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We  report  here  the  fabrication  and  electrochemical  characterization  of a  three-dimensional  paper-based
analytical  device  made  from  pencil  (hard  and  soft)  and  paper  as  a low-cost,  simple,  easy-to-use  device
for  p-nitrophenol  analysis.  The  three-dimensional  device  integrates  filtration  and  was  fabricated  from
conventional  printing  paper  patterned  with  a wax printer.  A  quick  response  code  (QR)  was  added  to  the
device  to  enable  the  user  to rapidly  assess  p-nitrophenol  information.  The  counter  electrode  was  drawn
on  the  paper  while  the  working  electrode  consisted  of  a short  section  of  graphite  obtained  from  a  pencil
aper-based analytical devices
encil
-nitrophenol
lectrochemical detection
oint-of-need.

(30  × 0.3  mm).  p-Nitrophenol  was  selected  as  the  target  analyte  and  basic  parameters  such  as solution  pH,
buffer concentration,  and  pulse  amplitude  were  optimized.  Under  optimized  conditions  (0.1  M  acetate
buffer, pH  4.0),  a detection  limit  of  1.1  �M was  obtained.  The  devices  showed  high  sensitivity  and  a  linear
range  for  p-nitrophenol,  10 to 200  �M. The  devices  were  employed  to  determine  p-nitrophenol  in  water
samples  and  the  results  showed  recoveries  ranging  from  91.8  to 108.2%.

© 2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

The use of insecticides and pesticides in agricultural has
ncreased dramatically over the past several decades [1]. Many of
hese molecules are extremely toxic to humans and are associated
ith numerous health problems [1,2]. In addition, insectides can
ndergo biodegradation process to form harmful byproducts [2].
-Nitrophenol (pNP) is one example that can be found in wastewa-
er and agricultural run-off due to biodegradation of parathion and

ethyl parathion [3]. The harmful effects of pNP on humans varies
epending on exposure time and includes headaches, fever, breath-

ng trouble and even death at high levels of exposure [4]. As a result,
onitoring pNP in water is important, and many analytical tech-

iques have been described to detect this molecule [5–8]. There
s also a need for simple, disposable, point-of-need, low-cost and

ast analysis systems for toxic pollutants to provide cost effective
xposure risk assessment [9,10].

∗ Corresponding author. Tel.: +55 019 3521 3127; fax: +55 918 3521 3023.
E-mail addresses: chuck.henry@colostate.edu (C.S. Henry),

ubota@iqm.unicamp.br (L.T. Kubota).
1 Tel.: +55 19 3521 3127.
2 Tel.: +55 19 3521 3127.

ttp://dx.doi.org/10.1016/j.electacta.2014.03.109
013-4686/© 2014 Elsevier Ltd. All rights reserved.
In recent years there has been a renewed interested in dispos-
able analytical devices that are easy-to-use, low cost, and can be
used at the point-of-need [11]. The device substrate is one impor-
tant consideration for minimizing cost while achieving portability
[9,11]. Paper has been used to construct paper-based analytical
devices (�PADs) because of its broad availability, low cost, ease
modification and simple manipulation [9,11,12]. �PADs can be fab-
ricated using a variety of methods [13–16]. Among the fabrication
methods, wax-printing is the most common and has been success-
fully used to create devices with colorimetric, chemiluminescent
and electrochemical detection [13,16].

Electrochemical detection for paper-based analytical devices
(ePADs) is attractive because it uses small, inexpensive instrumen-
tation and can achieve low detection limits with high sensitivity
[17,18]. To date, many electrode materials including gold [19,20]
silver [21] and carbon [22] have been used in paper-based plat-
forms. The low cost, easy fabrication, wide potential window and
inert nature of carbon make it an attractive material for electrode
fabrication [23–26].

