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ABSTRACT

Although biochar has great potential for heavy metal removal from sediments or soils, its impact on
arsenic biogeochemistry in contaminated paddy fields remains poorly characterized. In this study,
anaerobic microcosms were established with arsenic-contaminated paddy soil to investigate arsenic
transformation as well as the potentially active microbial community and their transcriptional activities
in the presence of biochar. The results demonstrated that biochar can simultaneously stimulate microbial
reduction of As(V) and Fe(lII), releasing high levels of As(Ill) into the soil solution relative to the control.
Total RNAs were extracted to profile the potentially active microbial communities, which suggested that
biochar increased the abundance of arsenic- and iron-related bacteria, such as Geobacter, Anaeromyxobac-
ter and Clostridium compared to the control. Reverse transcription, quantitative PCR (RT-qPCR) showed
that the abundance of Geobacter transcripts were significantly stimulated by biochar throughout the incu-
bation. Furthermore, significant positive correlations were observed between the abundance of Geobacter
transcripts and As(V) concentrations, and between that of Clostridium transcripts and Fe(IlI) concentra-
tions in biochar-amended microcosms. Our findings suggest that biochar can stimulate the activity of
metal-reducing bacteria to promote arsenic mobility. The Geobacter may contribute to As(V) reduction
in the presence of biochar, while Clostridium has a role in Fe(IlI) reduction.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Arsenic contamination of paddy fields is of increasing concern
because of the threat it poses to food safety and human health
worldwide [1,2]. Intermittent flooding and draining cycles can sig-
nificantly affect the fate of arsenic in paddy fields. In particular, the
flooding conditions in paddy fields can lead to the release of As(III)
and its subsequent assimilation by rice plants [3,4]. It has been
found that the dietary intake of rice has become a major source of
arsenic in the human body [5,6]. Therefore, it is essential to under-
stand the mechanism of arsenic release in anoxic paddy soils for the
purpose of the remediation of arsenic-contaminated paddy fields.

Biochar, a carbon-rich solid product of the pyrolysis of organic
material under low oxygen conditions, has attracted much atten-
tion recently due to its agronomic and environmental benefits
[7-9]. The application of biochar to soil can enhance long-term
carbon sequestration, modify soil quality properties, and increase
crop yield [8,10]. Biochar also has a high pH, sorption capacity, sur-
face area, cation exchange capacity and micropore volume [11,12],
which enable it to be used for the removal of heavy metal contam-
inants from soils [13]. Furthermore, it has been demonstrated that
biochar can facilitate electron transfer, leading to the facilitation
of metal reactions [14-16]. In previous studies, biochar has had
either an enhanced [17] or a negligible [18,19] influence on arsenic
removal have been suggested using biochar. For instance, it has
been reported that soluble arsenic concentrations did not decline
after the addition of biochar to a contaminated soil for arsenic reme-
diation in a column leaching experiment [18]. Conversely, a great
increase in arsenic release was observed when biochar was applied
to contaminated sediment or paddy soil [20,21]. It was implied that
the enhanced arsenic release resulting from biochar amendment is
mainly due to the shift in the microbial community and an increase
in the abundance of Fe(Ill)-reducing bacteria [20,21].

Metal-reducing bacteria play a major role in controlling the
mobility of metal contaminants through metal respiration [22]. In
paddy fields, arsenic release is closely correlated with the redox
reactivity of iron oxides [23,24]. Briefly, in drained paddy fields,
the mobility of As(V) is low because Fe(Ill) (hydr) oxides can
highly adsorb As(V) and constrain arsenic mobility. However, under
flooding conditions, the microbially mediated Fe(IIl) reduction can
result in the release of adsorbed As(V) into solution, and con-
comitantly, both adsorbed and dissolved As(V) can be reduced
to As(Ill) by dissimilatory As(V)-reducing bacteria [25]. Some dis-
similatory As(V)-respiring bacteria are also iron-reducers, such as
Geobacter or Shewanella, which can simultaneously release Fe(II)
and As(III) [23,26]. According to 16S rRNA-based microbial com-
munity profiling (the present communities), different arsenic- and
iron-related members were identified in arsenic-contaminated soil
or sediment. For example, Clostridium, Bacillus and Caloramator
were predominant in arsenic-contaminated paddy soil amended
with biochar [21], whereas biochar amendment increased the
abundance of Geobacter, Anaeromyxobacter, Desulfosporosinus and
Pedobacter in arsenic-contaminated sediment [20]. An increasing
number of studies profile the microbial communities on the basis
of RNA (the potentially active communities) and the transcriptomic
activity, which is considered as a better indicator of microbial activ-
ity [27,28]. It is important to characterize the transcription activity
of potentially active arsenic-related microbial community in paddy
soil with biochar to better understand the effect of biochar on
arsenic transformation. However, the potential influence of biochar
amendment on transcriptional activity of microbial communities
and their functions is still unknown in arsenic-contaminated paddy
sails.

In the present study, anaerobic microcosms were established
using arsenic-contaminated paddy soil with biochar. The aims of
this study were: (i) to evaluate the potential impacts of biochar

amendment on arsenic biogeochemistry in anoxic paddy soils by
monitoring the dynamics of arsenic and iron speciation in biochar-
amended and biochar-free microcosms throughout the incubation;
(ii) to characterize the diversity and composition of the potentially
active microbial community during arsenic transformation using
high-throughput sequencing of the extracted total RNAs; and (iii) to
quantify the number of transcripts from major arsenic-related bac-
teria and their potential roles using RT-qPCR and further analysis
of the correlations between arsenic mobility and their transcripts.

2. Material and methods
2.1. Soil, biochar and microcosm preparation

The soil was collected from an arsenic-contaminated paddy field
in the area downstream of the Lianhua Mountain tungsten mine,
located in Shantou, Guangdong Province, China. The soil was ran-
domly collected from 3 to 5 sampling points in the paddy field and
mixed as a composite sample, then immediately transported to the
laboratory under ice and stored at 4 °C for further analysis. The fun-
damental chemical properties of the soil are shown in Table S1. The
biochar used in this study was made from oil palm fibers, sourced
from Malaysia. After air-dried, the oil palm fibers were charred at
700°C for 4 h in a muffle furnace using N, as the medium gas. The
pyrolysis temperature was raised to the desired values at a ramp
rate of 1.5°Cmin~'. Biochar was milled to pass a 2mm sieve and
stored in a drying oven for further analysis and incubation experi-
ments. The elemental composition of the biochar is presented in
Table S2. Fourier transform infrared (FT-IR) spectroscopy analy-
sis was conducted to characterize the surface functional groups of
biochar using methods described previously (Fig. S1) [29].

To simulate flooded conditions in the paddy field, the paddy
soil was incubated with deionized water at 30 °C for approximately
three weeks to activate the soil microbes and deplete the indige-
nous electron acceptors [30,31]. Anaerobic microcosm experiments
were set up in 120 ml serum vials with 70 ml liquid volume (30 mM
PIPES buffer, pH 7.3) and 7 g paddy soil (wet weight) at 30 °C under
an atmosphere of N, in the dark without shaking. For each cul-
ture, 1 ml1-! trace element solution, 1 ml1-! vitamin solution [32]
and 10 mM lactate were added. Three treatments were set up in
triplicate: (i) paddy soil amended with 3% (w/w) biochar (biochar-
amended), (ii) untreated paddy soil (control), and (iii) the sterile
control (sterilized by 50 kGy of gamma-ray irradiation). Biochar
was added at a ratio of 3% (w/w), which is reported to have greater
potential to increase soil C/N ratio and plant productivity compared
to a 1% application rate [33,34] and has been frequently chosen in
previous studies [20,21,35]. At each sampling period (day 0, 1, 2,
5, 10 and 20), three microcosms were removed and subjected to
destructive sampling for further arsenic and iron speciation, and
total RNA extraction.

