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a  b  s  t  r  a  c  t

A  sensitive  method  for determination  of  fluoridated  phosphonates  produced  by  fluoride-mediated
regeneration  of  nerve  agent  adduct  in human  serum  was  developed  using  gas  chromatography-mass
spectrometry (GC  MS)  with  large-volume  injection.  The  GC  injection  was  administered  using  stomach-
type  spiral  injector  (LVI,  AiSTI  SCIENCE)  enabling  introduction  of  only  target  compounds  from  50  �L
ethyl  acetate  extract  after  purging  the  solvent.  For  GC  MS  analysis  of sarin  (GB),  670  times  higher
sensitivity,  based  on  limit  of  detection  (LOD,  S/N  =  3,  on  extracted  ion chromatogram  (EIC)  at  m/z  99),
was  achieved  using  this  injection  (50  �L) compared  to  that  achieved  using  1 �L split  injection  (ratio
20:1).  Ethyl  (EtGB),  isopropyl  (GB),  n-propyl  (nPrGB),  isobutyl  (iBuGB),  pinacolyl  (GD),  cyclohexyl  (GF)
methylphosphonofluoridates,  and  O-ethyl  N,  N-dimethylphosphoramidofluoridate  (GAF)  were  detected
with low  LOD  (15–75  pg/mL)  and  sharp  peak  shapes  (high  practical  plate  number  (defined  as  5.54  x
(tR/Wh)2,  where  tR is  the  retention  time  and  Wh is  the  bandwidth  at half-height):  1100000–2400000)  in
GC  MS  using  a  polar  separation  column,  electron  ionization,  and  quadruple  mass  analyzer.  During  the
analysis  of  fluoridated  phosphonate-spiked  ethyl  acetate  extract  of  solid  phase  extraction  (SPE, Bond  Elut

NEXUS)  from  fluoride-mediated  regeneration  of blank  human  plasma,  LOD  (on  EIC  at  m/z  99  except  for
GAF  (m/z  126))  were  25–140  pg/mL  with  sharp  peak  shapes.  The  reaction  recoveries  in fluoride-mediated
regeneration  of plasma,  which  was  inhibited  by GB, GD,  GA,  GF,  VX,  and  Russian  VX  (10  ng/mL),  were
49–114%  except  for GD  (10%).  The  concentration  levels  of  0.3–1  ng/mL  of nerve  agents  in  plasma  could
be determined.

© 2018  Elsevier  B.V.  All  rights  reserved.
. Introduction

Nerve agents, a type of chemical warfare agents [1] that manifest
xtreme toxicity towards humans via organophosphorus anti-
holinesterase action, are prohibited for usage, production, and

torage [2], and are regarded as preferentially detection-targeted
ompounds. In the Matsumoto attack in 1994 and the Tokyo
ubway system attacks in 1995, the cult group Aum Shinrikyo

∗ Corresponding author. Present address: Forensic Science Group, RIKEN Spring-8
enter, Koto 1-1-1, Sayo-cho, Sayo-gun, Hyogo 679-5148, Japan.

E-mail address: seto.y@spring8.or.jp (Y. Seto).
1 Present address: Technopro R&D, 1-15-1 Benten, Chuo-ku, Chiba, Chiba 260-

045, Japan

ttps://doi.org/10.1016/j.chroma.2018.11.011
021-9673/© 2018 Elsevier B.V. All rights reserved.
used sarin (GB) gas against defenseless people, causing many
deaths and injuries [3]. In the Syrian war, many citizens were
killed by GB bombs [4,5]. In 2017, Kim Jong Nam was  assassi-
nated by VX at Kuala Lumpur international airport in Malaysia
[6]. In suspected and real chemical warfare/terrorism [7], besides
on-site detection [8] performed by first responders and labora-
tory analysis of environmental and field samples [9], analysis
of biological specimens [10,11] have been performed to identify
causative toxic substances and to verify the exposure of the casu-
alties to nerve agents. In forensic investigation on Tokyo subway
GB gas attack, we  did not detect GB but a product obtained from

GB hydrolysis, that is, isopropyl methylphosphonic acid (IMPA),
by gas chromatography-mass spectrometry (GC MS)  after tert.-
butyldimethylsilyl (TBDMS) derivatization [12,13], from the blood
samples of fatal casualties [3]. However, no such hydrolysis product

https://doi.org/10.1016/j.chroma.2018.11.011
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chroma.2018.11.011&domain=pdf
mailto:seto.y@spring8.or.jp
https://doi.org/10.1016/j.chroma.2018.11.011
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ould be detected from the samples of nonfatal casualties. Only the
ecrease in activities of red blood cell (RBC) acetylcholinesterase
AChE) and serum butyrylcholinesterase (BuChE) [14] was  indica-
ive of anti-cholinesterase agent exposure and poisoning [3].

In a human body, a nerve agent gets incorporated into the
lood stream, and at first, serum BuChE (4.6 �g (0.054 nmol)/mL
lasma [15]) and RBC AChE (0.0022 nmol/mL [16,17]), containing
igh affinity binding sites for nerve agents, adsorb the nerve agent
ia an irreversible inhibition mechanism (serine adduct formation).
lood serum BuChE level is assumed to be one hundred-fold higher
han that of RBC AChE, and so BuChE is the major binding site
or a nerve agent. Since the total volume of blood is about 6 L per
uman body, and the volumetric ratio of plasma and RBC in blood

s about 1:1, it is estimated that there are about 160 nmol BuChE
ctive sites in the human body. Therefore, when a nerve agent
nvades the human body, less than 160 nmol nerve agent can be
resumed to be preferentially adsorbed by plasma BuChE. When
ore than 160 nmol nerve agent is to be adsorbed, the remain-

ng agent that is not adsorbed by plasma BuChE is transferred to
he other organs. The central nervous system is the main target of a
erve agent. Nerve agent is also partially detoxified by paraoxonase,

 low affinity enzyme [18] present in blood plasma, or hydrolyzed
pontaneously, and finally excreted via the urinary gland. Nerve
gents are also adsorbed by albumin, low affinity binding site to
ake tyrosine adduct. [19]. Since the fatal level of GB is about 1.2 mg

8600 nmol), where fatal dosage is 150 mg  min/m3 [8] and respira-
ory volume during 1 min  of respiration contains about 8 L air, when

ore than 8600 nmol of the nerve agent is adsorbed by the human
ody, the person immediately dies, and the hydrolyzed compounds
f the nerve agent are not excreted via the urinary gland. The expo-
ure level that manifests toxicity but not fatality can be expected
o be less than one-tenth of the fatal level, and thus, it may  be less
han 1000 nmol.

