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Byproducts are produced in significant amounts from crop residues such as pecan shells (PC), peanut
shells (PS), and cotton gin (CG) trash. These residues can be used to produce biochar suitable for use in
agricultural soil to sequester carbon and enhance plant growth by supplying and retaining nutrients while
improving soil physical and biological properties. The objectives of this study were to produce biochars
from different byproducts [PC, PS, CG, and switchgrass (Panicum virgatum L.)] at different pyrolysis tem-

Zey f’v";fs" b duct peratures and residence times, and to evaluate the resulting biochar’s physico-chemical properties [yield,
Pgrrg;sigra y-products ash, pH, total surface area (TSA), surface charge (SC), and electrical conductivity (EC)] and elemental com-
Biochar position. Feedstocks were pyrolyzed under N; at 3 temperatures (300, 500, and 750°C) and residence

times each (8, 16, and 24 h), (4, 8, and 12 h), and (1, 2, and 3 h), respectively, depending on the nature of
the feedstock. Higher pyrolysis temperatures resulted in lower biochar recovery, greater TSA, higher pH,
minimal SC, and higher ash contents. Among the eight biochars, switchgrass-derived biochar produced
at 750°C had the highest TSA (276 m2 g~!) followed by PC biochar (185 m? g~!). Substantial increase in
biochar pH (up to 9.8) occurred at the higher temperatures. Biochars produced at lower temperatures
(350°C) had measurable SC with PS biochar having the highest value (3.16 mmol H* eq g~! C). The high-
est ash content was observed in CG (up to 34%) compared to other biochars which contained <10% ash.
These soil-related properties suggest that different biochars types can be produced to selectively improve
physicochemical properties of soil through selection of specific feedstocks and pyrolysis conditions.

© 2014 Elsevier B.V. All rights reserved.

Physicochemical characteristics

with the double advantage of sequestering carbon (improve soil
structure, nutrient retention, and pH) and increasing the crop pro-
ductivity [1,2]. In many cases, these agricultural by-products are
left as waste materials with little or no economic value while their

1. Introduction

The production and processing of various agricultural commodi-
ties yield significant amounts of by-products in the form of crop

residues such as nutshells, cotton gin, corn cobs, sugarcane bagasse,
rice hulls, and straws, etc. Many of the agricultural residues can be
used to produce biochar for its use in agricultural soil applications

Abbreviations: PC, pecan shells; PS, peanut shells; CG, cotton gin; TSA, total
surface area; EC, electrical conductivity.
* Corresponding author. Tel.: +974 4403 4848.
E-mail address: ahmedna@qu.edu.qa (M. Ahmedna).
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disposal is sometimes costly and may cause environmental issues.
For instance, large amounts (more than 50% of total available agri-
cultural residues in the United States) can be acquired between $40
and $60 per Mg of biomass [3].

Conversion of low value and underutilized agricultural by-
products and high volume/low cost industrial biomass (e.g.,
switchgrass) is ecologically and economically attractive given the
fact that energy can be produced at the same time as biochar. Some
crop residues such as nut shells (e.g., groundnut, hazelnut, walnut,
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chestnut, and coconut), bagasse from sugarcane processing, olive
or tobacco waste are particularly suitable as precursors for biochar
and are often available in large quantities in some locations [4].

Land application of biochar is not a new concept since certain
dark earths in the Amazon Basin (so-called Amazonian Dark Earths
or “terra preta”) are well known as early applications of biochar
for soil enhancement. The dark earths result from large amounts of
charred materials from biomass burning [5]. These early biochars
applications were most likely the result of both habitation activities
and deliberate soil application by Amerindian populations before
the arrival of Europeans [6].

Today, the emerging interest in the application of biochar to
soil is driven by many considerations including environmental sus-
tainability benefits. It is considered as a novel approach to establish
a significant and long-term sink for atmospheric CO, in terrestrial
ecosystems while reducing the need for synthetic fertilizers, and
economic benefits through value-added to agricultural production
system and higher crop yield resulting from improved soil fertil-
ity. In fact, recent studies in the field suggest that the production
of biochar and its application to soil can deliver immediate bene-
fits through improved soil fertility and increased crop production
[7-9].

Conversion of biomass carbon to biochar carbon leads to seques-
tration of about 50% of the initial carbon compared to the low
amounts retained after burning (3%) and biological decomposition
(<10-20% after 5-10 years). Hence, production of biochar yields
more stable soil carbon than burning or direct land application of
biomass [4].

In a well managed system, biochar could become a key compo-
nent for a doubly green revolution (sustainable food production and
land degradation prevention) while offering one of the best practi-
cal ways to counter global warming (GHGs reduction) and counter
pollution of streams and groundwater [10].

Many studies have been conducted on the pyrolysis of biomass
residues for biochar production [11-13]. However, comparison of
the properties of biochars obtained from different biomass residues
produced under similar pyrolysis conditions has received limited
attention in the literature.

Therefore, this research effort was undertaken to produce
agricultural byproducts-based biochars from different biomass
residues and compare their potential in soil applications to enhance
soil quality, improve plant growth, and help decrease GHGs emis-
sions. The specific objectives of this study were to (1) produce
biochars from different byproducts (pecan shell, peanut shell, cot-
ton gin) and switchgrass (a high yield and low cost forage crop)
at different pyrolysis temperatures and residence times, and (2)
determine specific physicochemical and surface properties of the
resulting biochars that serve as predictors of their suitability in soil
quality enhancement applications.

