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Alterations  in saccharides  during  heat  sterilisation  of  pine  wood  (Pinus  sylvestris  L.)  were investigated.
The  mass  loss,  extractives,  lignin,  cellulose,  holocellulose  and  hemicelluloses  were determined.  Changes
in  saccharides  were  evaluated  by the  determination  of monosaccharides  in wood,  size exclusion  chro-
matography  (SEC)  as  well  as Fourier  transform  infrared  (FTIR)  spectroscopy.  During  heat  sterilisation  of
pine wood  the  slight  mass  loss,  an  increase  in  extractives  and  a decrease  in  lignin  and  polysaccharides
were observed.  Hemicelluloses  are  degraded  approximately  twice  as  fast  as  cellulose.  The  degree  of  poly-
ine wood
hermal modification
ellulose
emicelluloses
TIR spectroscopy
ize exclusion chromatography

merisation  of cellulose  decreases  approximately  by 10%  and  it increases  in holocellulose  (by  approx.  8%)
as  a result  of a faster  degradation  of  shorter  hemicellulose  chains.  FTIR  spectroscopy  shows  that  sterili-
sation  results  in the  deacetylation  of cellulose  and  the  formation  of new  carbonyl  groups,  an  increase  in
the  total  crystallinity  index  (TCI)  and  a decrease  in the  lateral  order  index  (LOI)  and  the  hydrogen-bond
intensity  (HBI).

© 2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

Wood as a natural biodegradable material is permanently
xposed to degradation processes of the environmental, chemical
nd microbial character. Particularly due to the biological degrada-
ion (wood-destroying fungi and insects) significant changes in its
hysical, mechanical and chemical properties occur. The range of
amage depends on the environment in which the material is situ-
ted and on processes it is exposed to. A long-term action especially
f biotic factors can finally result in the loss of function of wood
s a structural element or the whole structure. Wood-destroying
nsects are considered the worst form of degradation of wooden
arts of a building. The formation of larval frass often results in the

oss of structural integrity of the infested wood and financial losses

ue to the need for treatment and/or replacement of the dam-
ged wood (Heijari et al., 2008; Popescu, Tibirna, & Vasile, 2009;
okoyama et al., 2009).

∗ Corresponding author. Tel.: +421 45 5206 524; fax: +421 45 5321 811.
E-mail address: kacik@tuzvo.sk (F. Kačík).

ttp://dx.doi.org/10.1016/j.carbpol.2014.10.065
144-8617/© 2014 Elsevier Ltd. All rights reserved.
For the purpose of lengthening the durability of wooden parts of
new constructions as well as historical buildings, various methods
for their protection are searched for, e.g. traps of wood-destroying
insects (Reddy, 2007; Reddy, Fettkother, Noldt, & Dettner, 2005),
chemical treatments of wood with insecticides (Hagler & Blackmer,
2007; Hertel, 1997) and/or thermal modification of wood at the
temperature of 160–260 ◦C improving its dimensional stability and
biological resistance (Esteves, Domingos, & Pereira, 2008; Esteves &
Pereira, 2009). A more moderate form of thermal wood protection
is also its heat sterilisation. It is a practical and environmentally
friendly treatment to kill pests in solid wood materials and pre-
vent the transfer of pests between regions, states and continents.
Current regulations for heat sterilisation of solid wood packaging
materials require a minimal core temperature of 56 ◦C for 30 min,
and of the firewood at least 71 ◦C for a minimum of 75 min  (Wang,
2010; Wang, Bergman & Mace, 2010). At the thermal protection
of wood in building structures against pests, wood is treated with

air heated to the temperature of 120 ◦C where the temperature of
55–60 ◦C must be achieved in the cross-section of the wood for
the period of 1 h. It is sufficient for the coagulation of proteins
and killing the wood-destroying insects and at the same time the

dx.doi.org/10.1016/j.carbpol.2014.10.065
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2014.10.065&domain=pdf
mailto:kacik@tuzvo.sk
dx.doi.org/10.1016/j.carbpol.2014.10.065
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82 F. Kačík et al. / Carbohydra

uantity of terpenes found in wood, which is then less attractive
o insects, is reduced (Kacik et al., 2012; Kacik, Smira, Kacikova,
einprecht, & Nasswettrova, 2014).

A disadvantage of thermally treated wood is the deterioration of
ts mechanical properties, due to which the use of wood modified in
his way in some applications, in particular as a structural material,
s limited. The decrease of strength properties is closely related to
he chemical changes of main wood components (Boonstra, Van
cker, Tjeerdsma, & Kegel, 2007).