Biological monitoring methods for nerve agent exposure have
een developed for detecting specific biomarkers [11] of not only
he hydrolyzed products but also the protein adducts. The lat-
er targets, that is, protein adducts, could be detected after long
eriods of time owing to a long half-life of blood proteins, and
hus low levels of exposure could also be verified. Basically, these

ethods should be highly sensitive to detect around one ng/mL
evels of nerve agents in blood. The following two  analytical meth-
ds have been developed: (1) liquid chromatography (LC)-MS for
dduct peptides after protease digestion of the adduct proteins
20–23], (2) GC MS  of fluoridated phosphonates produced by
uoride-mediated regeneration of nerve agent adduct. The lat-
er method was developed by Pollhuijs et al [25], and applied to
he analysis of casualty blood samples from the Matsumoto GB
ttack. Initially, the target adduct was plasma BuChE GB adduct, but
ater the target nerve agents were expanded [25–28]. In addition,
he adduct proteins were expanded to RBC AChE [25,29,30] and
lbumin (tyrosine adduct) [19]. Technically, plasma samples were
reated with concentrated potassium fluoride under acidic condi-
ions, applied to Sep-Pak C18 SPE cartridge, and then the resulting
uoridated phosphonates were eluted with ethyl acetate. After
ater elimination by treatment with dry ice acetone, the extract
as analyzed by GC using nitrogen-phosphorus detection (NPD)

24]. Later, although the regeneration conditions and SPE elution
olvent of ethyl acetate were not changed, some modifications were
ade, including changing SPE cartridge to highly permeable Bond

lut NEXUS [31], and altering GC detection hardware and GC injec-
ion to raise the sensitivity [31–34]. Basically, instead of either NPD
r pulsed flame photometric detection [32], electron ionization

uadrupole (Q-pole) MS  detection was used, and its sensitivity was
aised by adopting chemical ionization (CI) [4,26–31], high resolu-
ion MS [27,33,34] or tandem MS  [5,25,30]. Besides, increase in GC
njection volume raised the sensitivity, for which splitless injection
 1583 (2019) 108–116 109

[5,25,27,30,33], solid phase thermal-desorption-cooled injection
(TD-CI) [31,32,35], or programed temperature vaporization (PTV)
injection [26,29,34] were examined. Alternatively, the target com-
pounds eluted by chloroform from SPE cartridge were concentrated
using nitrogen gas blow evaporation with ethyl acetate [5,33,34].

To cope with biological monitoring of low level nerve agent
exposure during fluoride-mediated regeneration, GC injection with
large-volume of solid phase extract is efficient. The methods of
prior researches, which include off-line thermal-desorption-cooled
injection, PTV injection, or nitrogen gas blow evaporation with
chloroform, seemed tedious, and owing to possible evaporation
of volatile fluoridated phosphonates, reproducible quantification
cannot be anticipated. Taking into account the highly volatile
nature of fluoridated phosphonates (boiling point of GB: 158 ◦C),
large-volume injection (LVI) of the solid phase extract without
evaporative loss is attractive, and also, the procedure should be
rather simple with good reproducibility. Spiral LVI technology was
developed by AiSTi SCIENCE (Wakayama, Japan), and now commer-
cial LVI devices have been introduced in analytical chemistry areas
such as food and environmental sciences. For example, compounds
with bad odor and taste in tap water, such as geosmine, were suc-
cessfully analyzed by GC–MS with LVI after SPE [36]. Schematics
of the spiral LVI device are shown in Fig. 1. This injector can be
installed in any kind of GC machine. It consists of stomach-type
glass line. First, large-volume of the sample solvent is injected, and
trapped at the bottom of the stomach port at low temperature.
Then, the solvent is discarded into the purge line at higher tem-
perature and large carrier gas flow. Then, the target compounds
remaining at the bottom are injected to the GC column with even
higher temperature. Finally, the remaining compounds with rather
high boiling temperatures are purged with high temperature and
large carrier gas flow, and the injector is thermally cleaned to
be ready for next analysis. The temperature and gas flow control
enables selective and reproducible injection of analytes with sol-
vent purging. The analytes for which the boiling points were 20 ◦C
higher than that of the solvent can be applied. The operation is
automatic without off-line sample procedure. The PTV injection is
a prototype LVI, which the temperature-controlled sample liner is
positioned between the injection port and GC column vertically
[37]. This vertical liner structure may  limit the applied sample vol-
ume, compared to spiral LVI system.

In this paper, spiral LVI is adopted for sensitive determination of
seven volatile fluoridated phosphonates, and utility of this system is
confirmed for sensitive identification of plasma adduct with nerve
agents. Reaction scheme of fluoride-mediated regeneration of six
nerve agents is shown in Fig. 2. The peaks of the fluoridated phos-
phonates showed high resolution and detection sensitivity with
sub nanogram per milliliter level of detection. Thus, the method
was successfully applied to plasma inhibited by low level of nerve
agents.

2. Materials and methods

2.1. Reagent

The general chemicals used were of analytical grade.
O-Isopropyl methylphosphonofluoridate (GB), O-pinacolyl
methylphosphonofluoridate (Soman, GD), O-ethyl N, N-
dimethylphosphoramidocyanidate (Tabun, GA), O-cyclohexyl
methylphosphonofluoridate (cyclohexylsarin, GF), O-ethyl
methylphosphonofluoridate (ethylsarin, EtGB), O-isobutyl

methylphosphonofluoridate (isobutylsarin, iBuGB), O-ethyl S-N, N-
diisopropylaminoethyl methylphosphonothiolate (VX), O-isobutyl
S-N, N-diethylaminoethyl methylphosphonothiolate (Russian VX,
RVX), and O-Ethyl N, N-dimethylphosphoramidofluoridate (fluo-
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ig. 1. Structure of spiral injector (a) and schematic diagram of large-volume injectio
triangle) is retained at the bottom of the injector; (2) Solvent purging: the solvent
C  column; (d) Injector washing: the remaining high-boiling point compounds are

otabun, GAF) were synthesized in-house [38,39]. Their purities
ere evaluated to be more than 98% except for GAF (70%). Water
sed was purified by a MilliQ gradient A-10 system (Millipore,
edford, MA,  USA).

.2. Instrumentation

The LVI GC–MS system consisted of a 7890 series gas chro-
atograph (Agilent Technologies, Santa Clara, CA, USA) equipped
ith a large-volume injector (LVI-S200, AiSTI SCIENCE, Wakayama,

apan), and a 5973 Q-pole mass selective detector (Agilent Tech-
ologies). Fifty microliters of ethyl acetate extract was injected into
he injector automatically which was initially maintained at a tem-
erature of 80 ◦C for 0.8 min, then the temperature was raised to
40 ◦C at the rate of 120 ◦C/min, and then to 290 ◦C at the rate of
0 ◦C/min. During the injection, helium was flown at 150 mL/min
ith solvent vent open for first 0.76 min. The GC–MS conditions
ere as follows: column, DB-5 (0.25 mm x 30 m,  thickness, 0.25

m),  40 ◦C for 4 min, 40–300 ◦C at 20 ◦C/min, helium 1.2 mL/min;

onization: electron ionization, ion source temperature: 230 ◦C;
can: 13 scan/s, m/z: 40∼350. Schematic diagram of the injection is
hown in Fig. 1.
 (1) Sample injection: solvent (blue) containing the analytes (circle) and nonanalytes
wn into the purge line; (3) Analyte introduction: analytes are introduced into the
ded into the purge line and the injector is thermally cleaned.