2.2. Arsenic and iron speciation

After centrifugation (9000 rpm, 15 min), the supernatant of each
microcosm was passed through a sterilized 0.22 pm filter for anal-
ysis of aqueous arsenic speciation using hydride generation-atomic
fluorescence spectrometry (HG-AFS, Jitian AFS-820, Beijing, China)
by a previously described method [36]. The HPLC-HG-AFS sys-
tem consists of an LC-15C liquid chromatograph system (Shimadzu
Corporation, Japan) and an HG-AFS detection system (AFS-820,
Jitian, Beijing). The separation of the arsenicals was performed on a
Hamilton PRP-X 100 anion-exchange column (250 mm x 4.1 mm)
at 30°C with an isocratic elution by 15 mmol =1 (NH4 ), HPO, solu-
tion (adjusted to pH 6.0 with 10% HNOs solution, v/v) under a flow
rate of 1.0ml min~!. The hydride (arsine) was generated by reduc-
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tion with 7% HCl (v/v) solution and with freshly prepared 2.5% KBH,4
(w/v) stabilized in 0.5% KOH solution (w/v) at flow rates of 3.2 and
4.8 mlmin~1, respectively. After being separated by the gas-liquid
separator, the analytes in the gas phase were carried into the atom-
izer and detected by the atomic fluorescence detector. The pellets
were immediately frozen in liquid nitrogen and stored at —80°C
until RNA extraction. The concentrations of Fe(Il) and Fe(IIl) in the
soil solutions were quantified based on the method described [37].

2.3. RNA extraction and reverse transcription

Total RNA from the biochar-amended and control microcosms
was extracted at each time point (total 36 RNA extracts) using
the MoBio PowerSoil Total RNA Isolation Kit (Mio Bio Laborato-
ries, Inc., USA) according to the instructions of the manufacturer.
The RNA was reverse transcribed using a PrimeScript RT reagent
kit with gDNA Eraser (Takara, Shiga, Japan) to eliminate the possi-
bility of genomic DNA contamination following the manufacturer’s
instructions.

2.4. Illumina sequencing of the potentially active bacterial
communities

To characterize the composition of the potentially active micro-
bial communities in the biochar and control microcosms, cDNA
samples from 3 replicates at each sampling time (total 36 cDNA)
were subjected to high-throughput sequencing targeting the V4
regions 16S rRNA gene (amplified using primers 515F and 806R).
The primer 806R included the Illumina sequencing adapter, a
12-bp barcode (unique to each sample), and a CC linker [38].
All of the amplifications were performed in 50 pl reactions con-
taining 25 .l 2 x Ex Taq MasterMix (Takara, Shiga, Japan), 0.2 uM
of each primer, 6 mM of bovine serum albumin (BSA) and c.
10ng of total cDNA. The PCR products were purified using an
EZNA Gel Extraction Kit (Omega Bio-Tek, Doraville, GA, USA).
The concentrations were quantified using a Qubit 3.0 Fluorome-
ter (Invitrogen, NY, USA). Paired-end sequencing was performed
on an Illumina MiSeq 2500 sequencing platform (Illumina, San
Diego, CA, USA) at Biomarker Technologies CO., LTD, Beijing, China
(http://www.biomarker.com.cn/).

2.5. Quantification of transcripts with real-time PCR

Quantification of the transcripts of the bacterial 16S rRNA gene,
Geobacter, Shewanella, Clostridium and Anaeromyxobacter was per-
formed on an iQ™5 Multicolor Real-Time PCR Detection System
(Bio-Rad, USA) using the SYBR Green [ detection method. Each
20 ul qPCR mixture contained 10 wl of 2 x IQ™ SYBR® Green
Supermix (Bio-Rad, USA), 0.2 wM of each primer and 1 pl of
cDNA (10ng). For each reaction, the primers of 338F/518R (16S
rRNA)[39,40], Geo494F/Geo825R (Geobacter)[41], Chis150f/ClostIr
(Clostridium)[42], FAc12-66F/FAc12-432R (Anaeromyxobacter) [43]
and She120F/She220R (Shewanella) [44], were used, respectively.
Details describing the qPCR and primers used for each reaction are
in Table S3. All of the qPCR assays were run in triplicates. The plas-
mid pGEM-T Easy Vector (Promega, Madison, WI, USA) was used in
the cloning of specific fragments to establish standard curves [45].
The plasmid DNA was extracted using an EZNA Plasmid Mini Kit
I (Omega Bio-Tek, Doraville, GA, USA) and the concentration was
determined using a Qubit 3.0 Fluorometer.

2.6. High-throughput sequencing data processing and statistical
analysis

The sequencing data were analyzed using the Quantitative
Insights Into Microbial Ecology (QIIME 1.8.0) toolkit [46]. After

removing low quality or ambiguous reads, high-quality paired-
end reads were made using the FLASH (Fast Length Adjustment
of Short reads) [47]. Operational taxonomic units (OTUs) were
defined at the 97% sequence similarity level by UCLUST [48]. Rep-
resentative sequences were chosen for each OTU [49], and the
taxonomic assignment was performed using an RDP classifier [50].
The alpha diversity indices, including observed species, chaol,
PD_whole tree, Shannon and Simpson were calculated using QIIME.
Both unweighted and weighted UniFrac metrics were performed
for the principle coordinates analysis (PCoA) [51]. The 16S rRNA
gene sequence datasets were submitted to the NCBI Sequence Read
Archive (SRA) (BioProject accession number PRJINA355907).

The data are presented as the mean + standard deviation (SD).
The statistical significance of the differences between the biochar
and control microcosms was determined via one-way analysis of
variance (ANOVA) followed by Duncan’s multiple range tests in
SPSS 22.0, and P<0.05 was considered to be statistically signif-
icant. The correlation analysis was conducted using the Pearson
and Spearman correlation at the significance level of P<0.05 (two-
tailed) using SPSS 22.0.

3. Results and discussion
3.1. Arsenic and iron release

Fig. 1 illustrates the transformation of arsenic and iron in dif-
ferent samples over the course of the 20 days of incubation. After
the incubation of the paddy soil with biochar under anoxic con-
ditions, a rapid increase in dissolved Fe(Ill) was observed on day
1, and then gradually declined (Fig. 1a); and the concentrations of
dissolved Fe(Il) increased successively throughout the incubation,
reaching 4.7 mgl-! on day 20 (Fig. 1a), which is approximately a
2-fold increase relative to the control level of 2.3 mgl-! (Fig. 1b).
This suggests that the Fe(lll) reduction in the anoxic paddy soil
was stimulated by biochar. Similarly, dissolved As(V) was higher
in the biochar-amended microcosms than in the control, indicat-
ing that biochar can enhance the desorption or release of As(V) from
paddy soil (Fig. 1a-b). The dissolved As(III) in the biochar-amended
microcosms increased up to approximately 3-fold higher over
the control (biochar-amended: 3.2mgl-!; control: 0.88mgl-1)
on day 20 (Fig. 1a-b). Furthermore, the concentrations of As(III)
tracked closely with those of Fe(Il) over the incubation period in
the biochar-amended microcosms, implying that the reduction of
Fe(IlI) and As(V) occurs simultaneously in the presence of biochar.
In sterile microcosms (sterilized by gamma irradiation), no signif-
icant release of arsenic or iron was observed over the incubation
period (Fig. 1c), suggesting that the reduction of arsenic and iron
was microbially driven.