Most information about changes in mechanical, physical and
hemical properties at temperatures used in the process of wood
odification (160–260 ◦C) are available and data for lower temper-

tures are rare. The aim of our research was therefore to determine
lterations in chemical and physical properties of pine wood caused
y temperatures which are used at thermal protection of wooden
tructures.

. Material and methods

.1. Sample characteristics and treatment

Scots pine (Pinus sylvestris L.) wood at the age of
00 years was used. Three boards, 1000 × 180 × 25 mm
length × width × thickness), were conditioned at a tempera-
ure of 20 ± 2 ◦C and 65 ± 5% relative humidity to the moisture
ontent of about 12%. Each of the boards was divided into three
dentical parts, where one of them was the reference sample,
nd the other ones were thermally treated. Heat treatment was
pplied to the experimental samples in a laboratory type heating
ven Memmert UNB 200 controlled at an accuracy of ±1 ◦C under
tmospheric pressure at the temperature of 60 ◦C and 120 ◦C. Once
he target temperature had been reached, the temperature was
eld constant for 10 h. The mass loss (ML) was determined after
ooling down the board in the dry environment.

.2. Chemical analyses

Reference (untreated, denoted as 20 ◦C) and thermally modi-
ed samples were mechanically disintegrated to sawdust, and the

raction of the size 0.5–1.0 mm was extracted in the Soxhlet appa-
atus with a mixture of ethanol and toluene according to the ASTM
tandard Test Method for Ethanol – Toluene Solubility of Wood
1107-96. Lignin content was determined according to the ASTM
tandard Test Method for Acid-Insoluble Lignin in Wood D1106-96.
olocellulose was  determined using the method of Wise, Murphy,
nd D’Addieco (1946), and cellulose by the Seifert method (Seifert,
956). Hemicelluloses were calculated as a difference between
olocellulose and cellulose. All measurements were performed on

our replicates per sample. Data were presented as percentages of
ven-dry weight per unextracted wood.

.3. Size exclusion chromatography (SEC)

Samples of cellulose and holocellulose were derivatized using
henyl isocyanate to obtain tricarbanilates which were dissolved

n tetrahydrofuran prior to size exclusion chromatography (SEC)
nalysis. The derivatives were prepared according to procedure
escribed previously (Kacik, Kacikova, Jablonsky, & Katuscak,
009). SEC analyses were performed at 35 ◦C with tetrahydrofuran

t a flow rate of 1 ml  min−1 on a two PLgel, 10 �m,  7.5 × 300 mm,
IXED B columns preceded by a PLgel, 10 �m,  7.5 × 50 mm,  GUARD

olumn. Two tricarbanilate derivatives were prepared for each
ample and each derivative was analysed twice.
mers 117 (2015) 681–686

2.4. Fourier transform infrared (FTIR) spectroscopy

FTIR spectra of the wood surface were recorded on Nicolet
iS10 FT-IR spectrometer equipped with Smart iTR using atten-
uated total reflectance (ATR) sampling accessory attached ZnSe
crystal (Thermo Fisher Scientific). The spectra were registered at an
absorbance mode (A) from 4000 to 400 cm−1 at a spectral resolution
of 4 cm−1, and 64 scans were used. Measurements were performed
on four replicates per sample. Crystallinity of cellulose indexes
were calculated according to O’Connor, DuPré, and Mitcham (1958)
for lateral order index (LOI, A1422/A896), (Nelson & O’Connor, 1964)
for total crystallinity index (TCI, A1369/A2918) and (Nada & Hassan,
2000) for hydrogen bond intensity (HBI, A3336/A1336).

2.5. Statistical analysis

For all parameters, multiple comparisons were first subjected
to an analysis of variance (ANOVA) and significant differences
between average values of control and treated samples were deter-
mined using Duncan’s multiple range test at a P-value of 0.05.

3. Results and discussion

3.1. Chemical changes

The mass loss (ML) of wood during its thermal treatment is one
of the most important characteristics and it is commonly used for
expressing a change in the quality of treated wood. ML  depends
on wood species, environment, temperature and time of heat-
ing. The published data for pine wood were found in the range
from 0.4% (2 h, 190 ◦C) to 7.3% (12 h, 210 ◦C) (Esteves, Marques,
Domingos, & Pereira, 2007), ML  rapidly increased at higher tem-
peratures (260 ◦C) and it reached the value of 18.5% after 15 min
and 30% after an hour of heating (Bourgois & Guyonnet, 1988). A
correlation between temperature and ML  was  determined at the
temperature range of 20–237 ◦C during the thermal treatment of
spruce wood (Kacikova, Kacik, Cabalova, & Durkovic, 2013) accord-
ing to which the calculated mass losses at the temperatures of 60
and 120 ◦C are 0.17% and 0.52%. Slightly higher values measured
in this work (0.21% and 0.64%) can be caused by a higher ratio
of extractive substances in pine wood (5.80%) compared to spruce
wood (2.17%) (Table 1).