The split and splitless injections were performed using the same
7890 series gas chromatography injector coupled with a 5973
Q-pole mass selective detector. One microliter of ethyl acetate
solution containing fluoridated phosphonates was injected into
the split/splitless injector automatically, which was maintained at
250 ◦C with column flow of 0.7 mL  in both split mode (ratio 20:1)
and in splitless mode (after injection, the split flow was  stopped for
2 min, and then raised to 50 mL). The GC–MS conditions were the
same as the above except for the GC temperature program, which
was changed to 40 ◦C for 1 min, followed by 40–290 ◦C at the rate
of 20 ◦C/min, and holding the temperature of 290 ◦C for 5 min.

2.3. Reaction of human blood plasma with nerve agents

Human blood plasma (pool, heparinized) was  obtained from
Cosmo Bio Co., Ltd (Tokyo, Japan). One milliliter of control human
plasma was  incubated with 5 �L of diluted solution of nerve agent
in isopropanol at 25 ◦C for 3 or 15 min.
BuChE activity was measured by modified Ellman’s method [14].
Two hundred microliters of human plasma was mixed with 1 �L
of isopropanol solution containing the nerve agent, and incubated
at 25 ◦C for 10 min. The inhibited solution was  diluted 50-fold with
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ig. 2. Reaction of nerve agents with serum butyrylcholinesterase or albumin follo
nd  “R’O” in “R’ORP(O)-L” mean leaving group, phosphorus-binding methyl or dime

ater, and 100 �L aliquot was preincubated with 3 mL  of 0.25 mM
, 5′-dithiobis(2-nitrobenzoic acid) in 5 mM sodium phosphate (pH
.7) at 25 ◦C for 10 min. Then, BuChE reaction was triggered by
ddition of 40 �L of 156 mM butyrylthiocholine (BuTCh) iodide
olution, and incubation at 25 ◦C for 15 min. The reaction was ter-
inated by addition of 50 �L of 12 mM eserine sulfate. Absorbance

t 405 nm was measured in a quartz cuvette (with 1 cm light-path
ength). Blank run was measured for the same reaction except for
he preincubation with eserine. The molar absorption coefficient
�) of the hydrolyzed substrate (thionitrobenzoic acid) was taken
o be 13,500. One unit of BuChE is defined as the enzyme hydrolyz-
ng 1 �mol  of BuTCh per min. BuChE activity of control plasma is
round 1 U/mL plasma.

.4. Fluoride-mediated regeneration

The fluoride-mediated regeneration was performed as previ-
usly described by Degenhardt et al [31]. One milliliter of nerve
gent-inhibited plasma was incubated with 3 mL  of 0.189 M sodium
cetate (pH 3.5) and 0.19 mL  of 5.25 M potassium fluoride at 25 ◦C
or 15 min. The reaction was terminated by the addition of 0.5 mL  of
.8 M sodium bicarbonate, and immediately the reaction mixture
as applied to Bind Elut NEXAS (solid phase 200 mg/6 mL  car-
ridge, Agilent Technologies (Santa Clara, CA, USA)), which was  set
n sample processing manifold (Vac Master-10, Biotage, Uppsala,
weden), and equilibrated with 5 mL  n-hexane, 5 mL  ethyl acetate,
nd 10 mL  water, and drawn under weak vacuum. The target com-
by fluoride-mediated regeneration of fluoridated phosphonates. The mark “L”, “R”
mino group, and alkoxyl group, respectively.

pounds on the cartridge were eluted with 2 mL  of ethyl acetate.
Water from the ethyl acetate fraction was removed under dry ice-
acetone, and the dehydrated fraction was subjected to GC–MS.

2.5. Safety considerations

Nerve agents are highly toxic. Therefore, protective clothing was
worn and the chemical warfare agents (CWAs) were carefully han-
dled within a fume hood and destroyed with sodium hypochlorite
after analysis. The synthesis and use of GB, GD, GA, GF, EtGB, iBuGB,
VX, and RVX was approved by the Ministry of Economy, Trade, and
Industry of Japan [40].

3. Results and discussion

3.1. GC–MS with large-volume injection for fluoridated
phosphonates in ethyl acetate solution

As solvent for GC injection, ethyl acetate (boiling point: 77 ◦C)
was used because only ethyl acetate was  used in study fluoride-
mediated regeneration of nerve agent adduct in prior researches.
Initially, taking into account the boiling points of the solvent and
typical analyte, GB (boiling point: 158 ◦C), the initial injector tem-

perature was  set to be 80 ◦C, and initial temperature and retaining
time for GC separation were set to be 40 ◦C and 4 min. Using GB
as the analyte, the analytical conditions were optimized to provide
acceptable peak shape, retention time, and highest peak area. The
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Fig. 3. Total ion and extracted ion (m/z  99, m/z 126, m/z 85) chromatograms of O-alkyl methyphosphonofluoridates and O-ethyl N, N-dimethylphosphoramidofluoridate
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GAF). Ethyl acetate solution containing O-ethyl, O-isopropyl, O-n-propyl, O-isobut
nd  GF; all 10 ng/mL), GAF (7 ng/mL), and n-alkanes (octane, nonane, decane, un
nstrument with spiral large-volume injector.

onditions finally established are shown in Materials and Methods
ection. Seven analytes, which are EtGB, GB, nPrGB, iBuGB, GD, GF,
nd GAF, were analyzed by GC MS  with large-volume injection of
0 �L ethyl acetate solution. As shown in Fig. 3, the peaks for EtGB,
B, nPrGB, iBuGB, GAF, GD, and GF appeared in this order. These
nalytes could be well detected on extracted ion chromatograms
f m/z  99 and m/z 126 as base peaks. Fig. S1 shows mass spectra
f the analytes, which are identical with NIST library data spectra.
able 1 shows the determination performance of this GC MS  sys-
em. Quantitative ions and identifiable ions are shown with limits
f detection (LODs), within-day repeatability shown as standard
rror (%), average slope values (peak area for each concentration)
n calibration curves, their standard deviations (SD), average rela-
ive slope values compared to those for GB, SD for these values,
umber of the trials to obtain slope data, limit of identification