Graphite pencils are an attractive electrode material for paper-
based analytical devices. Pencils are cheap, available in many

different diameters and lengths, found in every part in the world
and are highly conductive [27]. The carbon content in pencils is
specified by two main grades, which can be H (less carbon) and B
(more carbon) [27]. As a consequence, B grade pencils have higher

dx.doi.org/10.1016/j.electacta.2014.03.109
http://www.sciencedirect.com/science/journal/00134686
http://www.elsevier.com/locate/electacta
http://crossmark.crossref.org/dialog/?doi=10.1016/j.electacta.2014.03.109&domain=pdf
mailto:chuck.henry@colostate.edu
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raphite to clay ratios making easier to leave a black trace on paper.
ollowing this line, Bontempelli’ group demonstrated the construc-
ion of carbon electrodes by directly drawing conductive tracks
sing a grade B pencil [28,29]. However, in order to achieve better
lectrochemical characteristics H grade pencils are the best choice
ue to lower background currents, lowest �Ep and peak-to-peak
urrent ratios close to one [30]. On the other hand, it is difficult to
abricate conductive tracks on paper using harder pencils, which
urns necessary the construction of a new layout to couple the
orking electrode while keeping the main advantages of paper-

ased devices.
Here the fabrication of a three-dimensional electrochemical

aper-based device using either graphite H or 6B is reported with
he goal of providing better electrochemical responses along with

 simple, easy-to-use and low-cost ePAD for the determination of
-nitrophenol.

. Experimental

.1. Materials and Equipment

All chemicals were of analytical grade and used as received.
onventional printing paper was acquired from a local book-
tore. Whatman #1 chromatography paper was  acquired from
erck (São Paulo, Brazil). p-Nitrophenol (pNP) was  acquired from
erck (Darmstadt, DE). Potassium ferricyanide, potassium ferro-

yanide, phenol, 4-aminophenol and 1,4 dihydroxy benzene were
cquired from Sigma-Aldrich (St. Louis, MO). Sodium hydrox-
de, disodium phosphate (Na2HPO4) and monosodium phosphate
NaH2PO4) were acquired from Synth (SP, Brazil). Potassium chlo-
ide was obtained from J. T. Baker (NJ, USA). Acetic acid was
rom TEDIA (Fairfield, USA) and sodium acetate from Merck (Rio
e Janeiro, Brazil) and were also used as received. The reagents
ere weighed on an analytical balance (Sartorius model BP 211D
oettingen, Germany) to 5 decimal places. A XEROX ColorQube
570 printer from XEROX (Campinas, Brazil) was used to print the
evices.

A hot plate from Fisatom was used to melt the wax. Pencil
raphite H (0.3 mm x 60 mm)  from Pentel and pencil graphite 6B
rom General’ were used for electrode fabrication. Araldite® epoxy
esin from Brascola (SC, Brazil) was used for sealing the pencil leads.
ouble- and single-sided tapes were purchased from a local book-

tore.
The solutions were prepared using purified water in a MilliQ

illipore system (Billerica, MA,  USA) and a Corning pH/Ion Anal-
ser model 350 (Corning, NY, USA) was used to measure the
olution pH. Working standard solutions were prepared daily
y dilution of the stock solutions with 0.1 M Acetate buffer at
H 4.0.

.2. Fabrication of the electrodes

The counter electrode was fabricated using a 6B pencil to fill
he designated area. The graphite was applied for 1.5 minutes to
rovide electrical contact. The morphology of the paper surface
efore and after drawing was imaged using a JEOL JSM-5610LV
canning electron microscope (SEM).

The fabrication procedure for the working electrode is described

elow. Briefly, pencil graphite was cut and sealed using glass capil-

ary tubes and epoxy resin. Before the electrochemical experiments,
he electrodes were polished with alumina (0.3 �m)  and washed
ith water to remove weakly adsorbed alumina particles [31].
fter fabrication, pencil graphite electrodes (PGEs) were attached

o paper using double-sided tape.
Fig. 1. Picture of the QR code with an integrated two-electrode system.

2.3. Construction of the Electrochemical Paper-based Devices
(ePADs)

For the construction of the ePADs, designs were printed on con-
ventional printing paper A4 size (210 × 297 mm)  using a solid ink
printer (ColorQube 8570). The printed paper was heated on a hot
plate at 115 ◦C for 120s. After this process, the thermally treated
paper was  allowed to cool to room temperature and the QR (Quick
response) code printed on top of the wax using the same printer. QR
codes are a two-dimensional code that hold additional information
in an easy to read format by most smartphones [32].

