using comprehensive
two-dimensional gas chromatography time-of-flight mass spectrometry, J.
Sep. Sci. 36 (2013) 1037-1044.

[18] J.N. Dong, A simple GC-MS technique for the analysis of vapor phase
mainstream cigarette smoke, J. Microcolumn Sep. 12 (3) (2000) 142-152.

[19] S.Beghi, J.-M. Guillot, Use of poly (ethylene terephtalate) film bag to sample
and remove humidity from atmosphere containing volatile organic
compounds, J. Chromatogr. A 1183 (2008) 1-5.

[20] G. Pieraccini, S. Furlanetto, S. Orlandini, G. Bartolucci, I. Giannini, S. Pinzauti,
G. Moneti, Identification and determination of mainstream and sidestream
smoke components in different brands and types of cigarettes by means of
solid-phase microextraction-gas chromatography-mass spectrometry, J.
Chromatogr. A 1180 (2008) 138-150.

[21] R.A. Raguso, R.A. Levin, S.E. Foose, M.W. Holmberg, L.A. Mcdade, Fragrance
chemistry, nocturnal rhythms and pollination ‘syndromes’ in Nicotiana,
Phytochemistry 63 (2003) 265-284.

[22] X. Wang, Y. Wang, Y. Qin, L. Ding, Y. Chen, F. Xie, Sensitive and selective
determination of polycyclic aromatic hydro- carbons in mainstream cigarette
smoke using a graphene-coated solid- phase microextraction fi ber prior to
GC/MS, Talanta 140 (2015) 102-108.

[23] H.Lin, Q. Ye, C. Deng, X. Zhang, Field analysis of acetaldehyde in mainstream
tobacco smoke using solid-phase microextraction and a portable gas
chromatograph, J. Chromatogr. A 1198-1199 (2008) 34-37.

[24] Q. Ye, Development of solid-phase microextraction followed by gas
chromatography-mass spectrometry for rapid analysis of volatile organic
chemicals in mainstream cigarette smoke, J. Chromatogr. A 1213 (2008)
239-244.

[25] C. Merckel, F. Pragst, A. Ratzinger, B. Aebi, W. Bernhard, F. Sporkert,
Application of headspace solid phase microextraction to qualitative and
quantitative analysis of tobacco additives in cigarettes, ]. Chromatogr. A 1116
(2006) 10-19.

[26] J. Pawliszyn, Theory of solid-phase microextraction, J. Chromatogr. Sci. 38
(2000) 270-278.

[27] M.I. Mitova, P.B. Campelos, C.G. Goujon-ginglinger, S. Maeder, N. Mottier,
E.G.R. Rouget, M. Tharin, A.R. Tricker, Comparison of the impact of the

Tobacco Heating System 2.2 and a cigarette on indoor air quality, Regul.
Toxicol. Pharmacol. 80 (2016) 91-101.

[28] M. Forster, C. Liu, M.G. Duke, K.G. Mcadam, CJ. Proctor, An experimental
method to study emissions from heated tobacco between 100 and 200° C,
Chem. Cent. J. (2015) 1-10.

[29] ISO 3402, Tobacco and Tobacco Products-Atmosphere for Conditioning and
Testing, International Organization for Standardization, Geneva, 1999.

[30] Health Canada Method T-115, Determination of “Tar”, Nicotine and Carbon
Monoxide in Mainstream Tobacco Smoke, Health Canada, Ottawa, 1999.

[31] M. Jacroux, Journal of Statistical Planning and Inference Blocking in two-level
non-regular fractional factorial designs, J. Stat. Plan. Inference 139 (2009)
1215-1220.

[32] S. Luis, C. Ferreira, R.E. Bruns, E.G.P. da Silva, W.N.L. dos Santos, C.M. Quintella,
J.M. David, ].B. de Andrade, M.C. Breitkreitz, I.C.S.F. Jardim, B.B. Neto,
Statistical designs and response surface techniques for the optimization of
chromatographic systems, J. Chromatogr. A 1158 (2007) 2-14.