btained under the criteria of the allowable tolerance of the rel-
tive peak area intensity of identifiable ion to quantitative ion
obtained from Table S1), and number of the practical plate (NPP,
inacolyl, O-cyclohexyl methylphosphonofluoridates (EtGB, GB, nPrGB, iBuGB, GD,
e, dodecane, tridecane, and tetradecane; 50 ng/mL) was  injected into the GC–MS

defined as 5.54 x (tR/Wh)2, where tR is the retention time and Wh
is the bandwidth at half-height) of the analyte peaks, applied cor-
respondingly from the theoretical plate number. Because the GC
separation was  performed by temperature programming, theoreti-
cal plate numbers could not be strictly calculated, but by comparing
the NPP values, GC peak sharpness can be estimated. Calibration
curves of the peak areas of the quantitative and identifiable ions
against the concentrations provided linear or concave curves for
0 to 10 ng/mL concentrations of nerve agent (Fig. S2). The relative
LODs for the quantitative and identifiable ions were almost sim-
ilar to mass spectral peak intensities (Fig. S1). We  compared the
determination performance of this system by usual GC MS,  with
either split or splitless injection. As shown in Table S2, split injec-
tion (ratio 20:1) provided sharp peaks of the target compounds
with NPP values of 120,000–820,000. The LOD values were around

10 to 40 ng/mL level. Splitless injection provided low LOD values
but not as low as expected. Especially, for more volatile analytes
(GB–iBuGB) the peak resolution was low and the LOD values were
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Table  1
Determination performance of gas chromatography-mass spectrometry with spiral large-volume injection for ethyl acetate solution containing O-alkyl methyphospho-
nofluoridates and O-ethyl N, N-dimethylphosphoramidofluoridate (GAF). The limits of detection (LODs) are obtained from the concentration showing signal to noise ratio
of  3. Within-day repeatability is expressed as standard error value obtained from three measurements at 3 ng/mL fluoridated phosphonates. Slope value is obtained from
standard curve of the quantitative ion peak areas against the concentrations (n = 12–17, except for nPrGB (n = 5)). The limit of identification (LOI) is expressed as the lowest
concentration fulfilling relative ion peak intensity criteria as shown in Table S1. The practical plate number (NPP) is defined as 5.54 x (tR/Wh)2, where tR is the retention time
and  Wh is the bandwidth at half-height.

Agent m/z LOD (pg/mL) Within-day
repeatability (%)

Slopea average Slope SD Relative slope
average

Relative slope SD Trial LOI (pg/mL) NPP

EtGB 99 15 6 87 69 0.805 0.343 14 30 2.38 × 106

111 100
GB 99 18 4.4 100 45 1 17 100 1.37 × 106

125 42
nPrGB 99 18 6.3 79 36 0.682 0.223 5 300 1.17 × 106

111 120
iBuGB 99 25 5.2 69 35 0.569 0.223 12 30 1.87 × 106

112 34
GD 99 75 3.9 28 15 0.307 0.121 16 300 1.57 × 106

126 94
GF 99 22 6.8 110 51 1.295 0.575 15 300 1.83 × 106

67 190
GAF 126 69 3.2 44 13 0.386 0.221 16 210 1.25 × 106

155 140
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Table 2
Determination performance of gas chromatography-mass spectrometry with
spiral large-volume injection for ethyl acetate extract of solid phase extrac-
tion from fluoride-mediated regeneration reaction mixture of blank human
serum containing O-alkyl methyphosphonofluoridates and O-ethyl N,N-
dimethylphosphoramidofluoridate (GAF). LOI is measured for the lowest
concentration fulfilling relative ion peak intensity criteria as shown in Table S2.
NPP: number of practical plates for agent peak.

Agent m/z LOD g/mL Within-day
repeatability (%)

LOI pg/mL NPP

EtGB 99 34 4.1 300 8.39 × 105

111 140
GB 99 33 3.1 100 1.00 × 106

125 48
nPrGB 99 45 2.9 300 1.11 × 106

111 260
iBuGB 99 58 4.7 100 1.16 × 106

112 70
GD 99 140 2.7 300 1.88 × 106

126 110
GF 99 25 4.4 1000 1.78 × 106

67 320
: number of theoretical plates for agent peak.
a amount in pg/mL.

imilar to those obtained after split injection, although the slope
alues were approximately 5-fold higher, which may  be derived
rom lower peak resolution. EtGB could not be detected. In con-
rast, LVI mode provided considerably higher peak resolution and
igh detection sensitivity. By comparing the peak area values of
he fluoridated phosphonates between LVI (50 �L injection) and
plitless injection (1 �L injection) using the same GC MS  machine,
he relative peak area values of LVI to splitless injection were 56
GB), 75 (iBuGB), 51 (GD), 80 (GF) and 76 (GAF), respectively. Upon
omparing the slope values and LOD of the LVI mode to those of
he split mode (split ratio 20:1), the increased sensitivity ratios
ere 350–1600 and 440–1900. These ratios are compatible with

he ratios of the injection volumes (50 �L vs 1 �L x 1/20). The
arry-over of the target compounds was not observed, for there
ere no target peaks on the extracted ion chromatograms from

he blank run after the standard sample run (50 �L injection of
0 ng/mL solution).

As for the retention times of the target compounds, considerable
ariation was observed. As shown in Table S3, the retention times of
ore volatile EtGB and GB deviated by about 1 min. For less volatile

ompounds, retention times were rather converged with small SD
alues. It may  be possible because the stacking of the target com-
ounds in the front of the separation GC column at 40 ◦C may  be
everely influenced by the condition of the concentrated solution at
he stomach bottom in spiral injector. The timing of purging of the
olvent is a delicate event. The retention index (RI) values against
ormal alkane are shown in Table S4. The RI values of the exam-

ned fluoridated phosphonates ranged from 790 to 1220. Not only
ithin-day repeatability but also between-day repeatability was

ow. We can detect fluoridated phosphonates by the target analy-
is where initially the EIC with m/z  of quantitative and identifiable
ons are traced and then the elution position is ascertained by their
I values.