We  initially printed an entire sheet of paper with a selected
color. We  have selected the contrast of green to black to fabri-
cate our devices Fig. 1. The QR codes were constructed using free
software (http://www.qrstuff.com). The information to be read was
typed in the space provided for the code construction. After gener-
ation, the code has been copied and positioned on one of the device
faces. After heating, the QR code, folding line and RE/CE line were
printed on paper surface (Fig. 2, step (a)). The QR code was designed
to have 625 mm2 with a distance to the edges of 2 mm.  After that,
the face of the device containing the RE/CE line was treated in a
hot plate (Fig. 2b). Caution: The face of the QR code cannot touch
the hot plate or the information will be lost. Fold the device and use
a forcep to touch only RE/CE face. Next, the paper was  flipped and
double-sided tape was  inserted. On the other face, a pencil was  used
to make the reference electrode (Fig. 2, step(c)). Biopsy punches
of 4 and 6 mm were used to open small circles on the center of
the double-sided tape and QR code faces, respectively (Fig. 2, step
(d)). For step (e), a hydrophobic black square of 15 × 15 mm with a
hydrophilic circle (d = 5 mm)  was created using Whatman #1 chro-
matography paper and attached on the backside of the QR code
using single-sided tape, taking care to not cover the hydrophilic
circle. The pencil graphite was attached on the paper-based device
using double-sided tape, as shown in Fig. 2f. To prevent the sample
pH from affecting response, a drop of the buffer was adding during
the filtration layer preparation and allowed to dry before use.

2.4. Electrochemical Measurements and QR Code Reading

For the electrochemical measurements, the PGE was positioned

horizontally as shown in Fig. 2f. For the analysis, 100 �L of sample
or standard was added to the filtration zone created in the center of
the QR code. Alligator clamps were used to make electrical contact
to the electrodes on the ePAD.

http://www.qrstuff.com/
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ig. 2. Construction steps for the ePQR. (a) Printed QR code and alignment lines. 

3  × 29 mm).  (c) Drawn RE/CE and inserted double-sided tape. (d) The devices w
ydrophobic square (225 mm2) containing a hydrophilic circle (d = 5 mm)  on the op

The voltammetry experiments were carried out with a PGSTAT-
2 potentiostat/galvanostat from Autolab Eco Chemie (Utrecht, The
etherlands) connected to a PC (Software GPES 4.9). For the elec-

rochemical experiments, a two-electrode system was  employed
sing a single carbon counter-electrode (CE) and a PGE work-

ng electrode (WE). The differential pulse voltammograms were
btained at 50 mV  s−1 in the potential range of 0.0 to 1.2 V versus
arbon.

Tap water from three locations was collected and analyzed for
-nitrophenol. The samples were fortified with 40 �M of pNP and
nalyzed as described above. The instructions and more informa-
ion on pNP detection were accessed using an iPhone model 4S
Apple) using a QR code reader.

. Results and Discussion

.1. Device Layout

A two-electrode system was selected to facilitate the measure-
ent procedure and the coupling with the QR code because of

he fabrication and operational simplicity of this configuration. For
PAD fabrication, we used conventional printing paper because it
s readily available, lower cost than filter paper, and no flow is
equired through the device. The QR code size was 25 × 25 mm with

 2 mm quiet zone, defined as the distance between the code and the
dges (Fig. 2) to make it easier for the QR code reader [32]. A filtra-
ion spot was created in the center of the QR code and aligned with

he RE/CE system using a folding step. Double-sided tape was used
o attach the WE  to the top device layer. The horizontally attached
encil was positioned close to the reference electrode to minimize

R drop. In our case, the three-dimensional format (2D code with
at treatment of the face designed for the construction of the RE/CE system (face
unched and folded. (e) A punched single-sided tape was used to attach a black
e face of the QR code. (f) Picture of the attached WE on the device.

filtration spot + pencil graphite) is important because it makes elec-
trode (both WE  and CE/RE) and filter spot alignment easier. In this
format, the filtration process is easily performed, the analyst only
needs to add the sample and wait.