2. Materials and methods
2.1. Preparation of biochars

Four agricultural byproducts (pecan shells, peanut shells, cot-
ton gins) and a high yield forage crop (switchgrass) were used as
feedstocks to produce biochars. These residues were chosen due to
their common and wide availability in the southeast region of the
U.S.A. Pecan shells were obtained from Carolina Grains, Lumberton,
North Carolina, and peanut shells from Golden Peanuts Company
(Alpharetta, GA, USA). Cotton gin and switchgrass were obtained
from the USDA-ARS Coastal Plain Research Center, Florence, South
Carolina, where cotton, soybeans, and switchgrass were grown for
research purposes.

The four precursors were dried overnight at 60 °C using a lab-
oratory oven (Fisher Scientific, USA). The peanut and pecan shells
were used as received without any further treatment while the cot-
ton gin and switchgrass were cut into pieces of 0.1 cm long before
pyrolysis. A Lindberg box high temperature furnace equipped with
aretort (model 51668HR; Lindberg, Watertown, WI) was used for
pyrolysis. The sealed furnace retort was purged using N, prior to
initiation of pyrolysis to prevent carbon losses due to oxidation.

A4 x 3 factorial design with nested residence time within pyrol-
ysis temperature was used in this study with the first factor
consisting of four different agricultural precursors (three feed-
stocks: cotton gin, peanut and pecan shells, and one forage crop:
switchgrass), and the second factor consisting of 3 sets of pyrolysis
temperatures (300, 500, and 750°C) and 3 sets of pyrolysis resi-
dence time [(8, 16, and 24 h for 300°C), (4, 8, and 12 h for 500°C),
and (1, 2, and 3 h for 750 °C)]. The choice of this nested design was
based on previous results obtained from preliminary range find-
ing experiments conducted in our laboratory in which we observed
that no biochar remained when high temperatures were used along
with long residence time, especially for soft materials. To account
for these observations, we opted to use longer residence time at
lower temperatures for soft materials like switchgrass and cot-
ton gin. Hard materials like pecan shells allowed the use of high
temperature and short time. Feedstocks were pyrolyzed follow-
ing the above design under N, gas at a flow rate of 0.1 mLmin~!
using a Lindberg box programmable furnace equipped with retort.
Mass yield for biochar recovery was calculated using the following
equation [14]:

W,
Mass yield (%) = {w{,} x 100 (1)

where Wr is the dry mass (g) of the produced biochars and Wy is
the dry mass (g) of the precursors.

2.2. Measurement of biochars properties with relevance to soil
applications

Physical (surface area) and chemical (ash content, pH, surface
charge, electrical conductivity, and total elemental analysis) prop-
erties of biochars were determined according to the procedures
described in previous studies [15-17]. The total elemental analysis
was determined using standard EPA method (EPA SW 846 Method
3050B; EPA, 1989) with minor modifications [18].

2.2.1. Ash content

Pre-weighed ceramic crucibles containing approximately 2 g of
oven dried biochar were used to measure the ash content of the
biochars. The samples were heated in a laboratory muffle furnace
(Fisher Scientific, USA) at 760 °C for at least 6 h. After cooling, the
remaining solids (ash) were weighed [17]. The percent ash content
was calculated as follows:

remaining solids wt(g)
original carbon wt(g)

Ash (%) = [ } « 100 )

2.2.2. pH measurement

The pH measurements of biochar were determined using the
method described by Ahmedna [15]. A 1% (w/w) water suspen-
sion of each type of biochar was heated to approximately 90 °C and
stirred for 20 min then allowed to cool to room temperature before
pH measurement with a Corning pH 10 portable pH meter (Acton,
MA). The pH meter was calibrated with standard pH 4 and pH 7
buffers [17].
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2.2.3. Electrical conductivity

A 1% (w/w) solution of biochar in water was stirred at room tem-
perature for 20 min [19] and electrical conductivity was measured
using a Total Dissolved Solids (TDS)/Conductivity meter (Oakton
Instruments, Vernon Hills, IL) with values given in microSiemens
per centimeter (wScm~1).

2.2.4. Surface area

A Quantachrome Nova 2200e (Boynton Beach, FL) surface area
analyzer was used to determine the surface area of test carbon
based on N, adsorption at 77 K. Biochar weighing between 0.2
and 0.25g was previously degassed overnight (for at least 8h)
and placed into the evacuated sample chamber of the surface area
analyzer. BET surface area and pore size distribution output was
obtained through the Nova 2200e automated software. The BET
(Brunauer, Emmett and Teller) equation was used by the software
to calculate the specific surface area of the test carbons [20,21].

2.2.5. Surface charge

The total negative surface charge was measured on duplicate
samples based on the Boehm method [22-34]. One-tenth mole
per liter solution of NaOH was prepared along with a 0.1 molL~!
solution of HCl. A 0.5g amount of biochar was introduced into
a 250mL flask with a Teflon stirring bar containing 50 mL NaOH
solution. A blank (base with no biochar) was run in parallel with
the biochar samples. After a 24 h continuous stirring of the sam-
ples containing 1% (w/v) carbon slurries along with the blanks, the
solutions were filtered using a 0.45 pm Teflon filters. Fifteen mL
of 0.1 molL~1 HCl were added to a flask containing 10 mL of the
filtrate and then the excess HCl was subsequently determined by
titration with 0.1 molL~! NaOH.

Titrations were carried out using an 836 Titrando Autotitra-
tor (Metrohm USA Inc., Riverview, Florida) equipped with a 50 mL
burette and a Corning pH Meter probe. The volume of NaOH neces-
sary to reach the equivalent point was recorded for the blank and
the carbon samples. The difference in volume of NaOH consumed by
the blank and by the carbon sample was calculated and converted to
atitratable negative surface charge with results expressed as mmol
H* equivalent neutralized by standard base per gram of biochar.