.2. GC–MS with LVI for fluoridated phosphonates in plasma
xtract ethyl acetate solution

Before proceeding with the fluoride-mediated regeneration of

erve agent adducts, matrix effect of the plasma extract on GC–MS
nalysis with LVI was examined. It was speculated that not only
S detection but also GC separation derived from LVI were influ-

nced by matrix components extracted from plasma treated by
GAF 126 120 6.9 210 1.22 × 106

155 190

fluoridated regeneration reaction mixture. Fig. S3 shows typical
GC traces for ethyl acetate extract of solid phase extraction from
fluoridated regeneration reaction mixture of blank human serum,
containing fluoridated phosphonates. On TIC, large components
derived from the plasma were eluted mainly at a retention time
later than 12 min, within the elution positions of high GC column
temperature. Within the elution position of low GC column temper-
ature, where fluoridated phosphonates appeared and the retention
index was less than 1300, the matrix components exhibited less
interference. However, severe interference could still be observed
within these early retention times. With lower m/z  ion extraction,
background noise was higher. Table 2 shows the detection capacity
of this GC–MS system, including the LOD, within-day repeatability
shown as standard error (%), limit of identification obtained from
Table S5, and NPT values. The LOD values were raised 1.1–2.5 fold
compared to those for ethyl acetate solution, and the values of the

limit of identification (LOI), which is expressed as the lowest con-
centration fulfilling relative ion peak intensity criteria as shown in
Table S1, were either the same or raised 3.3- to 10-fold. Calibra-
tion curves of the peak areas for the quantitative and identifiable
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Table  3
Reaction recovery during fluoride-mediated regeneration of fluoridated phospho-
nates from human plasma inhibited by middle level exposure to nerve agent. Human
plasma was reacted with nerve agent (10 ng/mL) for 15 min  (except for GD with
which the reaction time was 3 min) at 25 ◦C, and fluoride-mediated regeneration
was  performed to produce the corresponding phosphonofluoridates. The net pro-
duction quantity is obtained using the matrix calibration curves or by compensation
for  plasma extract matrix effect.

Inhibitory agent VX GB RVX GD GD GF GA

Regenerated agent EtGB GB iBuGB GD GD GF GAF
Reaction time (min) 15 15 15 15 3 15 15
Trial 5 12 4 2 3 6 5
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The control human plasma sample was incubated for 15 min
Recovery (%) 59.2 49.4 114.4 0 10.5 52.8 68.2
SD  (%) 15.8 11.1 27.9 6.3 17.3 18.3

ons against the concentrations provided linear or concave curves
or concentration range of 0 to 10 ng/mL (Fig. S4). The yields of
he peak areas for the quantitative and identifiable ions in plasma
xtract matrix compared to those in ethyl acetate solution were not
onstant, but rather deviated, depending on concentrations being
xamined, as shown in Fig. S5. As were the longer the retention time
f fluoridated phosphonates, the relative yields were higher. The
arry-over of the target compounds from the regenerated reaction
xtract was not observed, just the same as the standard solution.

From the LOD values based on the quantitative ion tracing
hown in Table 2 and the reaction recovery values shown in Table 3,
e could speculate the detection sensitivity of plasma protein

dducts which were detected as regenerated fluoridated phospho-
ates. For GB, GF, GA, VX, and RVX, the LOD values were 130, 90, 350,
30, and 200 pg/mL plasma, respectively. The earlier regeneration
ethod adopting GC-NPD yielded 200 pg GB/mL blood [24]. Then,

akubowski et al reported an LOD of 16 pg GB/mL RBC, by adopting
0 �L PTV and ammonia CI Q-pole mass analyzer with isotope dilu-
ion [29]. Degenhardt et al reported an LOD of 10 pg/mL plasma for
B, GF, GA, and VX, by adopting 100–400 �L TD-CI and ammonia
I Q-pole mass analyzer [31]. Byers et al reported an LOD of 20 ng
X/mL RBC, by adopting 1–3 �L splitless injection and ammonia CI

riple stage Q-pole mass analyzer with isotope dilution [17]. Ren-
er et al obtained 500 pg GD/mL plasma, by adopting 50 �L PTV

njection and ammonia CI Q-pole mass analyzer with isotope dilu-
ion [26]. Holland et al reported an LOD of 5–16 pg/mL serum for
B, GD, GF GA, and VX, by adopting SPE solvent concentration, 2 �L
plitless injection, and sector mass analyzer [33]. Van der Meer et al
eported an LOD of 70 pg/mL plasma for GB, GA and VX, by adopt-
ng SPE solvent concentration, 100 �L PTV injection, and time-of
ight mass analyzer [24]. Off-course, the regeneration efficiency
epending on target compounds and biological samples influences
he method sensitivity. However, two factors of GC injection vol-
me, including injection efficiency and MS  detection sensitivity, are
ore important in determining the method sensitivity. According

o the varied methods, LOD values based on sample volume (mL)
aried from 5 pg/mL to 20 ng/mL. The LOD values of our method fell
n-between this range. Considering that MS  detection of electron
onization Q-pole mass analyzer is not sensitive compared to high-
esolution MS  and tandem MS,  spiral LVI system could considerably
ontribute in raising the method’s sensitivity.

The retention times of the target compounds in plasma extract
argely fluctuated between days (data not shown). Although their
lution times were not the same as for those in matrix-free solu-
ion, the average relative retention times (ratio of those in plasma
xtract to those in matrix-free solution) were almost one. Identifi-
ation of the target compounds can be achieved both by EIC tracing
nd RI confirmation. As shown in Table S6, the RI values against nor-

al  alkanes were converged which could be ascertained with RI SD

alues, and these values were almost the same as those obtained
rom ethyl acetate solution.
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3.3. Fluoride-mediated regeneration of fluoridated phosphonates
from nerve agent-inhibited human plasma

In fluoride-mediated regeneration GC MS  method, extremely
high sensitivity is required in order to detect nanogram per micro-
liter levels of ChE adduct from plasma of the casualties with low
level exposure. The disadvantage of this method is the phenomenon
of aging, that is, enzymatic hydrolysis of alkoxyl group in the
irreversibly bound nerve agents catalyzed by active site histidine.
Especially, aging rate is very high for GD adduct. Fluoride-mediated
regeneration cannot be achieved for aged adducts. For plasma sam-
ple of the casualties with high level exposure, it is possible to detect
nerve agents with rapid aging against ChE, using tyrosine adduct of
albumin which does not show aging [19].

Control human plasma was incubated with nerve agents
(<150 nM concentration), and the residual BuChE activity was mea-
sured (Fig, S5). As the nerve agent concentrations were increased
to 50 nM,  the BuChE activity was decreased with 1:1 molecular
stoichiometric relationship. The inhibition curves for nerve agents
showed similar curve pattern. Because all the nerve agents are
strong inhibitors of BuChE activity with high ki/KI (ki: inhibition
reaction constant (min−1), KI: dissociation constant (M−1)), the
nerve agents bind to active sites of BuChE irreversibly. As the
concentration of nerve agents was further increased from 50 nM
to 150 nM,  inhibition curve became concave. It is expected that
the BuChE active site concentration in this commercially available
plasma sample was about 100 nM.