It has been reported that biochar amendment can increase the
soil pH due to its alkaline effect, which may further increase arsenic
release [52]. In this study, the pH of different microcosms did not
significantly change throughout the incubation (pH 7.4-7.5), sug-
gesting that the pH effect of biochar on arsenic transformation is
negligible. The reductive dissolution of Fe(Ill) (hydr) oxide plays
a unique role in arsenic release [25,53]. Paddy fields usually con-
tain abundant levels of iron oxides, in which Fe(Ill) reduction is
usually accompanied by an increase in As(V) release [21,25,53].
Due to its high content of aromatic carbon structures, biochar
can function as electron shuttles like humic substances, thereby
accelerating the reduction of Fe(Ill) oxides [15,54]. Accordingly,
the stimulated release of arsenic from arsenic-contaminated sedi-
ments or paddy soils through biochar amendment was attributed
to enhanced Fe(IIl) reduction [20,21]. In this study, the reduction
of As(V) and Fe(Ill) increased stimultaneously over the incubation
period after the addition of biochar (Fig. 1). These results suggested
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(b) control

5 (a) biochar-amended

(c) sterile control
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Fig. 1. The concentrations of dissolved As(III)/As(V), and dissolved Fe(Il)/Fe(Ill) from the paddy soils in different treatments over the course of the incubation period in the
(a) biochar-amended (the biochar-amended microcosms), (b) control (the biochar-free microcosms), and (c) sterile control. Bars represent standard errors (n=3).

that microbial Fe(IlI) reduction was coupled with the arsenic reduc-
tion and release in the presence of biochar, both of which showed
positive responses to the addition of biochar. Additionally, it can
be speculated that biochar amendment also enhances the micro-
bial reduction of As(V), likely due to the electron transfer capacity of
biochar (electron shuttle), releasing high levels of As(IIl) and Fe(II)
to soil solutions.

3.2. Composition of the potentially active bacterial community

After quality filtering, a total of 1,285,803 bacterial 16S rRNA
sequences were obtained, with an average of 34,751 sequences
for each sample, generating 5134 OTUs at the 97% similarity level
(Table S4). Rarefaction analysis showed that the accumulation of
observed species did not reach a clear saturation, indicating that
even at the sequencing depth of 12,500, the diversity of soil bacteria
had partially covered (Fig. S2). There were no significant differ-
ences in the alpha diversity indices (observed species, chaol, PD
whole tree, Shannon and Simpson) between the biochar-amended
and control microcosms at the same sequencing depth (12,500
sequences per sample) (Table S4), which suggests that biochar
amendment had a negligible influence on the bacterial community
diversity in the tested paddy soil.

Within the domain Bacteria, 16 distinct active phyla and classes
were detected (with a relative abundance > 1% in at least one sam-
ple). The abundant bacterial communities were S-Proteobacteria
(biochar-amended: 25-39%; control: 19-43%), 6-Proteobacteria
(21-39%; 13-27%), y-Proteobacteria (2-11%; 2-7%), Actinobacteria
(2-3%; 2-6%) and Acidobacteria (3-7%; 2-4%) in both the biochar
and control microcosms over the incubation period (Fig. 2). The
abundance of Firmicutes increased significantly from 1% (biochar-
amended) and 14% (control) on day 0-11-30% (biochar-amended)
and 28-41% (control) within the first two days, respectively, and
then rapidly declined to 3-4% over the rest of the incubation period.
The difference in the abundance of Firmicutes between biochar-
amended and control microcosms on day O can be reasonably
attributed to changes in transcriptional-level response induced by
biochar. This finding demonstrates that the transcriptomic analy-
sis is a powerful approach to reflect the physiological activity of
microbial population.

At the genus level, 14 active genera were detected with rel-
ative abundance >1% in at least one sample. Azoarcus (4-27%),
Geobacter (2-17%) and Anaeromyxobacter (4-9%) represented the
dominant active bacteria in both the biochar-amended and con-
trol microcosms throughout the incubation period (Fig. 3). A high
abundance of Azoarcus was observed in both treatments (biochar-
amended: 4-27%; control: 5-27%), indicating that Azoarcus was the
indigenous soil bacteria and that it may be associated with arsenic
and iron transformation. Members of Azoarcus are known to be
capable of performing nitrogen-fixation or denitrification, without
any Fe(lll) or As(V) respiration previously recorded [55]. How-
ever, results of whole-genome sequencing have demonstrated that
many Azoarcus species contained the ars operon in their genomes
[56-59]. In fact, previous studies have reported that Azoarcus can
frequently be identified by targeting the 16S rRNA gene when trying
toisolate arsenic-resistant bacteria with high arsenic concentration
[60]. It remains to be clarified whether there is a direct association
between Azoarcus members and arsenic/iron reduction. Consider-
ing the uncertainty surrounding the effects of the Azoarcus on As(V)
reduction and the difficulty in universal primer design, we did not
quantify the number of transcripts from Azoarcus in this study.

The second most abundant genus is Geobacter. Compared to
the control (2-11%), the abundance of Geobacter (8-17%) was sig-
nificantly increased by biochar throughout the incubation period
(Fig. 3). Members of the Geobacter genus are the dominant Fe(IIl)-
reducing bacteria in a variety of anoxic subsurface environments
and have been shown to be involved in the bioremediation of
both organic and metal contaminants including arsenic [22,23].
The presence of some Geobacter species such as Geobacter urani-
ireducens Rf4, Geobacter lovleyi SZ and Geobacter sp. OR-1, has been
frequently reported to be found in arsenic-rich sediments or soils
[23,61-63]. These results demonstrated that Geobacter could play
an important role in arsenic transformation in flooded paddy soils.

Regarding Anaeromyxobacter, another dominant active genus,
the biochar amendment slightly increased its abundance (5-9%)
relative to the control (3-7%), with no significant differ-
ences observed between these two treatments (Fig. 3). The
Anaeromyxobacter genus can utilize metals, including Fe(Ill) and
uranium, as electron acceptors for respiration [44,64]. A dissimila-
tory As(V)-reducing bacterium, Anaeromyxobacter sp. strain PSR-1,
was isolated from the contaminated soil [65], which demonstrated
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that the Anaeromyxobacter could also involve in As(V) reduction.
Additionally, a large increase in the abundance of Clostridium was
also observed in the biochar-amended and control microcosms on
day 1 (28-39%) and day 2 (9-15%), followed by a rapid decreased
to 1-2% over the remaining incubation period (Fig. 3). Members
of Clostridium are known to be fermentative bacteria and are also
capable of reducing a range of metals, including arsenic and iron
[66]; this suggests that Clostridium could also affect arsenic and
iron transformation in flooded paddy soils. Thus, the addition of
biochar to the flooded paddy soils can increase the abundance
of active arsenic and iron-related bacteria such as Geobacter and
Anaeromyxobacter, releasing As(Ill) into the soil solution. In flooded
paddy soils, Clostridium was the dominant indigenous active bacte-
ria that could be involved in As(V) and Fe(Ill) reduction. As for the
Azoarcus, its influence on As(V) reduction and release has remained
unclear, although it was also represented as an abundant indige-
nous active bacteria.

In this study, biochar increased the abundance of arsenic- and
iron-related bacteria, such as Geobacter, Anaeromyxobacter and
Clostridium. One of the possible reasons for this is that biochar
has porous structure and large specific surface area, which can
enhance the probability of contact between bacteria and organic
nutrients by providing a good habitat or surface [67,68]. In addi-
tion, another key aspect is the feature of biochar’s electron transfer
capacity, which can also stimulate the activity of As(V)- and Fe(III)-
reducing bacteria [20,69]. Due to its condensed aromatic structures
and quinine/hydroquinone moieties, biochar can facilitate electron
transfer from microbes to terminal electron acceptor [15,70]. The
biochar used in this study had a high C/H ratio (>55), which sug-
gests that the biochar may have a high C aromaticity [71] and a high
electron accepting capacity [72]. The FTIR spectrum of the biochar
suggested the presence of aryl carbonyl carbon group (C=0) at
1653 cm~! and methyl group (C—H) at 1385 cm~1 [73,74] (Fig. S1),
again demonstrating that it has the potential in facilitating electron
transfer.