2.3. Total elemental analysis of biochars

The biochar elemental analysis content was determined using
standard EPA method (EPA SW 846 Method 3050B; EPA, 1989) with
minor modifications [18]. Between 0.1 and 0.3 g of dried biochar
was added to 7.5 mL conc. HNO3 and 2.5 mL of conc. HCL. The mix-
ture was allowed to digest for approximately 30 minin a microwave
digestion system. Digested samples were filtered with a 0.45 pm
Teflon-filter, then diluted with deionized water to 50 mL, and ana-
lyzed for Zn?*, Fe2*, S, P, Mg2*, K*, and Ca2* using Agilent 710 Series
ICP-OES Inductively Coupled Plasma spectrophotometer (Agilent
Technologies, Santa Clara, CA, USA). A series of multi-elements
standards across a range of concentrations near the expected con-
centration of analyte in the test solutions were prepared using
1000 pg mL-1! stock solutions in 4% HNOs. Samples containing ele-
ments exceeding the working range were diluted to the suitable
range and reanalyzed as described above.

3. Results and discussion

3.1. Physicochemical characteristics of biochars

3.1.1. Effect of pyrolysis temperature and residence time on yield
of biochars

The physicochemical characteristics of biochars as affected by
precursors and pyrolysis temperature are shown in Figs. 1-6 and

their elemental analysis is shown in Tables 1 and 2. Pyrolysis of all
precursors resulted in higher biochar recovery at lower pyrolysis
temperatures. This increase in yield of biochars at lower pyrol-
ysis temperatures was most likely due to minimal condensation
of aliphatic compounds, and lower losses of CHy4, H, and CO as
reported by Amonette and Joseph [23]. The mass yield was at least
50% (Fig. 1) in biochars prepared at pyrolysis temperatures below
500°C, and decreased to about 30% as the pyrolysis temperature
was increased to 750 °C. This decrease in mass yield is likely due to
dehydration of hydroxyl groups and thermal degradation of ligno-
cellulosic structures [24].

This trend is in agreement with the findings of McHenry (2009)
[25] who reported that at greater than or equal to 400°C, the
biomass material is converted into fused aromatic ring structures
with the loss of CO,, CO, H,0 and H, and that the biochar’s mass
yield depends on the nature of the precursor irrespective of its hard-
ness. Sjostrom [26] stated that the chemical composition of the
biomass feedstock has a direct impact upon the physical nature of
the biochar produced. At temperatures above 120 °C, organic mate-
rials begin to undergo thermal decomposition, losing chemically
bound moisture. Hemicelluloses are degraded at 200°C to 260°C,
cellulose at 240°C to 350°C, and lignin at 280°C to 500 °C. There-
fore, the proportions of these components may influence the degree
of reactivity and hence, the degree to which the physical structure
is modified during processing [27]. This could explain the decrease
of the mass yield due to increase in pyrolysis temperature as well
as the type of precursor used for biochar preparation.

The effect of pyrolysis residence time on the yields of biochars
was significantly (p<0.05) at 300°C but not at 750°C (Fig. 1) at
which the yield remained almost constant regardless of residence
time. At the middle temperature, the yield seems to reach the min-
imum. This is best illustrated by peanut shells biochar produced
at 500°C for 12 h. It appears that the steepest yield loss occurred
within the first hours of residence time during pyrolysis and then
continued gradually during residence time. This loss in yield is
largely due to the release of volatile matter from the shell structure
which increases with pyrolysis temperature and residence time
[26].

3.1.2. Effect of pyrolysis temperature and residence time on
surface area of biochars

The increase in pyrolysis temperature significantly increased
the total surface area of biochars (p <0.05). Study conducted on
pistachio nutshells (Pistacia vera) by Lua et al. (2004) [28] demon-
strated that increasing pyrolysis temperature from 250 °C to 500 °C
increases the surface area due to the release of volatiles from pista-
chio nutshells, resulting in enhanced pore development in biochars.

Among the eight biochars, the switchgrass-derived biochar pro-
duced at 750°C had the highest surface area (276 m2 g~1) followed
by pecan shell-based biochar (185m? g~1). This can be explained
by the higher lignin content of these precursors and related struc-
tural modifications that occurred at higher pyrolysis temperature
following the release of volatiles [29].

The total surface area (TSA) for cotton gin and peanut shells
biochars produced at 750 °C was much lower than the TSA of other
biochars. The lower surface area exhibited by cotton gin biochar
(Fig. 2) could be due to plugging of pores by the inorganic com-
pounds from ash (which is present at the highest amount in cotton
gin compared to other biochars), or tars (condensed volatiles), and
other amorphous decomposition products. These substances are
known to partially block the micropores [30]. Even in a very low
ash precursor, such as the hazelnut shells, the surface area was
low due to some thermoplastic properties such as particles fusion,
melting, and swelling due to high volatile matter [31]. This is in
agreement with our results for biochars derived from peanut shells
which showed similar thermoplastic properties. These results were
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Fig. 1. Effect of pyrolysis temperature and time on mass yield of biochars derived from four agricultural residue feedstocks. z-axis represents type of precursor used during
pyrolysis, y-axis represents the mass yield of different biochars produced, and x-axis represents pyrolysis temperatures and times used to produce different biochars. PS:
peanut shells; PC: pecan shells; SG: switchgrass; CG: cotton gin.