The control human plasma sample was  incubated for 15 min  (or
3 min  for GD) with a nerve agent (10 ng/mL plasma) that was  below
the concentration of BuChE active site. Then, fluoride-mediated
regeneration was  performed. The regenerated fluoridated phos-
phonates, corresponding to the reacted inhibitory agents were
evaluated, and their concentrations were calculated after compen-
sating for the plasma matrix effect. Table 3 shows the reaction
recovery values. The reaction recovery comprises of regeneration
yield of inhibitory nerve agent, and recovery of the regenerated
agent from the reaction mixture into final solid phase extract. From
RVX incubated plasma, reaction recovery was almost 100%. From
GD incubated plasma, no GD was detected, indicating rapid aging
reaction of GD adduct. Instead, 10% GD was recovered from plasma
incubated for 3 min  with GD. Taking into account the aging speed
of GD BuChE adduct, which is in the order of minutes, regenera-
tion achieved for GD was  reasonable. For other agents, about 50%
of the corresponding fluoridated phosphonates were recovered. It
is conceivable that in cases inhibited by VX and GB, the regener-
ation yields might be perfect but the extraction recoveries were
low because of high volatility of regenerated EtGB and GB. On the
other hand, in cases inhibited by GF and GA, the regeneration yield
may be low owing to steric hindrance of the alkoxy groups but the
extraction recoveries were almost 100%.

Since spiral LVI enables introduction of almost all the sample
volume into GC column, the sensitivity is extraordinarily increased,
but all the plasma extract components are introduced into ion-
ization source of mass analyzer, and so the source becomes dirty
after repeated injections, resulting in decrease of sensitivity. We
cleaned the ion source after every 40–50 injections, which restored
the mass spectrometric sensitivity. The necessary frequent clean-
ing of ion source is one drawback in LVI. If the back flushing device
was installed to GC, we could protect the ion source from getting
dirty by back flushing the late eluting components contained in the
plasma extract, preventing introduction of these dirty components
into GC and MS.
(3 min  for GD) with a nerve agent (1, 0.3 ng/mL plasma), which was
expected to be below the inhibitor level occupying 5% of BuChE
active sites. The determination result for 1 ng GB/mL plasma is
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ig. 4. Extracted ion (m/z 99, m/z 125, m/z 85) chromatograms of ethyl acetate ex
uman serum (1 mL)  inhibited by sarin (GB, 15 min, 1 ng/mL). The retention time of

hown in Fig. 4. On EIC at both m/z 99 and m/z 125, a sharp peak
t 6.80 min  was observed, and the RI value was 826, determined
y the comparison of normal alkane peaks with EIC at m/z 85.
n addition, on EIC at both m/z  99 and m/z  111 (Fig. S7); m/z 99
nd m/z 126 (Fig. S8); and m/z  99 and m/z  67 (Fig. S9), peaks at
.11 min, 8.26 min, and 9.64 min, respectively, were observed for
olid phase extract of fluoride-mediated regeneration from plasma
amples inhibited by 1 ng/mL of nPrGB, GD, and GF, and the corre-
ponding RI values were 890, 1048, and 1222 which were proven
o belong to nPrGB, GD, and GF, respectively. Moreover, on EIC at
oth m/z  99 and m/z 111 (Fig. S10); m/z  99 and m/z 112 (Fig. S11);
nd m/z  126 and m/z 155 (Fig. S12), peaks at 6.54 min, 7.46 min, and
.57 min, respectively, were observed from solid phase extract of
uoride-mediated regeneration from plasma samples inhibited by

 ng/mL of VX, RVX, and GA, and the corresponding RI values were
84, 944, and 958, which were proven to belong to EtGB, iBuGB,
nd GAF, respectively. Table S7 shows the determination result of
uoridated phosphonates obtained from fluoride-mediated regen-
ration from the plasma inhibited by low levels of nerve agent (1,
.3 ng/mL plasma). Reaction recovery was calculated tentatively
lthough validation could not be achieved. The recovery values
Table S7) were comparable with those for the cases where the
lasma was inhibited by 10 ng/mL concentration of nerve agent
Table 3). Identification (fulfillment of mass spectrometric crite-
ia of relative peak area of the identifiable ion to quantitative ion)

as also achieved for all the agents present in plasma at high levels

1 ng/mL), and for nPrGB and RVX present at low levels (0.3 ng/mL).
f solid phase extraction from fluoride-mediated regeneration reaction mixture of
n is 6.80 min.

In this paper, single quadrupole mass analyzer was used as
detector. Even though large-volumes can be introduced into a GC
column, the LOD for fluoridated phosphonates was not low in this
study, compared to that reported in the previous paper that pro-
vided sub picogram per microliter level of detection using tandem
mass analyzer or high-resolution mass analyzer as detector. If such
sensitive and selective mass analyzer can be coupled with GC with
spiral LVI, much more sensitivity can be achieved, enabling sub
picogram per milliliter level of detection for fluoridated phospho-
nates from nerve agent adducts.

4. Conclusion

By adopting spiral LVI system, volatile fluoridated phos-
phonates, ethyl, isopropyl, n-propyl, isobutyl, pinacolyl,
cyclohexyl methylphosphonpfluoridates, and O-ethyl N,N-
dimethylphosphoramidofluoridate could be determined with
15–75 pg/mL detection limits and sharp peaks of high number
of practical plates. There were considerable variations in the
retention times of the target compounds among the experiments,
but the retention index confirmation using simultaneous injection
of normal alkanes allowed possible identification coupled with
confirmation of the tolerance level of the relative peak intensity of
identifiable ion to quantitative ion. GC-single quadrupole MS  with

LVI was  applied for the analysis of the target compounds produced
by fluoride-mediated regeneration from nerve agent-inhibited
plasma. Although matrix components of plasma extract posed
interfering effects on sensitive detection, 25–140 pg/mL detection
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imits were achieved with sharp peaks. Detection of regenerated
uoridated phosphonates could be achieved for fluoride-mediated
egeneration of plasma inhibited by less than 0.3–1 ng/mL levels
f nerve agents.

ppendix A. Supplementary data

Supplementary material related to this article can be found, in
he online version, at doi:https://doi.org/10.1016/j.chroma.2018.
1.011.

eferences

[1] S.M. Somani (Ed.), Chemical Warfare Agents, Academic Press, San Diego, 1992.
[2] Organization for the Prohibition of Chemical Weapons, Chemical Weapon

Convention, Accessed July 18, 2018 https://www.opcw.org/chemical-
weapons-convention/.

[3] Y. Seto, N. Tsunoda, M. Kataoka, K. Tsuge, T. Nagano, Toxicological analysis of
victim’s blood and crime scene evidence samples in the sarin gas attack
caused by the Aum Shinrikyo cult, in: A.T. Tu, W.  Gaffield (Eds.), Natural and
Selected Synthetic TOxins - Biological Implications, American Chemical
Society, Washington, DC, 1999, pp. 318–332.

[4] BBC News, Syria conflict: ‘Chemical attack’ in Iblib kills 58, 2018,
http:www.bbc.news/world-middle-east-39488539. Accessed November 16,
2018.