3.3. Transcriptions of the potentially active metal-reducing
bacteria

In this study, the four genera of Geobacter, Clostridium,
Anaeromyxobacter,and Shewanella were selected for transcriptomic
analysis using RT-qPCR. Geobacter, Clostridium and Anaeromyxobac-
ter were selected for their (i) high relative abundance in both
biochar-amended and control microcosms, and (ii) capacity for
As(V) and Fe(Ill) reduction under anoxic conditions [23,44,66].
Although the Shewanella genus was not detected in this study, it
is a well-known Fe(Ill)-reducing genus and some members could
also respire As(V) [22,75]; therefore, this genus was also selected.

To minimize the variances in background bacterial abun-
dances, and extraction and analytical efficiencies, the absolute
transcript copy number of Geobacter, Clostridium, Anaeromyxobac-
ter, and Shewanella were normalized to those of ambient 16S rRNA
genes in the individual microcosm (Fig. S3). The relative abun-
dance of transcripts for Geobacter were significantly higher in
biochar microcosms (0.6-3.6 x 10~2) than in control microcosms
(0.3-3.1 x 1073) over the incubation period (Fig. 4a). The relative
transcript abundance of Clostridium rapidly reached its maximum
onday 1 (4.3 x 10°), and then gradually declined for the rest of the
incubation, with higher transcripts observed in biochar-amended
microcosms than in control late in the incubation (10-20days)
(Fig. 4b). The relative abundance of Anaeromyxobacter transcripts
tended to be higher in biochar-amended microcosms than in the
control, except for on day 5 and day 20 (Fig. 4c). Additionally,
biochar significantly increased the transcript copies of Shewanella
over the first two days of the incubation (5.5 x 10~4) relative to
the control (1.5 x 10~%) (Fig. 4d). Overall, the addition of biochar to
arsenic-contaminated paddy soil significantly stimulated the tran-
scriptional activities of Geobacter. Furthermore, biochar also has a
positive impact on the transcriptions of Anaeromyxobacter and She-
wanella in the early stages of incubation, while Clostridium exhibits
the reverse behavior.
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Table 1 illustrates the potential correlation between the rel-
ative abundance of individual transcripts and dissolved As(V)
or Fe(Ill) concentrations throughout the incubation. There was
a significantly strong positive correlation between the num-
ber of Geobacter transcripts and dissolved As(V) concentrations
in biochar-amended microcosms (Pearson’s correlation r=0.985,

P<0.001)and Spearman’s correlation R=1 (P<0.001), while no sig-
nificant correlation was found in the control (Table 1 and Fig. S4).
Additionally, transcript abundances of Clostridium, Anaeromyxobac-
ter and Shewanella did not correspond well with dissolved As(V)
concentrations throughout the incubation in biochar-amended
or control microcosms. There were no significant correlations
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Table 1

Pearson and Spearman correlation matrix for transcripts levels of Geobacter, Clostridium, Anaeromyxobacter and Shewanella normalized to 16S rRNA gene, dissolved As(V)

and dissolved Fe(III) in biochar-amended and control microcosms.

Treatments Dissolved As(V)

Dissolved Fe(III)

biochar-amended

control

biochar-amended control

Pearson correlation
Geobacter[16S rRNA
Clostridium/16S rRNA
Anaeromyxobacter|/16S rRNA
Shewanella/16S rRNA

0.985**(P <0.001)
~0.351 (P=0.495)
0.427 (P=0.399)
0.046 (P=0.930)

Spearman’s correlation
Geobacter/16S rRNA
Clostridium/16S rRNA
Anaeromyxobacter/16S rRNA
Shewanella/16S rRNA

1.000** (P <0.001)
~0.086 (P=0.872)
0.486 (P=0.329)
0.371 (P=0.468)

0.343 (P=0.505)
~0.350 (P=0.496)
0.575 (P=0.232)
0.246 (P=0.638)

~0.257 (P=0.623)
~0.143 (P=0.787)
0.543 (P=0.266)

~0.029 (P=0.957)

0.201 (P=0.702)
0.593 (P=0.215)
0.382 (P=0.455)
0.246 (P=0.638)

~0.257 (P=0.623)
~0.143 (P=0.787)
0.543 (P=0.266)

—0.029 (P=0.957)

0.086 (P=0.872)
0.829* (P=0.042)
0.600 (P=0.208)
0.029 (P=0.957)

0.771 (P=0.072)
0.600 (P=0.208)
0.371 (P=0.468)
—0.600 (P=0.208)

between the abundance of transcripts for Geobacter and dissolved
Fe(Ill) in biochar-amended microcosms (Table 1). In contrast, the
number of transcripts from Clostridium had a significant positive
correction with Fe(Ill) in biochar-amended microcosms (Spear-
man’s correlation R=0.829 (P<0.05)) (Table 1 and Fig. S5). Similar
to dissolved As(V), the abundance of transcripts for Anaeromyxobac-

ter and Shewanella did not correspond well with dissolved Fe(III)
concentrations in the biochar and control microcosms (Table 1).
Thus, in the presence of biochar in anaerobic paddy soil, members
of Geobacter and Clostridium can rapidly respond to As(V) and Fe(III)
concentrations by improving their transcripts.
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In fact, Geobacter species have frequently been detected based
on microbial community analysis of the sequences of 16S rRNA or
dissimilatory As(V)-reducing gene in arsenic-rich sediments from
South and Southeast Asia [20,21,61-63,76,77]. Genome sequencing
of Geobacter uraniireducens Rf4, Geobacter lovleyi SZ and Geobacter
sp. OR-1 demonstrated that they all possess the arr operon for As(V)
respiration [78-80]. Additionally, direct evidence for As(V) respira-
tion by Geobacter sp. OR-1 isolated from paddy soil has been verified
[23]. Thus, our results indicate that Geobacter should primarily par-
ticipate in the reduction of As(V) in the presence of biochar. While
some species of the Clostridium genus can utilize As(V) as an elec-
tron acceptor for respiration, such as Clostridium sp. OhiLAs [81],
many isolates from this genus have been identified as dissimila-
tory Fe(Ill)-reducing bacteria, such as Clostridium beijerinckii [82],
Clostridium butyricum [83] and Clostridium saccarobutylicum BS2
[84]. In this study, the abundance of Clostridium transcripts closely
tracked only with dissolved Fe(Ill) concentrations in the presence
of biochar, indicating that Clostridium is mainly involved in Fe(III)
reduction.

4. Conclusions and implications

Our study demonstrated that the addition of biochar to
arsenic-contaminated paddy soils can simultaneously enhance
the microbial reduction of As(V) and Fe(lll), releasing high lev-
els of As(Ill) into the soil solution under anoxic conditions.
Biochar amendment increased the relative abundance of the
potentially active arsenic- and iron-related bacteria, such as
Geobacter, Anaeromyxobacter and Clostridium. Furthermore, biochar
stimulated the transcriptional activities of the potentially active
metal-reducing bacteria, particularly the Geobacter. The Geobacter
plays a major role in the reduction of As(V) and the Clostridium
predominantly participates in Fe(III) reduction.