also similar to those obtained by khezami [32] who reported cellulose microfibrils dominate the mechanism of dimensional
that the surface area of chars never exceeded 300m2g~! and change during pyrolysis. This shrinkage is attributed to the forma-
even decreased with increase in pyrolysis temperature. It was tion of graphitic layers resulting from the aromatization process
reported that cellulose plays a major role in this process [33] where after thermal decomposition of glycosidic chains [27].
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Fig. 2. Effect of pyrolysis temperature and time on surface area of biochars derived from four agricultural residue feedstocks. z-axis represents type of precursor used during
pyrolysis, y-axis represents the total surface area of different biochars produced, and x-axis represents pyrolysis temperatures and times used to produce different biochars.
PS: peanut shells; PC: pecan shells; SG: switchgrass; CG: cotton gin; TSA: total surface area.
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Pyrolysis Temperature (°C) and Time (h) 750

Fig. 3. Effect of pyrolysis temperature and time on pH of biochars derived from four agricultural residue feedstocks. z-axis represents type of precursor used during pyrolysis,

y-axis represents the pH of different biochars produced, and x-axis represents pyrolysis temperatures and times used to produce different biochars. PS: peanut shells; PC:
pecan shells; SG: switchgrass; CG: cotton gin.

Fig. 2 shows the effect of pyrolysis residence time on the total
surface area of the biochars. The figure suggests that the total sur-
face area increases significantly as the residence time increases
(p<0.05), with the highest increase occurring at 750°C, regard-
less of the type of precursor. This can be explained by the fact that
as the residence time during pyrolysis increases, the rudimentary
pore structure within the char improves overtime due accelerated
release of the volatile matter [28].

3.1.3. Effect of pyrolysis temperature and residence time on pH of
biochars

Generally, pH values were lower and surface areas smaller for
biochars produced at the lower pyrolysis temperatures. Substantial
increase in pH occurred at the higher temperatures because of the
increased relative concentration of non-pyrolyzed inorganic ele-
ments in the feedstocks and the formation of basic surface oxides
under high pyrolysis temperature [34].
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Fig. 4. Effect of pyrolysis temperature and time on surface charge of biochars derived from four agricultural residue feedstocks. z-axis represents type of precursor used

during pyrolysis, y-axis represents the surface charge of different biochars produced, and x-axis represents pyrolysis temperatures and times used to produce different
biochars. PS: peanut shells; PC: pecan shells; SG: switchgrass; CG: cotton gin.
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Pyrolysis Temperature ("C) and Time (h) 750

Fig. 5. Effect of pyrolysis temperature and time on the EC of biochars derived from four agricultural residue feedstocks. z-axis represents type of precursor used during
pyrolysis, y-axis represents the electrical conductivity of different biochars produced, and x-axis represents pyrolysis temperatures and times used to produce different
biochars. PS: peanut shells; PC: pecan shells; SG: switchgrass; CG: cotton gin; EC: electrical conductivity.

Among the feedstocks, biochar produced from cotton gin had
the highest pH values ranging from 8.2 to 9.8, followed by pecan
shell-based biochar (Fig. 3), probably due to their high Ca?* and
Mg2* contents (Tables 1 and 2). The pyrolysis temperature had
a significant positive effect on the pH values of biochars. The pH

value significantly increased (p<0.05) as pyrolysis temperature
increased from 300°C to 750 °C passing from a value of 6 to almost
10 which can be attributed to the release of the basic cations such
as Ca?* and Mg2* during pyrolysis process at higher temperatures.
Regardless of the precursor, the pyrolysis residence time appears

Pyrolysis Temperature ("C) and Time (h) 750

Fig. 6. Effect of pyrolysis temperature and time on ash content of biochars derived from four agricultural residue feedstocks. z-axis represents type of precursor used during
pyrolysis, y-axis represents the ash content of different biochars produced, and x-axis represents pyrolysis temperatures and times used to produce different biochars. PS:

peanut shells; PC: pecan shells; SG: switchgrass; CG: cotton gin.
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Precursor Pyrolysis Pyrolysis Ca?* (gkg™1) S(gkg™) K* (gkg™") Mg2* (gkg=!) P(gkg') Fe? (gkg') Zn?* (mgkg')
temperature time (h)
¢0)
Peanut shells 8 5.14 + 0.16 0.14 +£ 00> 11.44 + 06 137 £ 0.0 nd? nd nd
300 16 6.29 + 0.21 0.49 + 0.0 1559 + 0.9 1.80 + 0.0 nd nd 1.49+0.0
24 5.80 + 0.18 0.26 + 0.0 13.38 + 0.7 1.51 £ 0.0 nd nd nd
4 10.67 +£ 0.3 1.09 £ 0.0 26.23 + 1.8 2.90 + 0.0 nd 0.10+0.0 12.81+0.7
500 8 10.28 + 0.4 0.97 + 0.0 26.25 + 1.1 2.72 £ 0.0 nd nd 5.11+03
12 10.46 + 0.3 0.94 + 0.0 2497 £ 14 2.68 £ 0.0 nd nd 11.70+0.5
1 12.09 + 0.5 1.10 £ 0.0 29.46 + 1.3 3.09 + 0.0 nd 1.34+0.0 5.20+0.1
750 2 1235+ 0.5 1.04 £ 0.0 2899 + 1.7 3.11 £ 0.0 nd 1.14+0.0 3.57+0.1
3 13.25 £ 0.6 1.18 +£ 0.0 3113+ 26 3.30 £ 0.0 nd 1.20+£0.0 6.63+0.2
Cotton gin 8 2119+ 1.2 2.46 + 0.0 68.34 + 4.3 3.84 + 0.0 0.84+00 nd nd
300 16 22.00 +£ 1.5 2.65 + 0.0 70.55 + 3.7 3.90 + 0.0 127400 nd nd
24 23.75+ 1.6 2.75 + 0.0 71.98 + 3.1 422 +0.0 1.26+0.0 nd nd
4 19.17 £ 1.1 0.66 + 0.0 52.66 + 3.2 5.94 + 0.1 5.06+0.1 nd 22.85+1.1
500 8 1747 £ 1.5 0.68 + 0.0 50.76 £+ 2.1 6.22 + 0.1 5.44+0.1 nd 2421+1.8
12 1836 + 1.2 0.53 £ 0.0 5244 +1.8 6.29 + 0.0 5.97 +0.1 nd 2990+1.4
1 21.01 £ 1.3 114 £ 0.0 60.22 + 3.8 742 +£02 6.96+0.2 0.18+0.0 19.67 +£0.6
750 2 1875+ 1.4 0.94 + 0.0 58.01 +£ 2.7 7.09 £ 0.1 6.20+£0.2 nd 18.67+0.4
3 23.65 + 1.8 1.63 £ 0.0 61.62 + 2.6 7.28 £03 7.65+0.2 034+0.0 27.02+1.2