During thermal treatment the amount of extractives increases
significantly (Table 1). The increase in extractives at higher tem-
peratures was found out in various types of hardwood as well as
softwood species (Esteves, Graca, & Pereira, 2008; Esteves, Videira,
& Pereira, 2011; Nuopponen, Vuorinen, Jamsa, & Viitaniemi, 2003;
Peters, Fisher, & Fischer, 2008). The composition of extractives
changes at higher temperatures – some disappear and new ones are
formed. These changes can influence some properties of thermally
modified wood, e.g. wettability (Esteves, Domingos, & Pereira,
2008; Manninen, Pasanen, & Holopainen, 2002; Nuopponen et al.,
2003).

Hemicelluloses are changing at thermal treatment as the first
ones of the main wood components, and at relatively low tem-
peratures. Their degradation starts with deacetylation and the
formed acetic acid acts as a catalyst of depolymerisation reac-
tions and further accelerates the degradation of polysaccharides.
Acid-catalysed reactions result in the formation of formaldehyde,
2-furaldehyde and other aldehydes (Nuopponen, Vuorinen, Jamsa,
& Viitaniemi, 2004; Rowell, 2012; Sivonen, Maunu, Sundholm,

Jamsa, & Viitaniemi, 2002; Tjeerdsma, Boonstra, Pizzi, Tekely, &
Militz, 1998). The significant decrease of holocellulose and hemi-
cellulose yields (Table 1) is in agreement with results of other
authors who  discovered at thermal treatment on various wooden
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Table  1
Mass loss and yields of extractives and main wood components of heat-treated pine wood. Data represent mean percentages of oven dry weight ± standard deviations.

Temperature (◦C) Mass loss (%) Extractives (%) Lignin (%) Holocellulose (%) Cellulose (%) Hemicelluloses (%)

20 0.00 ± 0.00 5.80 ± 0.08 24.34 ± 0.04 74.66 ± 0.09 44.15 ± 0.11 30.51 ± 0.19
60  0.21 ± 0.01 7.94 ± 0.09 23.81 ± 0.07 72.48 ± 0.13 43.53 ± 0.16 28.96 ± 0.28

120  0.64 ± 0.02 12.47 ± 0.10 22.92 ± 0.05 66.56 ± 0.14 40.94 ± 0.25 25.62 ± 0.36

Table 2
Relative amounts and yield of monosaccharides in the samples of pine wood (%). Data represent means ± standard deviations.

Temperature (◦C) GLC XYL GAL ARA MAN Yield

20 68.09 ± 0.17 6.74 ± 0.12 1.87 ± 0.24 5.11 ± 0.43 18.18 ± 0.34 71.45 ± 0.61
60  69.37 ± 0.52 6.18 ± 0.11 1.85 ± 0.14 4.86 ± 0.38 17.74 ± 0.13 68.63 ± 0.58
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valence bonds. This hydrogen-bonding network plays a signifi-
120  71.21 ± 0.09 5.06 ± 0.16 

ote: GLC = D-glucose, XYL = d-xylose, GAL = d-galactose, ARA = l-arabinose, MAN  = d

pecies that hemicelluloses are degraded more easily than cellulose
nd xylans were degraded from hemicelluloses in the most easiest
ay (Alen, Kotilainen, & Zaman, 2002; Esteves, Graca, & Pereira,

008; Zaman, Alen, & Kotilainen, 2000). Unlike reported results,
e observed changes in saccharides even at lower temperatures

60 and 120 ◦C) (Table 1).
During thermal treatment the relative quantity of glucose in

ine wood increases, while quantities of non-glucose saccharides
ecrease due to the faster degradation of hemicelluloses com-
ared to cellulose; the changes are significant (Table 2). Pentosans
re degraded faster than hexosans and xylans degrades in the
asted way at both applied temperatures, which is consistent
ith the findings for thermally modified pine and spruce wood

Gonzalez-Pena, Curling, & Hale, 2009). However, there is a signif-
cant decrease in the yields of saccharides, which is in agreement

ith results of cellulose and hemicelluloses determination which
re given in Table 1.