Based on previous studies, the effect of biochar amendment on
arsenic mobility is complicated. As(IIl) was effectively immobilized
using sludge-derived biochar via adsorption [85], while biochar
did not influence arsenic removal from water [17,18]. Our results
and a recent study demonstrated that the application of biochar to
arsenic-contaminated paddy soils can lead to an increase in arsenic
reduction and release [21]. In contrast to the previous study, we
used a transcriptomic approach to evaluate the effect of biochar on
the arsenic-related microbial community and their transcriptional
activities during arsenic transformation. The results obtained in this
study demonstrated the roles of different potentially active metal-
reducing bacteria in arsenic release from an arsenic-contaminated
paddy soil amended with biochar. Because As(Ill) commonly exists
as uncharged molecules (H3AsO3?) at a pH of most natural environ-
ments and is much less adsorptive than negatively charged As(V)
(HyAs04~, HAsO42) [86,87], the microbial reduction of As(V) con-
tained in soils can lead to the mobilization and release of As(III)
into the aqueous phase [88,89]. Thus, it appears possible that to
use microbial reduction of As(V) to mobile As(IIl) as a technique
for promoting the removal of As from arsenic-contaminated soils
[90]. In fact, using quinone compounds such as anthraquione-2,6-
disulfonate (AQDS) to improve the removal efficiency of arsenic
by a dissimilatory arsenate-reducing bacterium have showed great
potential for application in arsenic bioremediation of industrially
contaminated soils [91]. Furthermore, it is verified that the natu-
ral occurring electron shutting mediator, biogenic riboflavin that
could also stimulate soil microbial community for arsenic removal
can be used as a remediation strategy for arsenic-contaminated
soils [92]. In our study, biochar addition to arsenic-contaminated
paddy soils significantly stimulated microbial arsenic reduction,
releasing amounts of mobilized As(Ill) into soil solution (Fig. 1).
Although dissolved As(Ill) in the biochar-amended microcosms

was about 32mgkg~!, which only accounted for 10% of the ini-
tial soil-solid arsenic (300 mgkg~1) (Table S1), it may still have
the potential for arsenic removal after optimizing the application
ratio of biochar, production temperature and biomass material in
future. In addition, considering the fact that rice is particularly effi-
cient in accumulating As(III) with high toxicity and mobility, high
concentrations of dissolved As(Ill) resulting from biochar amend-
ment under anoxic conditions may increase arsenic bioavailability
torice plants. According to a previous pot trial with rice and biochar,
biochar amendments significantly increased pore water concentra-
tions of arsenic, and rice shoot concentrations of arsenic increased
by up to 327% due to biochar amendment [93]. Hence, further
evaluation of the effects of biochar amendment on arsenic biogeo-
chemistry and bioaccumulation should be conducted, considering
the functional microbial community and arsenic-related genes and
their correlations with biochar amendment. At present, the appli-
cation of biochar to arsenic-contaminated paddy soil should be
carefully considered, particularly for flooded paddy soil with rice.

Conflict of interest

We have no conflict of interest to declare.

Acknowledgements

This work was supported by the National Science Foundation of
China (41330857), the Guangdong Natural Science Funds for Dis-
tinguished Young Scholars (2017A030306010), the SPICC Program
(Scientific Platform and Innovation Capability Construction Pro-
gram of GDAS) and Guangdong Innovative Technique Foundations
(2015B020207001 and 2015B020237008).

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at https://doi.org/10.1016/j.jhazmat.2017.11.
025.

References

[1] B.K. Mandal, K.T. Suzuki, Arsenic round the world: a review, Talanta 58 (2002)
201-235.

[2] A.A. Meharg, M.M. Rahman, Arsenic contamination of Bangladeshi paddy field
soils: implications for rice contribution to arsenic consumption, Environ.
Sci.Technol. 37 (2003) 229-234.

[3] Y.H. Sy, S.P. McGrath, F.-]. Zhao, Rice is more efficient in arsenite uptake and
translocation than wheat and barley, Plant. Soil. 328 (2009) 27-34.

[4] Y. Takahashi, R. Minamikawa, K.H. Hattori, K. Kurishima, N. Kihou, K. Yuita,
Arsenic behavior in paddy fields during the cycle of flooded and non-flooded
periods, Environ. Sci. Technol. 38 (2004) 1038-1044.

[5] G.Li, G.X. Sun, P.N. Williams, L. Nunes, Y.G. Zhu, Inorganic arsenic in Chinese
food and its cancer risk, Environ. Int. 37 (2011) 1219-1225.

[6] D. Mondal, D.A. Polya, Rice is a major exposure route for arsenic in Chakdaha
block, Nadia district, West Bengal, India: a probabilistic risk assessment, Appl.
Geochem. 23 (2008) 2987-2998.

[7] S.Khan, C. Chao, M. Waqas, H.P.H. Arp, Y.G. Zhu, Sewage sludge biochar
influence upon rice (Oryza sativa L) yield, metal bioaccumulation and
greenhouse gas emissions from acidic paddy soil, Environ. Sci. Technol. 47
(2013) 8624-8632.

[8] J. Lehmann, A handful of carbon, Nature 447 (2007) 143-144.

[9] J. Lehmann, M.C. Rillig, J. Thies, C.A. Masiello, W.C. Hockaday, D. Crowley,
Biochar effects on soil biota-a review, Soil. Biol. Biochem. 43 (2011)
1812-1836.

[10] J.M. Novak, K.B. Cantrell, D.W. Watts, W.]. Busscher, M.G. Johnson, Designing
relevant biochars as soil amendments using lignocellulosic-based and
manure-based feedstocks, ]. Soil. Sediment. 14 (2014) 330-343.

[11] S.]Jeffery, V. Fga, d.V.M. Van, A.C. Bastos, A quantitative review of the effects of
biochar application to soils on crop productivity using meta-analysis, Agr.
Ecosyst. Environ. 144 (2011) 175-187.

[12] R.S. Kookana, The role of biochar in modifying the environmental fate,
bioavailability, and efficacy of pesticides in soils: a review, Aust. ]. Soil. Res. 48
(2010) 627-637.


https://doi.org/10.1016/j.jhazmat.2017.11.025
https://doi.org/10.1016/j.jhazmat.2017.11.025
https://doi.org/10.1016/j.jhazmat.2017.11.025
https://doi.org/10.1016/j.jhazmat.2017.11.025
https://doi.org/10.1016/j.jhazmat.2017.11.025
https://doi.org/10.1016/j.jhazmat.2017.11.025
https://doi.org/10.1016/j.jhazmat.2017.11.025
https://doi.org/10.1016/j.jhazmat.2017.11.025
https://doi.org/10.1016/j.jhazmat.2017.11.025
https://doi.org/10.1016/j.jhazmat.2017.11.025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0005
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0010
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0015
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0020
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0025
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0030
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0035
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0040
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0040
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0040
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0040
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0040
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0040
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0040
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0040
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0040
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0040
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0040
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0040
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0045
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0050
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0055
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0060

966 J.-t. Qiao et al. / Journal of Hazardous Materials 344 (2018) 958-967

[13] XK. Zhang, H.L. Wang, L.Z. He, K.P. Lu, A. Sarmah, J.W. Li, N.S. Bolan, ].C. Pei,
H.G. Huang, Using biochar for remediation of soils contaminated with heavy
metals and organic pollutants, Environ. Sci. Pollut. R. 20 (2013) 8472-8483.

[14] S.D. Joseph, M. Campsarbestain, Y. Lin, P. Munroe, C.H. Chia, J. Hook, L.V.
Zwieten, S. Kimber, A. Cowie, B.P. Singh, An investigation into the reactions of
biochar in soil, Aust. J. Soil. Res. 48 (2010) 501-515.

[15] A. Kappler, M.L. Wuestner, A. Ruecker, J. Harter, M. Halama, S. Behrens,
Biochar as an electron shuttle between bacteria and Fe(IIl) minerals, Environ.
Sci. Technol. Lett. 1 (2014) 339-344.

[16] L. Kliipfel, M. Keiluweit, M. Kleber, M. Sander, Redox properties of plant
biomass-derived black carbon (biochar), Environ. Sci. Technol. 48 (2014)
5601-5611.

[17] E. Agrafioti, D. Kalderis, E. Diamadopoulos, Arsenic and chromium removal
from water using biochars derived from rice husk, organic solid wastes and
sewage sludge, . Environ. Manage. 133 (2014) 309-314.