2 nd, not detectable.
b Values given are means of three estimations and standard deviation.

to have no effect or a statistically non-significant increase on the
pH of the biochars (Fig. 3). The latter appears to be impacted mostly
by pyrolysis temperature.

3.1.4. Effect of pyrolysis temperature and residence time on total
surface charge of biochars

The total surface charge of the biochars was significantly influ-
enced by both feedstock and pyrolysis temperature. Biochars
produced at lower temperatures had measurable total surface
charge with peanut shells biochar having the highest value
(3.16mmolH*eqg1C). Biochars produced between 500 and
750°C had low or no measurable total surface charge (Fig. 4). The
pyrolysis conditions were shown to influence the degree of aro-
maticity and, therefore, the adsorption characteristics of biochar.
The degree of aromaticity increases with increasing pyrolysis tem-
peratures [35] and pyrolysis time [36]. The presence of alkyl
aromatic units in the biochars with a variety of oxygen-containing
functional groups, including hydroxyl, carboxyl, carbonyl, ether,

Table 2
Total elemental analysis of biochars derived from agricultural residue feedstocks.

and lactone structures are gradually lost as the pyrolysis temper-
ature increased. At 500 °C, the OH, C=0, and aliphatic C—H groups
are largely lost, and at 750 °C, most of the aromatic C—H groups are
decomposed [34].

Our results suggest that, for the most part, biochars produced at
higher pyrolysis temperatures could have poorer ability to increase
the capacity of soil to hold cationic plant nutrients due to their
low surface charge. However, it is possible that high temperature
biochars with large surface areas and aromatic characteristics will
eventually be involved in soil nutrient exchange.

Cheng et al. [37] reported that abiotic processes are capable of
oxidizing surfaces of black carbon compounds, albeit after exposure
for months to years to soil. Biochars prepared at low pyrolysis tem-
peratures, on the other hand, may be more readily able to increase
soil nutrient retention due to their high surface charge compared
to biochars produced at the high pyrolysis temperature.

A positive effect of the residence time on the surface charge
was observed at low temperature (300 °C) where the surface charge

Precursor Pyrolysis Pyrolysis Ca?* (gkg™1) S(gkg™') K (gkg™) Mg2* (gkg=!) P(gkg) Fe?* (gkg™')  Zn%** (mgkg™1)
temperature time (h)
(°C)
Switch grass 8 3.33 +0.10° nd? 24.15+0.21 3.41 + 0.12 nd nd 1.18 +0.00
300 16 3.64 + 0.11 nd 29.15+0.85 2.89 + 0.10 nd nd 4.19+0.12
24 335+ 0.15 nd 26.35+0.41 3.50 + 0.14 nd nd 0.44+0.00
4 6.61 + 0.83 nd 43.45+1.44 4,77 +£0.22 428 +0.10 nd 12.62 +£0.54
500 8 6.60 + 0.02 nd 43.18+1.15 4.65 + 0.31 2.25+0.0 nd 13.49+0.32
12 7.82 +£ 0.57 nd 46.41+£2.10 5.14 + 0.17 421+0.14 nd 15.16 £0.28
1 8.47 + 0.06 nd 49.84+1.87 5.67 + 0.10 421+0.18 0.18+0.0 18.19+0.46
750 2 7.60 + 0.66 nd 47.62+1.46 5.27 + 0.21 2.94+0.0 0.19+0.0 15.37+0.39
3 8.41 + 0.78 nd 43.42 +1.02 5.59 + 0.30 3.15+0.0 0.26+0.0 23.68+1.02
Pecan shells 8 18.14 + 1.30 nd nd 0.37 £ 0.0 nd nd nd
300 16 19.16 + 1.94 nd nd 0.38 £ 0.0 nd nd nd
24 18.48 + 1.21 nd nd 0.41 + 0.0 nd nd nd
4 2462 +1.44 nd 1.744+0.0 0.69 + 0.0 nd nd nd
500 8 26.46 + 1.05 nd 2.47+0.0 0.76 + 0.0 nd nd nd
12 28.59 + 1.11 nd 2.61+0.0 0.82 + 0.0 nd nd nd
1 32.09 + 1.42 nd 5.744+0.1 0.91 + 0.0 nd nd nd
750 2 3335 +1.91 nd 6.87+0.3 1.01 +£ 0.0 nd nd 1437 +0.11
3 31.81 £ 1.33 nd 4.81+0.2 0.98 + 0.0 nd nd nd

2 nd, not detectable.
b Values given are means of three estimations and standard deviation.
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seems to increase as the residence time increases. This could be
due to the increase in the degree of the biochar’s aromaticity and
formation of functional groups on the surface of biochar [34,36].