3.2. SEM images of the paper-based platform

The paper-based platform morphology was characterized
before and after graphite deposition using scanning electron
microscopy. Fig. 3(a) shows scanning electron micrographs of the
wax-patterned paper after the heat treatment. The image shows a
fibrous structure where the pores in the paper are filled by wax and
other reagents. Printing paper are typically modified with chem-
icals or additives to improve surface properties [33]. After the
electrode fabrication procedure, a significant change in the paper
morphology is observed with the paper fibers being covered with
graphite sheets (Fig. 3(b)). Fig. SD 1 shows more images at different
magnifications. The carbon film had no cracks and wrinkles demon-
strating the viability of the simple and low cost procedure to create
conductive and flexible tracks on paper-based platforms.

3.3. Electrochemical Characterization

The first experiments were conducted using two and three elec-
trode systems in order to compare the response of the graphite
CE/RE with a traditional reference electrode. From Fig. 4a it can be
observed that regardless of whether the experiments are on paper

or in a conventional electrochemical cell, the current response is
essentially the same as confirmed by running a statistical test (t-
student) using anodic peak currents from the voltammograms.
A negative peak shift of 203 mV  was  observed, as expected,
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Fig. 3. Scanning electron micrographs of the paper before (a) and after (b) the pencil
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rawing procedure.

hifting the formal potential (Epa + Epc/2) to 0 V versus C. The rea-
on for the cathodic shift is expected because the reference and
orking electrodes are made from the same material and dipped

n the same solution [34]. The PGE gives a normalized peak-to-
eak current ratio of ∼1.0 and peak-to-peak separation (�Ep)
f 96 mV.  The separation of anodic and cathodic peaks is higher
han expected for ideal reversible electrochemical processes (�Ep

 60 mV  for one electron) [35], but is lower than reported for
ome screen-printed electrodes [36]. These results demonstrate
he viability of the approach for making accurate and sensitive

easurements.
The electrochemical oxidation of 200 �M pNP at the ePAD is

hown in Fig. 4b. The cyclic voltammogram for the first cycle shows
 well-defined oxidation peak at 0.9 V vs. carbon in the forward scan
nd no peak in the reverse scan. As the electrode is cycled, the peak
urrent associated at the oxidation process decreases and the peak
otential shifts toward more positive potentials. This result sug-
ests that the products of the electrochemical reaction of pNP are
dsorbing on the PGE surface, as previously described [37]. As a
esult of this electrode fouling, first run results are reported for
ll subsequent experiments. The influence of the scan rate was
lso studied. Fig. 4c shows the cyclic voltammograms for scan

−1
ates of 10–50 mV  s . As can be observed, the current associated
ith the electrochemical oxidation process increases as the scan

ate increases as expected. The anodic peak currents were plotted
gainst square root of the scan rate and a linear correlation was
a Acta 130 (2014) 771–777

found (Fig. 4d), indicating that the electroactive species reaches
the electrode by diffusion [35]. Also, the anodic peak potential does
not shift toward more positive potentials indicating facile electrode
kinetics.

Since the ePAD code is disposable, one of the main concerns
is that the approach should have low relative standard devia-
tions. We  prepared and tested 8 devices and found a relative
standard deviation of 6.3% by measuring pNP levels of 200 �M.
The deviation is acceptable considering the construction process is
manual.

3.4. Effect of pH and Supporting Electrolyte Concentration

The effect of solution pH from 2.5 to 8.0 on the ePAD response
was evaluated by measuring the peak current in the cyclic voltam-
mograms. As can be observed in Fig. 5a, the electrochemical
response for pNP oxidation decreased as the solution pH increased.
Graphite pencils are usually fabricated using kaolinite, solvents and
graphite powder [38]. Kaolinite is a clay mineral which has nega-
tive charges in its structure and may  be repelling negative charged
molecules like pNP on higher pH values. Thus, the higher electro-
chemical responses were found when pNP solution was  prepared
in the pH range of 2.5 - 4.5 (pKa = 7.16) [39].

The impact of buffer concentration was  evaluated next. Typ-
ically, conventional electrochemical experiments are done using
electrolyte concentrations at least 100 times higher than the ana-
lyte [40]. Fig. 5b shows the influence of the supporting electrolyte
concentration on the response of the device. As can be observed,
the response reaches a plateau at 25 mM  and remains constant for
higher concentrations. Basically, the small size of the PGE mini-
mizes ohmic drop effects (IR drop) making it possible to obtain
voltammograms even at low supporting electrolyte concentrations.
In the absence of supporting electrolyte, the ePAD still gives > 80%
of the maximum response, however, the anodic peak shifts toward
more positive potentials (SD 2).