.2. Degree of polymerisation (DP) and molecular weight
istribution (MWD)

Cellulose is more resistant to thermal action compared to hemi-
elluloses (the decrease in the yield of cellulose was 7.27% and
emicelluloses 16.03% of the original values), as reported in the

iterature (Bourgois, Bartholin, & Guyonnet, 1989; Yildiz, Gezer, &
ildiz, 2006). A significant decrease in the degree of polymerisation
DP) occurs at the temperature of 60 ◦C and increasing the tem-

erature to 120 ◦C does not cause any significant decrease of DP
Table 3). The molecular weight distribution (MWD)  curves (Fig. 1)
hows that the decrease in DP at 60 ◦C is caused by the split of
igh-molecular-weight fractions of cellulose. Fractions with the

ig. 1. Molecular weight distribution of cellulose before and after thermal treatment
f  pine wood.
 ± 0.04 4.75 ± 0.14 17.64 ± 0.22 63.33 ± 0.80

nose.

medium molecular weight are split up at the temperature of 120 ◦C,
forming shorter chains results an increase of polydispersity (PD),
but not in a significant decrease in DP. The cellulose degradation
does not only depend on temperature, but also on the duration
of treatment. Fengel (1966) determined in cellulose isolated from
thermally treated spruce wood that during 24-h lasting heating at
the temperature of 120 ◦C the degree of polymerisation was  rela-
tively constant (DP ∼700) and it sharply dropped (DP ∼300) when
the temperature was  increased to 200 ◦C. After 90-min thermal
treatment of spruce wood, the cellulose DP  is constant up to the
temperature of approx. 160 ◦C and it rapidly decreases when the
temperature is increased above 220 ◦C (Kacikova et al., 2013).

In holocellulose samples, a significant change in DP does not
occur at 60 ◦C, which can be explained by the simultaneous splitting
of longer chains of cellulose and shorter chains of hemicellu-
loses which mutually compensate. Apart from cellulose, where
DP decreases at the temperature of 120 ◦C, DP in holocellulose
increases due to the faster splitting of hemicelluloses with the
molecular weight of approx. 15,500 and the quantity of cellulose
chains with higher molecular weights increases approx. within the
range of 250,000–1,100,000 (Fig. 2, Table 4).

3.3. Fourier transform infrared (FTIR) spectroscopy

In the cellulose chain there are three hydroxyl groups avail-
able for interaction with other hydroxyl groups, forming secondary
cant role with respect to crystallinity and chain structure (Siroky,
Blackburn, Bechtold, Taylor, & White, 2010). Considering the chain
mobility and bond distance, the hydrogen bond intensity (HBI) of

Fig. 2. Molecular weight distribution of holocellulose before and after thermal treat-
ment of pine wood.



684 F. Kačík et al. / Carbohydrate Polymers 117 (2015) 681–686

Table  3
Results of macromolecular characteristics of cellulose from heat-treated pine wood. Data represent means ± standard deviations.

Temperature (◦C) Mn Mw Mz PD DP

20 15,474 ± 647 217,496 ± 5252 643,727 ± 19316 14.08 ± 0.82 1343 ± 32
60  13,804 ± 315 198,223 ± 4126 613,306 ± 4798 14.36 ± 0.05 1224 ± 25

120  11,694 ± 112 196,443 ± 1897 606,702 ± 6268 16.80 ± 0.31 1213 ± 12

Note: Mn = number average molecular weight (MW),  Mw = weight average MW,  Mz = z average MW,  PD (polydispersity) = Mw/Mn), DPw = Mw/162.

Table  4
Results of macromolecular characteristics of holocellulose from heat-treated pine wood. Data represent means ± standard deviations.

Temperature (◦C) Mn Mw Mz PD DP

20 8537 ± 230 154,551 ± 1013 637,827 ± 3018 18.11 ± 0.38 954 ± 6
60  8343 ± 389 154,214 ± 3911 640,130 ± 6839 18.50 ± 0.41 952 ± 24

94 653,212 ± 4944 22.14 ± 1.80 1033 ± 10

N  z average MW,  PD (polydispersity) = Mw/Mn), DPw = Mw/162.
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Table 5
FT-IR absorbances of cellulose samples isolated from pine wood.