[33] Advanced Aroma Office 2D software the GERSTEL Selectable
1D/2D-GC/MSsystem, (n.d.). http://www.gerstel.co.jp/products/
aromaoffice2D.html (Accessed 20 April 2016).

[34] Linear Retention Indices database online: http://www.flavornet.org/flavornet.
html (Accessed 26 May 2016).

[35] Linear Retention Indices database online: Citrus Research and Education
Center, http://www.crec.ifas.ufl.edu/ (Accessed 26 May 2016).

[36] V.I. Babushok, P.J. Linstrom, .G. Zenkevich, Retention indices for frequently
reported compounds of plant essential oils, J. Phys. Chem. Ref. Data 40 (2011)
1-47.

[37] J.C. Leffingwell, E.D. Alford, D. Leffingwell, Aroma constituents of a
supercritical CO 2 extract of Kentucky dark fire- cured tobacco, Leffingwell
Rep. 5 (1)(2013) 1-21.

[38] J.C. Leffingwell, E.D. Alford, D. Leffingwell, R. Penn, Identification of the
volatile constituents of cyprian latakia tobacco by dynamic and static
headspace analyses, Leffingwell Rep. 5 (2) (2013) 1-29.

[39] S.E.Reichenbach, X. Tian, A.A. Boateng, C.A. Mullen, C. Cordero, Q. Tao,
Reliable peak selection for multisample analysis with comprehensive
two-dimensional chromatography, Anal. Chem. 85 (2013) 4974-4981.

[40] S.E.Reichenbach, X. Tian, Q. Tao, E.B. Ledford Jr., Z. Wu, O. Fiehn, Informatics
for cross-sample analysis with comprehensive two-dimensional gas
chromatography and high-resolution mass spectrometry (GCxGC-HRMS),
Talanta 83 (2011) 1279-1288.

[41] X.Zhang, H. Gao, L. Zhang, D. Liu, X. Ye, Extraction of essential oil from
discarded tobacco leaves by solvent extraction and steam distillation, and
identification of its chemical composition, Ind. Crop. Prod. 39 (2012) 162-169.


http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0070
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0075
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0080
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0085
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0090
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0095
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0100
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0105
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0110
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0115
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0120
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0125
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0130
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0135
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0140
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0145
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0150
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0155
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0160
http://www.gerstel.co.jp/products/aromaoffice2D.html
http://www.gerstel.co.jp/products/aromaoffice2D.html
http://www.gerstel.co.jp/products/aromaoffice2D.html
http://www.gerstel.co.jp/products/aromaoffice2D.html
http://www.gerstel.co.jp/products/aromaoffice2D.html
http://www.gerstel.co.jp/products/aromaoffice2D.html
http://www.gerstel.co.jp/products/aromaoffice2D.html
http://www.gerstel.co.jp/products/aromaoffice2D.html
http://www.flavornet.org/flavornet.html
http://www.flavornet.org/flavornet.html
http://www.flavornet.org/flavornet.html
http://www.flavornet.org/flavornet.html
http://www.flavornet.org/flavornet.html
http://www.flavornet.org/flavornet.html
http://www.crec.ifas.ufl.edu/
http://www.crec.ifas.ufl.edu/
http://www.crec.ifas.ufl.edu/
http://www.crec.ifas.ufl.edu/
http://www.crec.ifas.ufl.edu/
http://www.crec.ifas.ufl.edu/
http://www.crec.ifas.ufl.edu/
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0180
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0185
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0190
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0195
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0200
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205
http://refhub.elsevier.com/S0021-9673(17)31335-3/sbref0205

	Headspace solid-phase microextraction coupled to comprehensive two-dimensional gas chromatography–time-of-flight mass spec...
	1 Introduction
	2 Materials and methods
	2.1 Materials and reagents
	2.2 Samples and sample preparation
	2.3 Headspace solid-phase microextraction procedures
	2.4 Instrumental analysis
	2.5 Data processing

	3 Results and discussion
	3.1 Selection of the SPME fiber
	3.2 SPME optimisation strategy
	3.3 Analysis of THP aerosol samples

	4 Conclusions
	Acknowledgements
	Appendix A Supplementary data
	References