3.1.5. Effect of pyrolysis temperature and residence time on
electrical conductivity and ash content of biochars

The electrical conductivity (EC) of biochars increased with
increasing pyrolysis temperature and time, with the highest EC
observed in cotton gin biochar at values ranging from 815 to
1971 uScm~!, depending on the production conditions. Pecan
shell-based biochars showed the lowest EC among the four biochars
(Fig. 5). This difference in biochar conductivity is likely related to
their ash content which is highest for cotton gin and lowest for
pecan shells (Tables 1 and 2).

The ash content of biochars made from peanut hulls, pecan
shells, and switchgrass were below 10% while the ash content of
biochar made from cotton gin was as high as 34%. This high ash
content may be partially attributed to the sand/soil contained in the
cotton gin during physical collection. Cotton gin residue was laying
on the soil surface and silicates could also have been trapped in the
condensed bulk of cotton gin balls. The residual sand was difficult
to cleanup during preparation for pyrolysis and significant amount
may have remained in the feedstock.

For all materials, ash contents increased significantly with pyrol-
ysis temperature but the residence time appears to have no effect
on the ash content, except for the cotton gin biochars produced
at high temperature (750°C) where the ash content significantly
increased overtime (Fig. 6). This is expected since additional burn
off over time at this high temperature leads to loss of yield primarily
due to organic matter loss.

A strong positive correlation was observed between the pH, EC,
and the ash content of the biochars. This correlation is due to the fact
that increase of ash content or EC affects the biochar’s pH. Further-
more, all the three variables increased as the pyrolysis temperature
was increased.

The type of feedstock and conditions are important factors
controlling the properties of the resulting biochar [38]. Firstly,
the chemical and structural composition of the biomass feed-
stock relates to the chemical and structural composition of the
resulting biochars. Secondly, the extent of the physical and chem-
ical alterations undergone by the biomass during pyrolysis (e.g.,
attrition, cracking, micro-structural rearrangements) is dependent
on the processing conditions (mainly temperature and residence
times).

Cellulose and lignin undergo thermal degradation at pyroly-
sis temperatures ranging between 240-350°C and 280-500°C,
respectively [38]. The relative proportion of each component will,
therefore, determine the extent to which the biomass structure is
retained during pyrolysis, at any given temperature. For example,
pyrolysis of wood-based feedstocks generates coarser and more
resistant biochars with carbon contents of up to 80%, as the rigid
ligninolytic nature of the source material is retained in the biochar
residue [39]. Biomass with high ligno-cellulosic contents (such as
pecan shells) is shown to produce the highest biochar mass yields,
given the stability of lignin and cellulose to thermal degradation.
Therefore, at comparable temperatures and residence times, lignin
loss is typically less than half of cellulose loss [38]. Whereas woody
feedstock generally contains low proportions (<1% by weight) of
ash, biomass with high mineral contents such as grass (switch-
grass), and straw residues (cotton gin) generally produce ash-rich
biochars [38].

The mineral content of the feedstock is largely retained in the
resulting biochar, where it concentrates due to the gradual loss of
carbon (C), hydrogen (H) and oxygen (O) during processing [40].
The mineral ash content of the feedstock can vary widely and

evidence seems to suggest a relationship between that and biochar
mass yield [23].

3.1.6. Effect of pyrolysis temperature and residence time on
elemental composition of biochars

The elemental composition of the four types of biochars is shown
in Tables 1 and 2. The biochars show dissimilarities in terms of
elemental composition. This variability can be attributed to the dif-
ferent feedstocks and different conditions under which the four
biochars were produced. K* and Mg2* were most concentrated in
cotton gin-based biochar, with biochar produced at high pyrolysis
temperatures exhibiting the highest MgZ*/K* concentration fol-
lowed by switchgrass. On the other hand, pecan shells showed a
very high concentration of Ca%* compared to other biochars fol-
lowed by cotton gin (Tables 1 and 2).

Unlike biochars from cotton gin and peanut shells, pecan shells
and switchgrass derived biochars did not contain sulfur. This high
variability in inorganic nutrient content and availability is likely to
affect plant and soil responses following addition of these biochars.
Accordingly, it would be difficult to adopt an optimum rate of soil
application for all biochars due to the large variability in biochars
nutrient composition. Hence, optimal application rates of a specific
biochar can be accurately determined only for each soil type and
plant species.

The above-discussed physicochemical properties of biochars
from agricultural residues suggest that the complex and varying
changes in biomass during pyrolysis affect both the composition
and chemical structure of the resulting biochars, with significant
implications on nutrients contents, especially nutrients availabil-
ity to plants. Therefore, care must be taken to identify and use the
right combination of pyrolysis conditions and precursor type for
the target soil and even the type of plants to be used.

4. Conclusion

Biochars produced from different biomass under a range of
pyrolysis process conditions exhibited major differences in their
physical, chemical and adsorption properties. These dissimilari-
ties were caused by differences among precursors and the effect
of the pyrolysis conditions. However, the choice of feedstock and
pyrolysis conditions can be made and adjusted to yield desirable
properties for the intended soil application.

This study demonstrated the feasibility of developing biochars
that possess specific properties with the potential to effectively
alter the physicochemical properties of the soil and even target spe-
cific soil properties such as pH. Accordingly, designer biochars can
be produced from agricultural by-products for specific soil appli-
cations such as pH buffering, nutrient enrichment, soil aggregation
and moisture retention.