[18] L. Beesley, M. Marmiroli, The immobilisation and retention of soluble arsenic,
cadmium and zinc by biochar, Environ. Pollut. 159 (2011) 474-480.

[19] L. Beesley, M. Marmiroli, L. Pagano, V. Pigoni, G. Fellet, T. Fresno, T. Vamerali,
M. Bandiera, N. Marmiroli, Biochar addition to an arsenic contaminated soil
increases arsenic concentrations in the pore water but reduces uptake to
tomato plants (Solanum lycopersicum L.), Sci. Total Environ 454-455 (2013)
598-603.

[20] Z. Chen, Y.P. Wang, D. Xia, X.L. Jiang, D. Fu, L. Shen, H.T. Wang, Q.B. Li,
Enhanced bioreduction of iron and arsenic in sediment by biochar
amendment influencing microbial community composition and dissolved
organic matter content and composition, J. Hazard. Mater. 311 (2016) 20-29.

[21] N. Wang, X.M. Xue, A.L. Juhasz, Z.Z. Chang, H.B. Li, Biochar increases arsenic
release from an anaerobic paddy soil due to enhanced microbial reduction of
iron and arsenic, Environ. Pollut. 220 (2017) 514-522.

[22] M.P. Watts, ].R. Lloyd, Bioremediation via microbial metal reduction, in: J.
Gescher, A. Kappler (Eds.), Microbial Metal Respiration, Springer-Verlag Inc.,
Berlin, 2013, pp. 161-201.

[23] T. Ohtsuka, N. Yamaguchi, T. Makino, K. Sakurai, K. Kimura, K. Kudo, E.
Homma, D.T. Dong, S. Amachi, Arsenic dissolution from Japanese paddy soil
by a dissimilatory arsenate-reducing bacterium Geobacter sp. OR-1, Environ.
Sci. Technol. 47 (2013) 6263-6271.

[24] S. Yamamura, S. Amachi, Microbiology of inorganic arsenic: from metabolism
to bioremediation, J. Biosci. Bioeng. 118 (2014) 1-9.

[25] R.S. Oremland, J.F. Stolz, Arsenic, microbes and contaminated aquifers, Trends.
Microbiol. 13 (2005) 45-49.

[26] C.W. Saltikov, R.A. Wildman Jr., D.K. Newman, Expression dynamics of arsenic
respiration and detoxification in Shewanella sp. strain ANA-3, . Bacteriol. 187
(2005) 7390-7396.

[27] L. Giloteaux, D.E. Holmes, K.H. Williams, K.C. Wrighton, M.J. Wilkins, A.P.
Montgomery, J.A. Smith, R. Orellana, C.A. Thompson, T.J. Roper,
Characterization and transcription of arsenic respiration and resistance genes
during in situ uranium bioremediation, ISME J. 7 (2013) 370-383.

[28] R.L. Barnard, C.A. Osborne, M.K. Firestone, Responses of soil bacterial and
fungal communities to extreme desiccation and rewetting, ISME J. 7 (2013)
2229-2241.

[29] CF.Zhang, A. Katayama, Humin as an electron mediator for microbial
reductive dehalogenation, Environ. Sci. Technol. 46 (2012) 6575-6583.

[30] T. Lueders, M. Friedrich, Archaeal population dynamics during sequential
reduction processes in rice field soil, Appl. Environ. Microbiol. 66 (2000)
2732-2742.

[31] T.Lueders, M.W. Friedrich, Effects of amendment with ferrihydrite and
gypsum on the structure and activity of methanogenic populations in rice
field soil, Appl. Environ. Microbio. 68 (2002) 2484-2494.

[32] R.A. Bruce, L.A. Achenbach, ].D. Coates, Reduction of (per)chlorate by a novel
organism isolated from paper mill waste, Environ. Microbiol. 1 (1999)
319-329.

[33] J. Paz-Ferreiro, S. Fu, A. Méndez, G. Gasco, Interactive effects of biochar and
the earthworm Pontoscolex corethrurus on plant productivity and soil
enzyme activities, J. Soil. Sediment. 14 (2014) 483-494.

[34] S.Kloss, F. Zehetner, B. Wimmer, J. Buecker, F. Rempt, G. Soja, Biochar
application to temperate soils: effects on soil fertility and crop growth under
greenhouse conditions, . Plant. Nutr. Soil. Sc. 177 (2014) 3-15.

[35] J. Paz-Ferreiro, C. Liang, S. Fu, A. Mendez, G. Gasco, The effect of biochar and
its interaction with the earthworm Pontoscolex corethrurus on soil microbial
community structure in tropical soils, PLoS One 10 (2015) e0124891.

[36] Y. Zhang, S. Qiang, J. Sun, M. Song, T. Hang, Liquid chromatography-hydride
generation-atomic fluorescence spectrometry determination of arsenic
species in dog plasma and its application to a pharmacokinetic study after
oral administration of Realgar and Niu Huang Jie Du Pian, . Chromatogr. B
$917-918 (2013) 93-99.

[37] D.R. Lovley, E.J.P. Phillips, Novel mode of microbial energy metabolism:
organic carbon oxidation coupled to dissimilatory reduction of iron or
manganese, Appl. Environ. Microbiol. 54 (1988) 1472-1480.

[38] J.G. Caporaso, C.L. Lauber, W.A. Walters, D. Berglyons, C.A. Lozupone, P.].
Turnbaugh, N. Fierer, R. Knight, Global patterns of 16S rRNA diversity at a
depth of millions of sequences per sample, Proc. Natl. Acad. Sci. U. S. A. 108
(2011) 4516-4522.

[39] J. Einen, LH. Thorseth, L. Ovreas, Enumeration of Archaea and Bacteria in
seafloor basalt using real-time quantitative PCR and fluorescence microscopy,
FEMS Microbiol. Lett. 282 (2008) 182-187.

[40] M.A. Nadkarni, F.E. Martin, N.A. Jacques, N. Hunter, Determination of bacterial
load by real-time PCR using a broad-range (universal) probe and primers set,
Microbiology 148 (2002) 257-266.

[41] D.E. Holmes, K.T. Finneran, R.A. O'Neil, D.R. Lovley, Enrichment of members of
the family Geobacteraceae associated with stimulation of dissimilatory metal
reduction in uranium-contaminated aquifer sediments, Appl. Environ.
Microbiol. 68 (2002) 2300-2306.

[42] C.H.Hung, C.H. Cheng, L.H. Cheng, C.M. Liang, C.Y. Lin, Application of
Clostridium-specific PCR primers on the analysis of dark fermentation
hydrogen-producing bacterial community, Int. J. Hydrogen. Energ. 33 (2008)
1586-1592.

[43] N.Treude, D. Rosencrantz, W. Liesack, S. Schnell, Strain FAc12, a dissimilatory
iron-reducing member of the Anaeromyxobacter subgroup of Myxococcales,
FEMS Microbiol. Ecol. 44 (2003) 261-269.

[44] D.W. Himmelheber, S.H. Thomas, F.E. LoFfler, F.E. Ffler, T. Martial, ].B. Hughes,
Microbial colonization of an in situ sediment cap and correlation to stratified
redox zones, Environ. Sci. Technol. 43 (2009) 66-74.

[45] H.J. Xu, X.H. Wang, H. Li, H.Y. Yao, J.Q. Su, Y.G. Zhu, Biochar impacts soil
microbial community composition and nitrogen cycling in an acidic soil
planted with rape, Environ. Sci. Technol. 48 (2014) 9391-9399.