3.5. Differential Pulse Voltammetry (DPV)

Differential pulse voltammetry was selected for the analyti-
cal application of the ePAD to water samples. DPV  is among the
most sensitive electrochemical techniques. In order to improve the
detection limit of pNP, the impact of pulse amplitude was  first opti-
mized. Amplitudes from 10 to 200 mV were investigated (SD 3).
The anodic peak current increased from 10 to 125 mV and then
remained constant until 200 mV.  Thus, 125 mV was  selected for the
remaining experiments.

The analytical curve for pNP determination was  constructed
using the ePAD using the conditions of higher response obtained
so far. Fig. 6a shows the DPVs obtained for different pNP concen-
trations. The peak potential variation observed in Fig. 6a can be
attributed to the triboelectric effect, which is a type of contact elec-
trification, due to mechanical drawing process [41]. The analytical
curve was linear from 10 to 200 �M (Fig. 6b) and can be described
by the following equation:

Ipa(nA) = 30.2(±3.6) + 7.6(±0.1) [p-nitrophenol](�M) (1)with a
correlation coefficient of 0.998. The limit of detection (LOD) was
found to be 1.1 �M and calculated as being the concentration which
produced a signal-to-noise (S/N) ratio of 3.

The maximum concentration of pNP to protect freshwater and
saltwater aquatic life should not exceed 4.0 �M and 0.86 �M [42],
respectively. The United States Environmental Protection Agency

(EPA) has set the concentration of this class of compound at 72 �M
to protect human health [43]. The ePAD has a LOD  lower than the
values above reported, except for the analysis of saltwater aquatic
life samples where it is higher but still comparable.
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.6. Filtration System for ePADs

Water samples may  present dispersed solid particles, one of the
rst steps adopted in laboratories of analysis is the filtration. To
ombine the filtration system with the QR code a piece of chro-
atographic paper was incorporated to the device. The size of the

ircle in the QR code is the only factor that can hinder the decod-
fication process. We  have observed that for circles up to 6 mm in
iameter there is no reading complication. Thus, the contribution of
he hydrophilic circle diameter on the collected volume was  stud-
ed. Fig. 6c shows a graph of the collected volume (back face) versus
ltration time. The procedure adopted to measure the volume in the
ack face is described in SD 4. As can be observed, the collected vol-
me  increases as function of time for a fixed diameter. To obtain fast
esponse devices, the filtration time can also be reduced by increas-
ng the diameter of the filtration spot. Here, a filtration zone of 5 mm
nd 40 s for the filtration time (volume ∼ 25 �L) were selected for
urther experiments. One point that should be highlighted is the
ample volume that is applied on the spot for filtration. The vol-
me  of the sample is not need to have a strict control, being one
rop enough.

.7. Study of interferences

For studying potential interferences, compounds with a simi-

ar chemical structure and same functional group were selected.
hus, VPDs were obtained in the presence of 4-aminophenol, 1,4
ihydroxy benzene and phenol using the optimized conditions. No

nterference in the peak current for pNP was observed when all
ompounds ([interferents and pNP] = 50 �M)  were tested in 0.1 M
cetate buffer at pH 4.0 (Fig. SD 5).
3.8. Water Sample Analysis
[Ace tate bu ffer]  / M

Fig. 5. (a) Graph of anodic peak current versus solution pH for 0.1 M buffers.
(b)  Anodic peak current vs. acetate buffer concentration. Conditions: The voltam-
mograms were obtained in the presence of 200 �M pNP at 30 mV s−1. The error bars
indicate the standard deviation of three devices.
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Fig. 6. (a) Differential pulse voltammograms (DPVs) obtained for different concentration
Analytical curve. (c) Graph of the collected volume vs. filtration time for different diamete
the  standard deviation of three devices.

Table 1
Results obtained for the determination of pNP in water samples.