Acknowledgements

This research was supported by the United States Department
of Agriculture (USDA) through grant # 2010-38821-21572 and the
Agricultural Research Program at North Carolina Agricultural &
Technical State University. Gratitude is expressed to Mr. Don Watts
with the USDA-ARS-CPRC for assistance with feedstock collection
and processing.

References

[1] B. Glaser, J. Lehmann, W. Zech, Ameliorating physical and chemical properties
of highly weathered soils in the tropics with charcoal - a review, Biol. Fertil.
Soils 35 (2002) 219-230.

[2] J. Lehmann, M. Rondon, Biochar soil management on highly-weathered soils
in the tropics, in: N.T. Uphoff (Ed.), Biological Approaches to Sustainable Soil
Systems, CRC Press, Boca Raton, FL, 2006, pp. 517-530.


http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0005
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0010

D. Rehrah et al. / Journal of Analytical and Applied Pyrolysis 108 (2014) 301-309 309

[3] U.S.Department of Energy (DOE), Crop Residues and Agricultural Wastes, 2011,
pp. 1-2, http://www1.eere.energy.gov/biomass/pdfs/btu_crop_residues

[4] ]J.Lehmann,]. Gaunt, M. Rondon, Biochar sequestration in terrestrial ecosystems
- areview, Mitig. Adapt. Strateg. Global Change 11 (2006) 403-427.

[5] W.Sombroek, M.L. Ruvio, P.M. Fearside, B. Glaser, J. Lehmann, Amazonian dark
earth as carbon stores and sinks, in: J. Lehmann, D.C. Kern, B. Glaser, W.I. Woods
(Eds.), Amazonian Dark Earths: Origins, Properties, Management, Kluwer Aca-
demics, Dordrecht, The Netherlands, 2003, pp. 125-139.

[6] C. Erickson, Historical ecology and future explorations, in: J. Lehmann, D.C.
Kern, B. Glaser, W.I. Woods (Eds.), Amazonian Dark Earths: Origin, Properties,
Management, Kluwer Academic Publishers, Dordrecht, Netherlands, 2003, pp.
455-500.

[7] S.Sohi, E. Lopez-Capel, E. Krull, B. Bol, Biochar, climate change and soil: a review
to guide future research. CSIRO Land and Water Science Report series, 2003.

[8] CJ. Atkinson, ].D. Fitzgerald, N.A. Hipps, Potential mechanisms for achieving
agricultural benefits from biochar application to temperate soils: a review,
Plant Soil 337 (2011) 1-18.

[9] K.A.Spokas, K.B. Cantrell, J.M. Novak, D.W. Archer, ].A. Ippolito, H.P. Collins, A.A.
Boateng, .M. Lima, M.C. Lamb, A.J. McAloon, R.D. Lentz, K.A. Nichols, Biochar:
a synthesis of its agronomic impact beyond carbon sequestration, J. Environ.
Qual. 41 (2012) 973-989.

[10] C.J.Barrow, Biochar: potential for countering land degradation and for improv-
ing agriculture, Appl. Geogr. 34 (2012) 21-28.

[11] J.L. Gaunt, J. Lehmann, Energy balance and emissions associated with biochar
sequestration and pyrolysis bioenergy production, Environ. Sci. Technol. 42
(2008) 4152-4158.

[12] M. Guillain, K. Fairouz, S.R. Mar, F. Monique, L. Jacques, Attrition-free pyrolysis
to produce bio-oil and char, Bioresour. Technol. 100 (2009) 6069-6075.

[13] J.F. Gonzalez, S. Roman, ].M. Encinar, G. Martinez, Pyrolysis of various biomass
residues and char utilization for the production of activated carbons, J. Anal.
Appl. Pyrolysis 85 (2009) 134-141.

[14] M.A.S. Niandou, ].M. Novak, RR. Bansode, ]. Yu, D. Rehrah, M. Ahmedna,
Selection of pecan shell based activated carbons for removal of organic and inor-
ganicimpurities from water, J. Environ. Qual. (2012), http://dx.doi.org/10.2134/
jeq2012.0433.

[15] M. Ahmedna, W.E. Marshall, R.M. Rao, Production of granular activated carbons
from select agricultural by-products and evaluation of their physical, chemical,
and adsorption properties, Bioresour. Technol. 71 (2000) 113-123.

[16] C.A.Toles, W.E. Marshall, M.M. Johns, L.H. Wartelle, A. McAloon, Acid-activated
carbons from almond shells: physical, chemical and adsorptive properties and
estimated cost of production, Bioresour. Technol. 71 (2000) 87-92.

[17] R.R. Bansode, ].N. Losso, W.E. Marshall, R.M. Rao, RJ. Portier, Adsorption of
volatile organic compounds by pecan shell-based and almond shell-based gran-
ular activated carbons, Bioresour. Technol. 90 (2003) 175-184.

[18] D.E. Kimbrough, J.R. Wakakuwa, Acid digestion for sediments, sludges, soils,
and solid wastes. A proposed alternative to EPA SW 846 Method 3050, Environ.
Sci. Technol. 23 (1989) 898-900.

[19] M. Ahmedna, M.M. Johns, SJ. Clarke, W.E. Marshall, RM. Rao, Potential of
agricultural by-product-based activated carbons for use in raw sugar decol-
orization, J. Sci. Food Agric. 75 (1997) 17-124.

[20] M.M. Johns, W.E. Marshall, C.A. Toles, The effect of activation method on the
properties on pecan shell-activated carbons, . Chem. Technol. Biotechnol. 74
(1999) 131-140.

[21] C.A.Toles, W.E. Marshall, M.M. Johns, Granular activated carbons from nutshells
for the uptake of metals and organic compounds, Carbon 35 (1997) 1407-1414.