[5] H. John, M.J. vand der Schans, M.  Koller, H.E.T. Spruit, F. Worek, H. Thiermann,
D.  Noort, Fatal sarin poisoning in Syria 2013: forensic verification within an
international laboratory network, Forensic Toxicol. 36 (2018) 61–71.

[6] Radio Free Asia, Malaysia: Kim Jong Nam Murder Trial Lab to View VX
Evidence, 2018, Accessed July 18, 2018
htpp://www.rfa.org/English/news/korea/Malaysia-kimjongnam-
1009201154750.html.

[7] Society for Countermeasure against Chemical, Biological, Radiological,
Nuclear and Explosive Terrorism, Nuclear, Biological and Chemical Terrorism
Countermeasure Handbook., Shindan To Chiryo Sha, Tokyo, 2008.

[8] Y. Seto, On-site detection of chemical warfare agents, in: R.C. Gupta (Ed.),
Handbook of the Toxicology of Chemical Warfare Agents, 2nd ed., Elsevier,
Amsterdam, 2015, pp. 897–914, Chapter 60.

[9] P. Vanninen (Ed.), Recommended Operating Procedures for Analysis in the
Verification of Chemical Disarmament, The Ministry for Foreign Affairs of
Finland, University of Helsinki, Helsinki, Finland, 2011.

10] D. Noort, H.P. Benschop, R.M. Black, Biomonitoring of exposure to chemical
warfare agents: a review, Toxicol. Appl. Pharmacol. 184 (2002) 116–126.

11] R.M. Black, Biological markers of exposure to organophosphorus nerve agents,
Arch. Toxicol. 87 (2013) 421–437.

12] M. Kataoka, Y. Seto, Discriminative determination of alkyl
methylphosphonates and methylphosphonate in blood plasma using
different deproteinization procedures followed by strong anion exchanger
solid phase extraction and gas chromatography-mass spectrometry after
tert-butyldimethylsilyl derivatization, J. Chromatogr. B 795 (2003) 123–132.

13] M. Kanamori-Kataoka, Y. Seto, Laboratory identification of the nerve gas
hydrolysis products alkyl methylphosphonic acids and methylphosphonic
acid, by gas chromatography-mass spectrometry after
tert-butyldimethylsilylation, J. Health Sci. 54 (2008) 513–523.

14] Y. Seto, T. Shinihara, Structure-activity relationship of reversible
cholinesterase inhibitors including paraquat, Arch. Toxicol. 62 (1988) 37–40.

15] J. Grunwald, D. Marcus, Y. Papier, L. Raveh, Z. Pittel, Y. Ashani, Large-scale
purification and long-term stability of human butyrylcholinesterase: a
potential bioscavenger drug, J. Biochem. Biophys. Method. 34 (1997) 123–135.

16] T. Rosenberry, D.M. Scoggin, Structure of human erythrocyte
acetylcholinesterase. Characterization of intersubunit disulfide bonding and
detergent interaction, J. Biol. Chem. 259 (1984) 5643–5652.

17] C.F. Bartels, W.  Xie, A.K. Miller-Lindholm, L.M. Schopfer, O. Lockridge,
Determination of the DNA sequences of acetylcholinesterase and
butyrylcholinesterase from cat and demonstration of the existence of both in
cat plasma, Biochem. Pharmacol. 60 (2000) 479–487.

18] M. Kanamori-Kataoka, Y. Seto, Paraoxonase activity against nerve gases
measured by capillary electrophoresis and characterization of human serum
paraoxonase (PON1) polymorphism in the coding region (Q192R), Anal.
Biochem. 385 (2009) 94–100.
19] N.H. Williams, J.M. Harrison, R.W. Read, R.M. Black, Phosphylated tyrosine in
albumin as a biomarker of exposure to organophosphorus nerve agents, Arch.
Txocol. 81 (2007) 627–639.

20] A. Fidder, A.G. Hulst, D. Noort, R. de Ruiter, M.J. van der Schans, H.P. Benschop,
J.P.  Langenberg, Retrospective detection of exposure to organophosphorus

[

 1583 (2019) 108–116

anti-cholinesterases: mass spectrometric analysis of phosphylated human
butyrylcholinesterase, Chem. Res. Toxicol. 15 (2002) 582–590.

21] D. Noort, A. Fidder, M.J. van der Schans, A.G. Huist, Verification of exposure to
organophosphates: generic mass spectrometric method for detection of
human butyrylcholinesterase adducts, Anal. Chem. 78 (2006) 6640–6644.

22] K. Tsuge, Y. Seto, Detection of human butyrylcholinesterase-nerve gas
adducts using liquid chromatography-mass spectrometric analysis after in gel
chymotryptic digestion, J. Chromatogr. B 838 (2006) 21–30.

23] J.J.S. Sporty, S.W. Lemire, E.M. Jakubowski, J.A. Renner, R.A. Evans, R.F.
Williams, J.G. Schmidt, M.J. van der Schans, D. Noort, R.C. Johnson,
Immunomagnetic separation and quantification of butyrylcholinesterase
nerve agent adducts in human serum, Anal. Chem. 82 (2010) 6593–6600.

24] M.  Polhuijs, J.P. Langenberg, H.P. Benschop, New method for retrospective
detection of exposure to organophosphorus anticholinesterases: application
to  alleged sarin victims of Japanese terrorists, Toxicol. Appl. Pharmacol. 146
(1997) 156–161.

25] J.M. McGuire, J.T. Tayler, C.E. Byers, E.M. Jakubowski, S.A. Thomson,
Determination of VX-G analogue in red blood cells via gas
chromatography-tandem mass spectrometry following an accidental
exposure to VX, J. Anal. Toxicol. 32 (2008) 73–77.

26] J.A. Renner, P.A. Dabisch, R.A. Evans, J.M. McGuire, A.L. Totura, E.M.
Jakubowski, S.A. Thomson, Validation and application of a GC-MS method for
determining soman concentration in rat plasma following low-level vapor
exposure, J. Anal. Toxicol. 32 (2008) 92–98.

27] M.I. Solano, J.D. Thomas, J.T. Tayler, J.M. McGuire, E.M. Jakubowski, S.A.
Thomson, V.L. Maggio, K.E. Holland, J.R. Smith, B. Capacio, A.R. Woolfitt, D.L.
Ashley, J.R. Barr, Quantification of nerve agent VX-butyrylcholinesterase
adduct biomarker from an accidental exposure, J. Anal. Toxicol. 32 (2008)
68–72.

28] R.F. Genovese, B.J. Benton, E.H. Lee, S.J. Shippee, E.M. Jakubowski, Behavioral
and biochemical evaluation of sub-lethal inhalation exposure to VX in rats,
Toxicology 232 (2007) 109–118.