Wavenumber (cm−1) Temperature (◦C)

20 60 120

3336 0.0412 0.0382 0.0374
2895 0.0124 0.0112 0.0093
1728 0.0042 0.0037 0.0028
1644 0.0036 0.0031 0.0028
1456 0.0101 0.0089 0.0082
1429 0.0143 0.0136 0.0132
1368 0.0191 0.0186 0.0182
1334 0.0190 0.0182 0.0179
1316 0.0227 0.0219 0.0214
1280 0.0103 0.0099 0.0099
1260 0.0103 0.0098 0.0091
1247 0.0101 0.0096 0.0091
1202 0.0054 0.0520 0.0520
1160 0.0300 0.0320 0.0290
1103 0.0610 0.0620 0.0600
1053 0.1055 0.1065 0.1061

897  0.0166 0.0171 0.0172
810  0.0018 0.0015 0.0015

Table 6
FT-IR crystallinity ratio and hydrogen bond intensity for the cellulose samples.

Temperature (◦C) A1368/A2898
(TCI)

A1429/A897
(LOI)

A3336/A1336
(HBI)

20 1.5403 0.8614 1.8150
120  7603 ± 690 167,379 ± 15

ote: Mn = number average molecular weight (MW),  Mw = weight average MW,  Mz =

ellulose is closely related to the crystal system and the degree
f intermolecular regularity, that is, crystallinity, as well as the
mount of bound water (Oh, Yoo, Shin, & Seo, 2005).

During thermal treatment of pine wood the signal intensity
lightly decreases approximately at 3400 cm−1 (OH-stretching, or
ntra-molecular hydrogen bonds in cellulose) as well as at the
and around the wavenumber of 2900 cm−1 (C H bonds in cel-

ulose) (Rosa, Rehman, de Miranda, Nachtigall, & Bica, 2012). The
ecrease in band intensity at 1728 cm−1 is caused by deacetylation
f hemicelluloses and simultaneously intensity at 1719 cm−1 slight
ncrease, which suggests the formation of new carbonyl groups.
imilar effect was observed at the thermal treatment of spruce
nd pine wood (Kotilainen, Toivanen, & Alen, 2000), beech and
ine wood (Tjeerdsma & Militz, 2005) and beech and ash wood
Windeisen, Baechle, Zimmer, & Wegener, 2009). Splitting-off of
cetyl groups reduces the band intensity at 1245 cm−1, which was
lso observed by Windeisen et al. (2009); Windeisen, Strobel, and
egener (2007) during the thermal treatment of ash and beech
ood. The decrease in intensity at 1644 cm−1 is caused by the
ecrease in quantity of adsorbed water due to heating of pine
ood, which is in agreement with results obtained from thermal
odification of spruce wood (Chung, Lee, & Choe, 2004; Yildiz &
umuskaya, 2007). Bands at wavenumbers of 1160 and 1103 cm−1

antisymmetric bridge oxygen stretching or C O and C C stretch-
ng and CH2 rocking) (Baeza & Freer, 2001) as well as at 1053 cm−1

asymmetric in-plane ring stretching) (Chung et al., 2004; Yildiz
 Gumuskaya, 2007) increase at the temperature of 60 ◦C and
ecrease at the temperature of 120 ◦C (Table 5).

Our results show that the value of total crystallinity index (TCI)
ncreases during thermal modification of pine wood due to the
aster degradation of the amorphous fraction of cellulose, as con-
rmed in more studies (Chung et al., 2004; Yildiz & Gumuskaya,
007). However, cellulose crystallinity increased with thermal
odification due to degradation of its amorphous part and it is

elated not only to temperature but also time of thermal treat-
ent (Wikberg & Maunu, 2004), e.g. Bhuiyan, Hirai, and Sobue

2000) found out that the degree of crystallinity of spruce wood
ncreased during the initial stage of heat treatment and decreased at
he advanced stages. The cellulose lateral order intensity (LOI) and
ydrogen bond intensity (HBI) in our experiments slightly decrease
uring heating (Table 6).