Water samples [pNP] found/�M Recuperation/%

1* 41.3 (± 1.5) 98.9–106.2
2*  41.5 (± 2.8) 95.5–108.2

*
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3*  38.7 (± 2.5) 91.8–103.8

 The samples were spiked with 40.0 �M pNP.

ode to help the analyst perform the analysis, including type of pen-
il, sample volume, filtration time, analytical curve, concentration
evels defined by EPA and more (Fig. 6d). The concentration of pNP
n the samples can be obtained in less than 3 minutes using the
roposed device combined with the QR code reader of the iPhone.
he results of the water sample analysis can be viewed in Table 1.
he recovery levels of the three spiked samples varied from 91.8
o 108.2%, indicating that there is no matrix effect observed in the
esults. It is important to stress that the level of pNP present in the
ample was not detected by the device, giving the same signal of
he blank.

. Conclusions

The construction, characterization and application of a three-
imensional electrochemical paper-based analytical device for
-nitrophenol determination in water samples was reported. We
emonstrated that low-cost conventional printing paper is an
lternative platform for the fabrication of reference and counter

lectrodes using a drawing process. The carbon tracks formed by
oft pencil were characterized by SEM and were free of cracks and
rinkles. The device was characterized by cyclic voltammetry and

howed �Ep of 96 mV,  Ipa/Ipc ∼1.0 and reversible electrochemical
s of pNP in 0.1 M acetate buffer solution pH 4.0 and pulse amplitude of 125 mV. (b)
rs. (d) Scanned information on the screen of the cell phone. The error bars indicate

responses for the redox probe studied here (Fe(CN)6
4−/3−). For

the analytical application, p-nitrophenol was selected as a target
molecule and the ePAD gave a detection limit of 1.1 �M for this
compound. The proposed 3D layout allows a pump-free filtration,
electrochemical detection and proper analysis and interpretation
of the result in less than 3 minutes. We  believe that 3D layouts
for electrochemical paper-based analytical devices will be used in
many analytical applications since the folding step is very simple
and open many possibilities that may  be explored with different
detection methods.
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40] F. Bănică, Chemical sensors and biosensors: fundamentals and applications, J.
Wiley & Sons, West Sussex, 2012.
41] J. Zhong, Q. Zhong, F. Fan, Y. Zhang, Y. Zhang, S. Wang, B. Hu, Z.L. Wang, J. Zhou,
Finger typing driven triboelectric nanogenerator and its use for instantaneously
lighting up LEDs, Nano Energy 2 (2013) 491.

42] http://nepis.epa.gov/(accessed in 12.14.2013).
43] http://water.epa.gov/(accessed in 12.14.2013).

http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0010
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0010
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0010
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0010
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0010
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0010
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0010
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0010
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0010
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0010
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0010
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0015
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0015
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0015
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0015
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0015
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0015
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0015
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0015
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0015
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0015
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0015
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0015
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0020
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0025
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0030
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0035
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0040
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0045
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0050
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0055
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0060
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0065
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0070
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0075
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0080
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0085
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0090
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0095
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0100
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0105
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0110
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0115
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0120
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0125
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0130
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0135
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0135
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0135
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0135
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0135
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0135
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0135
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0135
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0135
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0135
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0135
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0135
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0140
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0145
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0150
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0155
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0160
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0165
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0170
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0175
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0180
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0185
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0190
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0195
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0200
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205
http://refhub.elsevier.com/S0013-4686(14)00622-7/sbref0205

	Low cost, simple three dimensional electrochemical paper-based analytical device for determination of p-nitrophenol
	1 Introduction
	2 Experimental
	2.1 Materials and Equipment
	2.2 Fabrication of the electrodes
	2.3 Construction of the Electrochemical Paper-based Devices (ePADs)
	2.4 Electrochemical Measurements and QR Code Reading

	3 Results and Discussion
	3.1 Device Layout
	3.2 SEM images of the paper-based platform
	3.3 Electrochemical Characterization
	3.4 Effect of pH and Supporting Electrolyte Concentration
	3.5 Differential Pulse Voltammetry (DPV)
	3.6 Filtration System for ePADs
	3.7 Study of interferences
	3.8 Water Sample Analysis

	4 Conclusions
	Acknowledgements
	Appendix A Supplementary data
	Appendix A Supplementary data