[46] ].G. Caporaso, J. Kuczynski, ]. Stombaugh, K. Bittinger, F.D. Bushman, E.K.
Costello, N. Fierer, A.G. Pen"a, ].K. Goodrich, ].I. Gordon, G.A. Huttley, S.T.
Kelley, D. Knights, J.E. Koenig, R.E. Ley, C.A. Lozupone, D. Mcdonald, B.D.
Muegge, M. Pirrung, J. Reeder, J.R. Sevinsky, P.J. Turnbaugh, W.A. Walters, J.
Widmann, T. Yatsunenko, J. Zaneveld, R. Knight, QIIME allows analysis of
high-throughput community sequencing data, Nat. Methods 7 (2010)
335-336.

[47] T. Magoc, S.L. Salzberg, FLASH: fast length adjustment of short reads to
improve genome assemblies, Bioinformatics 27 (2011) 2957-2963.

[48] R.C. Edgar, Search and clustering orders of magnitude faster than BLAST,
Bioinformatics 26 (2010) 2460-2461.

[49] ].G. Caporaso, K. Bittinger, F.D. Bushman, T.Z. Desantis, G.L. Andersen, R.
Knight, PyNAST: a flexible tool for aligning sequences to a template
alignment, Bioinformatics 26 (2010) 266-267.

[50] J.R. Cole, B. Chai, R}. Farris, Q. Wang, S.A. Kulam, D.M. Mcgarrell, G.M. Garrity,
J.M. Tiedje, The Ribosomal Database Project (RDP-II): sequences and tools for
high-throughput rRNA analysis, Nucleic. Acids. Res. 33 (2005) D294-D296.

[51] C.Lozupone, M. Hamady, R. Knight, UniFrac-an online tool for comparing
microbial community diversity in a phylogenetic context, BMC Bioinf. 7
(2006) 1-14.

[52] S.R. Al-Abed, G. Jegadeesan, J. Purandare, D. Allen, Arsenic release from iron
rich mineral processing waste: influence of pH and redox potential,
Chemosphere 66 (2007) 775-782.

[53] C. Reyes, ].R. Lloyd, C.W. Saltikov, Geomicrobiology of iron and arsenic in
anoxic sediments, in: S. Ahuja (Ed.), Arsenic Contamination of Groudwater:
Mechanism, Analysis, and Remediation., John Wiley and Sons Inc, New Jersey,
2008, pp. 123-146.

[54] D. Lovley, J.C. Woodard, E.J.P. Philips, E.L. Bluntharris, J.D. Coates, Humic
substances as electron acceptors for microbial respiration, Nature 382 (1996)
445-448.

[55] B.Reinhold-Hurek, T. Hurek, The genera Azoarcus, Azovibrio, Azospira and
Azonexus, in: M. Dworkin, S. Falkow, E. Rosenberg, K.H. Schleifer, E.
Stackebrandt (Eds.), The Prokaryotes, Springer- Verlag Inc., New York, 2006,
pp. 873-891.

[56] F. Battistoni, D. Bartels, O. Kaiser, R.S. Marie, T. Hurek, B. Reinholdhurek,
Physical map of the Azoarcus sp. strain BH72 genome based on a bacterial
artificial chromosome library as a platform for genome sequencing and
functional analysis, FEMS Microbiol. Lett. 249 (2005) 233-240.

[57] H.Faoro, M.R. Rene, F. Battistoni, P. Gyaneshwar, F.P. do Amaral, C. Taulé, S.
Rausch, G.P. Gongalves, L.S.C. De, S. Mitra, The oil-contaminated soil
diazotroph Azoarcus olearius DQS-4(T) is genetically and phenotypically
similar to the model grass endophyte Azoarcussp. BH72, Env. Microbiol. Rep. 9
(2016) 223-238.

[58] M. Junghare, Y. Patil, B. Schink, Draft genome sequence of a nitrate-reducing,
o-phthalate degrading bacterium Azoarcus sp. strain PAO1T,
Standard.Genomic Sci. 10 (2015) 1-8.

[59] Z. Martin-Moldes, M.T. Zamarro, C.C. Del, A. Valencia, M.J. Gbmez, A. Arcas, Z.
Udaondo, J.L. Garcia, J. Nogales, M. Carmona, Whole-genome analysis of
Azoarcus sp. strain CIB provides genetic insights to its different lifestyles and
predicts novel metabolic features, Syst. Appl. Microbiol. 38 (2015) 462-471.

[60] K. Krumova, M. Nikolovska, V. Groudeva, Isolation and identification of
arsenic-transforming bacteria from arsenic contaminated sites in Bulgaria,
Biotechnol. Biotec. Eq. 22 (2008) 721-728.

[61] M. Héry, A. Rizoulis, H. Sanguin, D.A. Cooke, R.D. Pancost, D.A. Polya, J.R. Lloyd,
Microbial ecology of arsenic-mobilizing Cambodian sediments: lithological
controls uncovered by stable-isotope probing, Environ. Microbiol. 17 (2015)
1857-1869.

[62] G. Lear, B. Song, A.G. Gault, D.A. Polya, J.R. Lloyd, Molecular analysis of
arsenate-reducing bacteria within Cambodian sediments following
amendment with acetate, Appl. Environ. Microbiol. 73 (2007) 1041-1048.

[63] H.A.L. Rowland, R.L. Pederick, D.A. Polya, R.D. Pancost, B.E.V. Dongen, A.G.
Gault, DJ. Vaughan, C. Bryant, B. Anderson, J.R. Lloyd, The control of organic
matter on microbially mediated iron reduction and arsenic release in shallow
alluvial aquifers, Cambodia, Geobiology 5 (2007) 281-292.


http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0065
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0070
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0075
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0080
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0085
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0090
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0095
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0100
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0105
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0110
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0115
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0120
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0125
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0130
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0135
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0140
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0145
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0150
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0155
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0160
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0165
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0170
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0175
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0180
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0185
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0190
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0195
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0200
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0205
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0210
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0215
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0220
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0225
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0230
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0235
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0240
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0245
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0250
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0255
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0260
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0265
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0270
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0275
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0280
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0285
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0290
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0295
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0300
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0305
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0310
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0315

J.-t. Qiao et al. / Journal of Hazardous Materials 344 (2018) 958-967

[64] C.Zhu, S.H. Xia, B.L. Wang, D. Qu, Variation of Anaeromyxobacter community
structure and abundance in paddy soil slurry over flooding time, Afr. J. Agr.
Res. 6 (2011) 6107-6118.

[65] K. Kudo, N. Yamaguchi, T. Makino, T. Ohtsuka, K. Kimura, D.T. Dong, S. Amachi,
Release of arsenic from soil by a novel dissimilatory arsenate-reducing
bacterium, Anaeromyxobacter sp. strain PSR-1, Appli. Environ. Microbiol. 79
(2013) 4635-4642.

[66] ].R. Lloyd, Microbial reduction of metals and radionuclides, FEMS Microbiol.
Ecol. 27 (2003) 411-425.

[67] S. Gul, J.K. Whalen, B.W. Thomas, V. Sachdeva, H. Deng, Physico-chemical
properties and microbial responses in biochar-amended soils: mechanisms
and future directions, Agr. Ecosyst. Environ. 206 (2015) 46-59.

[68] T.A. Ghezzehei, D.V. Sarkhot, A.A. Berhe, Biochar can be used to capture
essential nutrients from dairy wastewater and improve soil physico-chemical
properties, Solid Earth 5 (2014) 953-962.

[69] H.Tong, M. Hu, E.B. Li, C.S. Liu, M.J. Chen, Biochar enhances the microbial and
chemical transformation of pentachlorophenol in paddy soil, Soil. Biol.
Biochem. 70 (2014) 142-150.

[70] S. Chen, A.E. Rotaru, P.M. Shrestha, N.S. Malvankar, F. Liu, W. Fan, K.P. Nevin,
D.R. Lovley, Promoting interspecies electron transfer with biochar, Sci. Rep. 4
(2014) 5019.