It is known, that the crystallinity of cellulose influences the ther-
al  stability of wood. It can therefore be presumed that cellulose
ith higher values of TCI, LOI and HBI will have a higher thermal sta-

ility (Poletto, Pistor, Zeni, & Zattera, 2011; Poletto, Zattera, Forte,

 Santana, 2012). On the other hand, some authors found out that

he thermal stability of cellulose depends especially on the crys-
allinity index, the size of crystals and the degree of polymerisation
Kim, Eom, & Wada, 2010; Newman, 1999; Poletto, Pistor, Zeni, &
60  1.6607 0.7953 1.7443
120  1.9570 0.7674 1.7477

Zattera, 2011). Poletto, Zattera, et al., 2012 and Poletto, Zattera, &
Santana, 2012) have recently shown that higher extractive contents
in the wood accelerate the degradation process and promote an
increase in the conversion values at low temperatures and cellulose
crystallinity inhibits wood degradation. The increase in cellulose
crystallinity influences physical properties, e.g. wettability which
reduces during thermal modification of wood because the quan-
tity of hydroxyl groups accessible for water adsorption is reduced
(Boonstra & Tjeerdsma, 2006; Wikberg & Maunu, 2004). This phe-
nomenon is also supported by faster degradation of hemicelluloses.
From our results an increase of thermal stability of cellulose in the
treated pine can be predicted.

4. Conclusions
From experimental results obtained at heat sterilisation of pine
wood can be concluded that a slight mass loss, an increase in
extractive substances and a decrease in contents of main wood
components – lignin and polysaccharides – take place. Changes
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n saccharides occurred at relatively low temperatures (60 and
20 ◦C). Hemicelluloses are degraded approximately twice as
aster as cellulose. The degree of polymerisation (DP) of cellulose
ecreases approximately by 10% and it increases in holocellu-

ose (by approximately 8%) as a result of a faster degradation of
horter hemicellulose chains. FTIR shows that modification results
n the deacetylation of cellulose and the formation of new car-
onyl groups, an increase of the total crystallinity index (TCI) and

 decrease in the lateral order index (LOI) and the hydrogen-bond
ntensity (HBI). These changes can result in increased resistance
o pests and to improve the dimensional and thermal stability of
ood. A slight deterioration of mechanical properties is not an

bstacle to the use of thermally modified wood for structural pur-
oses.

cknowledgement

This work was supported by the Slovak Research and Develop-
ent Agency under the contract No. APVV-0057-12.

eferences

len, R., Kotilainen, R., & Zaman, A. (2002). Thermochemical behavior of Norway
spruce (Picea abies) at 180-225 (C. Wood Science and Technology, 36(2), 163–171.

aeza, J., & Freer, J. (2001). Chemical characterization of wood and its components.
Wood and Cellulosic Chemistry, Second Edition, 275–384.

huiyan, M.  T. R., Hirai, N., & Sobue, N. (2000). Changes of crystallinity in wood
cellulose by heat treatment under dried and moist conditions. Journal of Wood
Science,  46(6), 431–436.

oonstra, M.  J., & Tjeerdsma, B. (2006). Chemical analysis of heat treated softwoods.
Holz Als Roh-Und Werkstoff, 64(3), 204–211.

oonstra, M. J., Van Acker, J., Tjeerdsma, B. F., & Kegel, E. V. (2007). Strength properties
of thermally modified softwoods and its relation to polymeric structural wood
constituents. Annals of Forest Science, 64(7), 679–690.

ourgois, J., & Guyonnet, R. (1988). Characterization and analysis of torrefied wood.
Wood Science and Technology, 22(2), 143–155.

ourgois, J., Bartholin, M.  C., & Guyonnet, R. (1989). Thermal-treatment of wood –
analysis of the obtained product. Wood Science and Technology, 23(4), 303–310.

hung, C., Lee, M.,  & Choe, E. K. (2004). Characterization of cotton fabric scouring by
FT-IR ATR spectroscopy. Carbohydrate Polymers, 58(4), 417–420.

steves, B. M.,  & Pereira, H. M.  (2009). Wood modification by heat treatment: A
review. Bioresources, 4(1), 370–404.

steves, B., Marques, A. V., Domingos, I., & Pereira, H. (2007). Influence of steam heat-
ing on the properties of pine (Pinus pinaster) and eucalypt (Eucalyptus globulus)
wood. Wood Science and Technology, 41(3), 193–207.

steves, B., Graca, J., & Pereira, H. (2008). Extractive composition and summative
chemical analysis of thermally treated eucalypt wood. Holzforschung,  62(3),
344–351.

steves, B. M., Domingos, I. J., & Pereira, H. M.  (2008). Pine wood modification by
heat  treatment in air. Bioresources, 3(1), 142–154.

steves, B., Videira, R., & Pereira, H. (2011). Chemistry and ecotoxicity of heat-treated
pine wood extractives. Wood Science and Technology, 45(4), 661–676.