[22] H.P. Boehm, Some aspects of the surface chemistry of carbon blacks and other
carbons, Carbon 32 (1994) 759-769.

[23] J.E. Amonette, S. Joseph, Characteristics of biochar: micro-chemical properties,
in:].Lehmann, S. Joseph (Eds.), Biochar for Environmental Management Science
and Technology, Earthscan Publications, London, 2009, pp. 33-52.

[24] M.J. Antal]r., M. Gronli, The art, science, and technology of charcoal production,
Ind. Eng. Chem. Res. 42 (2003) 1619-1640.

[25] M.P. McHenry, Agricultural biochar production, renewable energy generation
and farm carbon sequestration in Western Australia: certainty, uncertainty and
risk, Agric. Ecosyst. Environ. 129 (2009) 1-7.

[26] E.Sjostrom, Wood Chemistry: Fundamentals and Applications, second ed., Aca-
demic Press, San Diego, CA, 1993.

[27] A.Downie, A. Crosky, P. Munroe, Physical properties of biochar, in: J. Lehmann,
S.Joseph (Eds.), Biochar for Environmental Management Science and Technol-
ogy, Earthscan Publications, London, 2009, pp. 13-32.

[28] A.C. Lua, T. Yang, J. Guo, Effects of pyrolysis conditions on the properties of
activated carbons prepared from pistachio-nut shells, J. Anal. Appl. Pyrolysis
72 (2004) 279-287.

[29] ZK. Huang, QF. Lu, Q. Lin, X. Cheng, Microstructure, properties and lignin-
based modification of wood-ceramics from rice husk and coal tar pitch, J. Inorg.
Organomet. Polym. 22 (2012) 1113-1121.

[30] R.C. Bansal, ].B. Donnet, F. Stoeckil, Active Carbon, Marcel Dekker, New York,
NY, 1988.

[31] A.S. Aygun, Y. Karakas, I. Duman, Production of granular activated carbon from
fruit stones and nutshells and evaluation of their physical, chemical and adsorp-
tion properties, Microporous Mesoporous Mater. 66 (2003) 189-195.

[32] L. Khezami, A. Ould-dris, R. Capart, Activated carbon from thermo-
compressed wood and other ligno-cellulosic precursors, Bioresources 2 (2007)
193-209.

[33] CE. Byrne, D.C. Nagle, Carbonization of wood for advanced materials applica-
tions, Carbon 35 (1997) 259-266.

[34] J.M. Novak, LM. Lima, B. Xing, J.W. Gaskin, C. Steiner, K.C. Das, M. Ahmedna, D.
Rehrah, D.W. Watts, W J. Busscher, H. Schomberg, Characterization of designer
biochar produced at different temperatures and their effects on a loamy sand,
Ann. Environ. Sci. 3 (2009) 195-206.

[35] F. Shafizadeh, Y. Sekiguchi, Development of aromaticity in cellulosic chars,
Carbon 21 (1983) 511-516.

[36] B. Glaser, L. Haumaier, G. Guggenberger, W. Zech, Black carbon in soils: the
use of benzenecarboxylic acids as specific markers, Org. Geochem. 29 (1998)
811-819.

[37] C.H.Cheng,].Lehmann, M. Engelhard, Natural oxidation of black carbon in soils:
changes in molecular form and surface charge along a climosequence, Geochim.
Cosmochim. Acta 72 (2008) 1598-1610.

[38] A. Demirbas, Effects of temperature and particle size on bio-char yield
from pyrolysis of agricultural residues, ]J. Anal. Appl. Pyrolysis 72 (2004)
243-248.

[39] P. Winsley, Biochar and bioenergy production for climate change, N. Z. Sci. Rev.
64 (2007) 1-10.

[40] K. Raveendran, A. Ganesh, K. Khilar, Influence of mineral matter on biomass
pyrolysis characteristic, Fuel 74 (1995) 1812-1822.


http://www1.eere.energy.gov/biomass/pdfs/btu_crop_residues
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0020
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0025
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0030
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0035
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0040
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0045
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0050
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0055
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0060
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0065
dx.doi.org/10.2134/jeq2012.0433
dx.doi.org/10.2134/jeq2012.0433
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0075
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0080
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0085
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0090
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0095
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0100
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0105
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0110
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0115
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0120
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0125
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0130
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0135
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0140
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0145
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0150
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0155
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0160
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0165
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0170
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0175
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0180
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0185
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0190
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0195
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200
http://refhub.elsevier.com/S0165-2370(14)00067-9/sbref0200

	Production and characterization of biochars from agricultural by-products for use in soil quality enhancement
	1 Introduction
	2 Materials and methods
	2.1 Preparation of biochars
	2.2 Measurement of biochars properties with relevance to soil applications
	2.2.1 Ash content
	2.2.2 pH measurement
	2.2.3 Electrical conductivity
	2.2.4 Surface area
	2.2.5 Surface charge

	2.3 Total elemental analysis of biochars

	3 Results and discussion
	3.1 Physicochemical characteristics of biochars
	3.1.1 Effect of pyrolysis temperature and residence time on yield of biochars
	3.1.2 Effect of pyrolysis temperature and residence time on surface area of biochars
	3.1.3 Effect of pyrolysis temperature and residence time on pH of biochars
	3.1.4 Effect of pyrolysis temperature and residence time on total surface charge of biochars
	3.1.5 Effect of pyrolysis temperature and residence time on electrical conductivity and ash content of biochars
	3.1.6 Effect of pyrolysis temperature and residence time on elemental composition of biochars


	4 Conclusion
	Acknowledgements
	References