29] E.M. Jakubowski, J.M. McGuire, R.A. Evans, J.L. Edwards, S.W. Hulet, B.J.
Benton, J.S. Forster, D.C. Burnett, W.T. Muse, K. Katson, C.L. Crouse, R.J.
Mioduszewski, S.A. Thomson, Quantitation of fluoride ion released sarin in
red blood cell samples by gas chromatography-chemical ionization mass
spectrometry using isotope dilution and large-volume injection, J. Anal.
Toxicol. 28 (2004) 357–363.

30] C.E. Byers, J.M. McGuire, S.W. Hulst, D.C. Burnett, B.I. Gaviola, E.M. Jakubowski,
S.A. Thomson, Gas chromatography-tandem mass spectrometry analysis of
red blood cells from Göttingen minipig following whole-body vapor exposure
to  VX, J. Anal. Toxicol. 32 (2008) 57–62.

31] C.A.M. Degenhardt, K. Pleijsier, M.J. van der Schans, J.P. Langenberg, K.E.
Preston, M.I. Solano, V.L. Maggio, J.R. Barr, Improvements of the fluoride
reactivation method for the verification of nerve agent exposure, J. Anal.
Toxicol. 28 (2004) 364–371.

32] M.J. van der Schans, M.  Polhuijs, C. van Dijk, C.E.A.M. Degenhardt, K. Pleijsier,
J.P.  Langenberg, H.P. Benschop, Retrospective detection of exposure to nerve
agents: analysis of phosphofluoridates originating from fluoride-induced
reactivation of phosphylated BuChE, Arch. Toxicol. 78 (2004) 508–524.

33] K.E. Holland, M.I. Solano, R.C. Johnson, V.L. Maggio, J.R. Barr, Modifications to
the  organophosphorus nerve agent-protein adduct refluoridation method for
retrospective analysis of nerve agent exposures, J. Anal. Toxicol. 32 (2008)
116–124.

34] J.A. van der Meer, H.C. Trap, D. Noort, M.J. van der Schans, Comprehensive gas
chromatography with time of flight MS and large-volume introduction for the
detection of fluoride-induced regenerated nerve agent in biological samples,
J.  Chromatogr. B 878 (2010) 1320–1325.

35] M.  Koller, C. Becker, H. Thiermann, F. Worek, GC-MS and LC-MS analysis of
nerve agents in body fluoids: intra-laboratory verification test using spiked
plasma and urine samples, J. Chromatogr. B 878 (2010) 1226–1233.

36] H. Kim, Y. Hong, B. Sang, V.K. Sharma, Application of SPE followed by
large-volume injection GC/MS for analysis of geosmin and
2-methylisoborneol in water, Anal. Methods 7 (2015) 6678–6685.

37] B. Wilson, P. Wylie, M.  Klee, Large Volume Injection for Gas Chromatography
Using a PTV Inlet, Application note, Agilent Technologies, Santa Clara, CA,
USA, 1997.

38] H. Nagashima, T. Kondo, T. Nagoya, T. Ikeda, N. Kurimata, S. Unoke, Y. Seto,
On-site determination of volatile chemical warfare agents using
field-portable gas chromatography-mass spectrometry instrument with
micro-trap concentration, J. Chromatogr. A 1406 (2015) 279–290.

39] Y. Ohrui, T. Nagoya, N. Kurimata, M.  Sodeyama, Y. Seto, Identification of
V-type nerve agents from vapor samples using a field-portable capillary gas
chromatography/membrane-interfaced electron ionization quadrupole mass

spectrometry instrument with Tri-Bed concentrator and fluoridating
conversion tube, J. Mass Spectrom. 52 (2017) 472–479.

40] Ministry of Economy, Trade and Industry, Countermeasure Relating to
Prohibiting Chemical Weapons, accessed July 18, 2018 http://www.meti.go.
jp/policy/chemical management/cwc/index.html.

https://doi.org/10.1016/j.chroma.2018.11.011
https://doi.org/10.1016/j.chroma.2018.11.011
https://doi.org/10.1016/j.chroma.2018.11.011
https://doi.org/10.1016/j.chroma.2018.11.011
https://doi.org/10.1016/j.chroma.2018.11.011
https://doi.org/10.1016/j.chroma.2018.11.011
https://doi.org/10.1016/j.chroma.2018.11.011
https://doi.org/10.1016/j.chroma.2018.11.011
https://doi.org/10.1016/j.chroma.2018.11.011
https://doi.org/10.1016/j.chroma.2018.11.011
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0005
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0005
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0005
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0005
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0005
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0005
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0005
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0005
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0005
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0005
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0005
https://www.opcw.org/chemical-weapons-convention/
https://www.opcw.org/chemical-weapons-convention/
https://www.opcw.org/chemical-weapons-convention/
https://www.opcw.org/chemical-weapons-convention/
https://www.opcw.org/chemical-weapons-convention/
https://www.opcw.org/chemical-weapons-convention/
https://www.opcw.org/chemical-weapons-convention/
https://www.opcw.org/chemical-weapons-convention/
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0015
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0020
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0025
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0030
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0035
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0040
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0045
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0050
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0055
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0060
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0065
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0070
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0075
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0080
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0085
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0090
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0095
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0100
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0105
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0110
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0115
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0120
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0125
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0130
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0135
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0140
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0145
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0150
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0155
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0160
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0165
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0170
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0175
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0180
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0185
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0190
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://refhub.elsevier.com/S0021-9673(18)31393-1/sbref0195
http://www.meti.go.jp/policy/chemical_management/cwc/index.html
http://www.meti.go.jp/policy/chemical_management/cwc/index.html
http://www.meti.go.jp/policy/chemical_management/cwc/index.html
http://www.meti.go.jp/policy/chemical_management/cwc/index.html
http://www.meti.go.jp/policy/chemical_management/cwc/index.html
http://www.meti.go.jp/policy/chemical_management/cwc/index.html
http://www.meti.go.jp/policy/chemical_management/cwc/index.html
http://www.meti.go.jp/policy/chemical_management/cwc/index.html
http://www.meti.go.jp/policy/chemical_management/cwc/index.html
http://www.meti.go.jp/policy/chemical_management/cwc/index.html
http://www.meti.go.jp/policy/chemical_management/cwc/index.html

	Gas chromatography-mass spectrometry with spiral large-volume injection for determination of fluoridated phosphonates prod...
	1 Introduction
	2 Materials and methods
	2.1 Reagent
	2.2 Instrumentation
	2.3 Reaction of human blood plasma with nerve agents
	2.4 Fluoride-mediated regeneration
	2.5 Safety considerations

	3 Results and discussion
	3.1 GC–MS with large-volume injection for fluoridated phosphonates in ethyl acetate solution
	3.2 GC–MS with LVI for fluoridated phosphonates in plasma extract ethyl acetate solution
	3.3 Fluoride-mediated regeneration of fluoridated phosphonates from nerve agent-inhibited human plasma

	4 Conclusion
	Appendix A Supplementary data
	References