engel, D. (1966). Über die Veränderungen des Holzes und seiner Komponenten
im Temperaturbereich bis 200 ◦C – Zweite Mitteilung: Die Hemicellulosen in
unbehandeltem und in thermisch behandeltem Fichtenholz. Holz als Roh-Und
Werkstoff,  24(3), 98–109.

onzalez-Pena, M.  M.,  Curling, S. F., & Hale, M.  D. C. (2009). On the effect of heat on
the chemical composition and dimensions of thermally-modified wood. Polymer
Degradation and Stability, 94(12).

agler, J. R., & Blackmer, J. L. (2007). Potassium chloride deters Lygus hesperus feeding
behavior. Entomologia Experimentalis Et Applicata, 124(3), 337–345.

eijari, J., Nerg, A. M.,  Kainulainen, P., Noldt, U., Levula, T., Raitio, H., et al. (2008).
Effect of long-term forest fertilization on Scots pine xylem quality and wood
borer performance. Journal of Chemical Ecology, 34(1), 26–31.

ertel, H. (1997). Protection of wood against the house longhorn beetle Hylotrupes
bajulus with sodium chloride and potassium chloride. Pesticide Science, 49(3),
307–312.

acik, F., Kacikova, D., Jablonsky, M.,  & Katuscak, S. (2009). Cellulose degradation in
newsprint paper ageing. Polymer Degradation and Stability, 94(9), 1509–1514.

acik, F., Velkova, V., Smira, P., Nasswettrova, A., Kacikova, D., & Reinprecht, L. (2012).
Release of terpenes from fir wood during its long-term use and in thermal treat-
ment. Molecules, 17(8), 9990–9999.

acik, F., Smira, P., Kacikova, D., Reinprecht, L., & Nasswettrova, A. (2014). Chemical

changes in fir wood from old buildings due to ageing. Cellulose Chemistry and
Technology,  48(1-2), 79–88.

acikova, D., Kacik, F., Cabalova, I., & Durkovic, J. (2013). Effects of thermal treatment
on  chemical, mechanical and colour traits in Norway spruce wood. Bioresource
Technology,  144, 669–674.
mers 117 (2015) 681–686 685

Kim, U.-J., Eom, S. H., & Wada, M.  (2010). Thermal decomposition of native cel-
lulose: Influence on crystallite size. Polymer Degradation and Stability, 95(5),
778–781.

Kotilainen, R. A., Toivanen, T. J., & Alen, R. J. (2000). FTIR monitoring of chemical
changes in softwood during heating. Journal of Wood Chemistry and Technology,
20(3),  307–320.

Manninen, A. M.,  Pasanen, P., & Holopainen, J. K. (2002). Comparing the VOC
emissions between air-dried and heat-treated Scots pine wood. Atmospheric
Environment,  36(11), 1763–1768.

Nada, A. M.  A., & Hassan, M.  L. (2000). Thermal behavior of cellulose and
some cellulose derivatives. Polymer Degradation and Stability, 67(1), 111–
115.

Nelson, M.  L., & O’Connor, R. T. (1964). Relation of certain infrared bands to cel-
lulose crystallinity and crystal latticed type. Part I. Spectra of lattice types
I,  II, III and of amorphous cellulose. Journal of Applied Polymer Science,  8(3),
1311–1324.

Newman, R. H. (1999). Estimation of the lateral dimensions of cellulose crystallites
using 13C NMR signal strengths. Solid State Nuclear Magnetic Resonance,  15(1),
21–29.

Nuopponen, M., Vuorinen, T., Jamsa, S., & Viitaniemi, P. (2003). The effects of a
heat treatment on the behaviour of extractives in softwood studied by FTIR
spectroscopic methods. Wood Science and Technology, 37(2), 109–115.

Nuopponen, M., Vuorinen, T., Jamsa, S., & Viitaniemi, P. (2004). Thermal modifica-
tions in softwood studied by FT-IR and UV resonance Raman spectroscopies.
Journal of Wood Chemistry and Technology, 24(1), 13–26.

O’Connor, R. T., DuPré, E. F., & Mitcham, D. (1958). Applications of infrared absorption
spectroscopy to investigations of cotton and modified cottons. Part I: physi-
cal  and crystalline modifications and oxidation. Textile Research Journal, 28(5),
382–392.

Oh, S. Y., Yoo, D. I., Shin, Y., & Seo, G. (2005). FTIR analysis of cellulose treated
with sodium hydroxide and carbon dioxide. Carbohydrate Research, 340(3),
417–428.