[71] T. Wang, M. Camps-Arbestain, M. Hedley, Predicting C aromaticity of biochars
based on their elemental composition, Org. Geochem. 62 (2013) 1-6.

[72] S. Kouras-Hadef, A. Amine-Khodja, S. Halladja, C. Richard, Influence of humic
substances on the riboflavin photosensitized transformation of
2,4,6-trimethylphenol, J. Photoch. Photobio. A. 229 (2012) 33-38.

[73] ].M. O'Reilly, R.A. Mosher, Functional groups in carbon black by FTIR
spectroscopy, Carbon 21 (1983) 47-51.

[74] M. Tatzber, M. Stemmer, H. Spiegel, C. Katzlberger, G. Haberhauer, A. Mentler,
M.H. Gerzabek, FTIR-spectroscopic characterization of humic acids and humin
fractions obtained by advanced NaOH Na4P,07, and Na,COs extraction
procedures, J. Plant Nutr. Soil Sci. 170 (2010) 522-529.

[75] M. Sun, T. Xiao, Z. Ning, E. Xiao, W. Sun, Microbial community analysis in rice
paddy soils irrigated by acid mine drainage contaminated water, Appl.
Microbiol. Biotechnol. 99 (2015) 2911-2922.

[76] E.S.Islam, A.G. Gault, C. Boothman, D.A. Polya, .M. Charnock, D. Chatterjee, J.R.
Lloyd, Role of metal-reducing bacteria in arsenic release from Bengal delta
sediments, Nature 430 (2004) 68-71.

[77] S.Y. Zhang, FJ. Zhao, G.X. Sun, J.Q. Su, X.R. Yang, H. Li, Y.G. Zhu, Diversity and
abundance of arsenic biotransformation genes in paddy soils from southern
China, Environ. Sci. Technol. 49 (2015) 4138-4146.

[78] A.Ehara, H. Suzuki, S. Amachi, Draft genome sequence of Geobacter sp. strain
OR-1, an arsenate-respiring bacterium isolated from Japanese paddy soil,
Genome A. 3 (2015) e01478-01414.

[79] E.S.Islam, Microbial controls on the geochemical behavior of arsenic in
groundwater systems, in: S. Ahuja (Ed.), Arsenic Contamination of
Groudwater: Mechanism, Analysis, and Remediation, John Wiley and Sons
Inc, New Jersey, 2008, pp. 51-58.

967

[80] D.R. Lovley, T. Ueki, T. Zhang, N.S. Malvankar, P.M. Shrestha, K.A. Flanagan, M.
Aklujkar, J.E. Butler, L. Giloteaux, A.E. Rotaru, Geobacter: the microbe electric’s
physiology, ecology, and practical applications, Adv. Microb. Physiol. 59
(2011) 1-100.

[81] J.F. Stolz, E. Perera, B. Kilonzo, B. Kail, B. Crable, E. Fisher, M. Ranganathan, L.
Wormer, P. Basu, Biotransformation of 3-nitro-4-hydroxybenzene arsonic
acid (roxarsone) and release of inorganic arsenic by Clostridium species,
Environ. Sci. Technol. 41 (2007) 818-823.

[82] P.S. Dobbin, J.P. Carter, C.G.S. Juan, M.V. Hobe, A.K. Powell, D,J. Richardson,
Dissimilatory Fe(IIl) reduction by Clostridium beijerinckii isolated from
freshwater sediment using Fe(III) maltol enrichment, FEMS Microbio. Lett.
176 (1999) 131-138.

[83] H.S. Park, B.H. Kim, H.S. Kim, HJ. Kim, G.T. Kim, M. Kim, .S. Chang, Y.K. Park,
H.I. Chang, A novel electrochemically active and Fe(lIl)-reducing bacterium
phylogenetically related to Clostridium butyricum isolated from a microbial
fuel cell, Anaerobe 7 (2001) 297-306.

[84] A.C.Lehours, M. Rabiet, N. Moreldesrosiers, ].P. Morel, L. Jouve, B. Arbeille, G.
Mailhot, G. Fonty, Ferric iron reduction by fermentative strain BS2 isolated
from an iron-rich anoxic environment (Lake Pavin, France), Geomicrobiol. ].
27 (2010) 714-722.

[85] W. Zhang, J. Zheng, P. Zheng, D.C. Tsang, R. Qiu, Sludge-derived biochar for
arsenic(Ill) immobilization: effects of solution chemistry on sorption
behavior, J. Environ. Qual. 44 (2015) 1119-1126.

[86] D.K.Bhumbla, R.F. Keefer, Arsenic mobilization and bioavailability in soils, in:
J.0. Nriagu (Ed.), Arsenic in the Environment, Part I: Cycling and
Characterization, Willy-Interscience, New York, 1994, pp. 51-82.

[87] E.Smith, R. Naidu, A.M. Alston, Arsenic in the soil environment: a review, Adv.
Agron. 64 (1998) 149-195.

[88] D. Ahmann, L.R. Krumholz, H.F. Hemond, D.R. Lovley, F.M.M. Morel, Microbial
mobilization of arsenic from sediments of the Aberjona watershed, Environ.
Sci. Technol. 31 (1997) 2923-2930.

[89] J. Zobrist, P.R. Dowdle, J.A.D. And, R.S. Oremland, Mobilization of arsenite by
dissimilatory reduction of adsorbed arsenate, Environ. Sci. Technol. 34 (2000)
4747-4753.

[90] S. Yamamura, N. Yamamoto, M. Ike, M. Fujita, Arsenic extraction from solid
phase using a dissimilatory arsenate-reducing bacterium, J. Biosci. Bioeng.
100 (2005) 219-222.

[91] S. Yamamura, M. Watanabe, M. Kanzaki, S. Soda, M. Ike, Removal of arsenic
from contaminated soils by microbial reduction of arsenate and quinone,
Environ. Sci. Technol. 42 (2008) 6154-6159.

[92] S. Yamamura, T. Sudo, M. Watanabe, S. Tsuboi, S. Soda, M. Ike, S. Amachi,
Effect of extracellular electron shuttles on arsenic-mobilizing activities in soil
microbial communities, ]. Hazard. Mater. 342 (2017) 571-578.

[93] R.L Zheng, C. Cai, J.H. Liang, Q. Huang, Z. Chen, Y.Z. Huang, H.P. Arp, G.X. Sun,
The effects of biochars from rice residue on the formation of iron plaque and
the accumulation of Cd, Zn Pb, As in rice (Oryza sativa L.) seedlings,
Chemosphere 89 (2012) 856-862.


http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0320
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0325
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0330
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0335
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0340
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0345
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0350
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0355
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0360
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0365
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0370
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0375
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0380
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0385
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0390
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0395
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0400
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0405
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0410
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0415
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0420
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0425
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0430
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0435
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0440
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0445
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0450
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0455
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0460
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
http://refhub.elsevier.com/S0304-3894(17)30847-6/sbref0465
https://www.researchgate.net/publication/321201486

	Roles of different active metal-reducing bacteria in arsenic release from arsenic-contaminated paddy soil amended with bio...
	1 Introduction
	2 Material and methods
	2.1 Soil, biochar and microcosm preparation
	2.2 Arsenic and iron speciation
	2.3 RNA extraction and reverse transcription
	2.4 Illumina sequencing of the potentially active bacterial communities
	2.5 Quantification of transcripts with real-time PCR
	2.6 High-throughput sequencing data processing and statistical analysis

	3 Results and discussion
	3.1 Arsenic and iron release
	3.2 Composition of the potentially active bacterial community
	3.3 Transcriptions of the potentially active metal-reducing bacteria

	4 Conclusions and implications
	Conflict of interest
	Acknowledgements
	Appendix A Supplementary data
	References