Peters, J., Fisher, K., & Fischer, S. (2008). Characterization of emissions from thermally
modified wood and their reduction by chemical treatment. Bioresources, 3(2),
491–502.

Poletto, M.,  Pistor, V., Zeni, M.,  & Zattera, A. J. (2011). Crystalline properties and
decomposition kinetics of cellulose fibers in wood pulp obtained by two pulping
processes. Polymer Degradation and Stability, 96(4), 679–685.

Poletto, M.,  Zattera, A. J., Forte, M.  M.  C., & Santana, R. M. C. (2012). Thermal decom-
position of wood: Influence of wood components and cellulose crystallite size.
Bioresource Technology, 109, 148–153.

Poletto, M., Zattera, A. J., & Santana, R. M.  C. (2012). Thermal decomposition of wood:
Kinetics and degradation mechanisms. Bioresource Technology, 126, 7–12.

Popescu, C.-M., Tibirna, C.-M., & Vasile, C. (2009). XPS characterization of naturally
aged wood. Applied Surface Science, 256(5).

Reddy, G. V. P. (2007). Improved semiochemical-based trapping method for old-
house borer, Hylotrupes bajulus (Coleoptera: Cerambyeidae). Environmental
Entomology,  36(2), 281–286.

Reddy, G. V. P., Fettkother, R., Noldt, U., & Dettner, K. (2005). Enhancement of attrac-
tion and trap catches of the old-house borer, Hylotrupes bajulus (Coleoptera:
Cerambycidae), by combination of male sex pheromone and monoterpenes. Pest
Management Science, 61(7), 699–704.

Rosa, S. M.  L., Rehman, N., de Miranda, M.  I. G., Nachtigall, S. M.  B., & Bica, C. I. D.
(2012). Chlorine-free extraction of cellulose from rice husk and whisker isola-
tion. Carbohydrate Polymers, 87(2), 1131–1138.

Rowell, R. (2012). Chemical modification of wood to produce stable and durable
composites. Cellulose Chemistry and Technology, 46(7-8), 443–448.

Seifert, K. (1956). Uber ein neues Verfahren zur Schnellbestimmung der Rein-
Cellulose. Das Papier,  10(13-14), 301–306.

Siroky, J., Blackburn, R. S., Bechtold, T., Taylor, J., & White, P. (2010). Attenuated total
reflectance Fourier-transform infrared spectroscopy analysis of crystallinity
changes in lyocell following continuous treatment with sodium hydroxide. Cel-
lulose,  17(1), 103–115.

Sivonen, H., Maunu, S. L., Sundholm, F., Jamsa, S., & Viitaniemi, P. (2002). Mag-
netic resonance studies of thermally modified wood. Holzforschung, 56(6),
648–654.

Tjeerdsma, B. F., & Militz, H. (2005). Chemical changes in hydrothermal treated
wood: FTIR analysis of combined hydrothermal and dry heat-treated wood. Holz
Als Roh-Und Werkstoff, 63(2), 102–111.

Tjeerdsma, B. F., Boonstra, M.,  Pizzi, A., Tekely, P., & Militz, H. (1998). Characteri-
sation of thermally modified wood: Molecular reasons for wood performance
improvement. Holz Als Roh-Und Werkstoff, 56(3), 149–153.

Wang, X. (2010). Heat Sterilization of Wood. In R. J. Ross (Ed.), Wood
Handbook—Wood as an Engineering Material (p. 508). Madison, WI:  U.S.: Forest
Products Laboratory.

Wang, X., Bergman, R. D., & Mace, T. (2010). Heat sterilization of ash (Fraxinus spp.)
firewood: Heat-treating options, temperature monitoring and thermal verifica-
tion. Wood Material Science and Engineering, 5(2), 104–109.

Wikberg, H., & Maunu, S. L. (2004). Characterisation of thermally modified
hard- and softwoods by 13C CPMAS NMR. Carbohydrate Polymers, 58(4), 461–
466.
Windeisen, E., Strobel, C., & Wegener, G. (2007). Chemical changes during the pro-
duction of thermo-treated beech wood. Wood Science and Technology, 41(6),
523–536.

Windeisen, E., Baechle, H., Zimmer, B., & Wegener, G.  (2009). Relations between
chemical changes and mechanical properties of thermally treated wood

http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0240
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0235
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0290
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0295
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0245
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0260
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0255
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0255
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0255
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0255
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0255
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0255
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0255
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0255
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0255
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0255
http://refhub.elsevier.com/S0144-8617(14)01089-3/sbref0255


6 te Poly

W

Y
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