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previously constructed Polycyclic Aromatic Hydrocarbon (PAH)-degrading microbial consortium dur-
ing the bioremediation process of a soil polluted with PAHs. Bioaugmentation with a fungal-bacterial
consortium and biostimulation of native microbiota using corn stover as texturizer produced apprecia-
ble changes in the microbial diversity of polluted soils, shifting native microbial communities in favor
Polycyclic aromatic hydrocarbons (PAHs) of dggrading specific populatiqns. Functional metagenomics.showed chaqges in gene abunQance sug-
Metagenomics gesting a bias towards aromatic hydrocarbon and intermediary degradation pathways, which greatly
Soil bioremediation favored PAH mineralization. In contrast, pathways favoring the formation of toxic intermediates such
Aromatic-ring-hydroxylating dioxygenases as cytochrome P450-mediated reactions were found to be significantly reduced in bioaugmented soils.
Microbial consortium
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PAH biodegradation in soil using the microbial consortium was faster and reached higher degradation val-
ues (84% after 30 d) as aresult of an increased co-metabolic degradation when compared with other mixed
microbial consortia. The main differences between inoculated and non-inoculated soils were observed in
aromatic ring-hydroxylating dioxygenases, laccase, protocatechuate, salicylate and benzoate-degrading
enzyme genes. Based on our results, we propose that several concurrent metabolic pathways are taking
place in soils during PAH degradation.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Contamination of soils with hydrocarbons has become a world-
wide environmental issue because of the potential toxic effects
on animals, humans, plants and microorganisms. Continuous con-
tamination with crude oil and its derivatives favor the deposition
and accumulation of xenobiotics and toxic compounds in soils.
Polycyclic Aromatic Hydrocarbons (PAHs) are considered prior-
ity environmental pollutants because of their high toxicity and
persistence. PAHs are molecules with physical and chemical char-
acteristics that greatly contribute to their persistence in soil,
possessing toxic, mutagenic and teratogenic properties [1]. Dur-
ing the last century there has been an increase in the amount of
PAHs released into the environment from anthropogenic sources
and atmospheric deposition from natural sources [2]. Microbial
degradation is considered the main natural degradation form of
hydrocarbons in soils [1,2]. Bioremediation, based on the use of
microorganisms to degrade the contaminants, is a promising tech-
nology because of its high efficiency and cost-effectiveness. For over
three decades it has been shown that microorganisms such as bac-
teria, fungi and algae possess specific catabolic activities that can
be exploited for the remediation of soil and water impacted with
low and high molecular weight PAHs [3,4].

Current knowledge about the microbial, functional and
metabolic diversity and the impact produced by introduced micro-
bial populations on native communities during the degradation of
PAHs in soil is still limited. Metagenomics can be used to mon-
itor microbial communities, providing access to the taxonomic
and functional gene composition of soil microbial communities
and thus giving information on potentially novel biocatalysts
or enzymes and the phylogenetic and functional relationships
between them [5]. Recent studies using Next-Generation Sequenc-
ing technologies during hydrocarbon bioremediation processes
have shown the usefulness of these technologies to identify, moni-
tor and estimate proportions of crude oil [6,7] and diesel degrading
populations [8,9] present in soils and bioreactors. Thus, metage-
nomic sequencing of soil microbial communities involved in PAH
degradation can provide insights regarding the microbial popu-
lations, functional and metabolic profiles and specific enzymes
involved during the bioremediation of soils.

In this study, we used a taxonomic and functional metagenomic
approach to analyze the metabolic profiles and main enzymes
involved during the bioremediation of a soil polluted with low and
high molecular weight PAHs, as well as some of the effects (e.g.
displacement, permanence, disappearance) produced between soil
native microbiota and a PAH-degrading microbial consortium.

2. Materials and methods
2.1. Soil samples

Uncontaminated soil samples obtained from the Xalostoc region
in Tlaxcala, Mexico (19°24'08”N 98°02'54"W, 18 °C annual average

temperature) were used in this study. Homogeneous samples were
obtained at 30 cm depth in a simple random sampling, according to

procedures described by US-EPA [10]. The soil sample composition
was sandy loam with 2.4% organic matter, 1.4% total organic car-
bon, 0.063% nitrogen, 0.0023% phosphorous and a pH of 8.41. Soil
samples were dried, homogenized and separated with a 2 mm test
sieve. These soil samples were then spiked with 2500 mgkg~! of a
mixture of Phenanthrene (Phe), Pyrene (Pyr) and Benzo[a]pyrene
(BaP)(1:1:1 ratio) using acetone as organic solvent and evaporated,
as described by Ulla et al. [11].

2.2. PAH-degrading consortium and inoculum preparation

A microbial PAH-degrading consortium (C1), composed by four
fungal (Aspergillus flavus H6, Aspergillus nomius H7, Rhizomucor vari-
abilis H9, Trichoderma asperellum H15) and five bacterial native
strains (Klebsiella pneumoniae B1, Bacillus cereus B4, Pseudomonas
aeruginosa B6, Klebsiella sp. B10, Stenotrophomonas maltophilia
B14), was used for the bioaugmentation of PAH-contaminated soils
[12].Individual strains composing the consortium were maintained
aerobically at 30°C in Potato Dextrose Agar (PDA) plates contain-
ing 0.1% Maya crude oil (fungi) or liquid Basal Saline Medium
(g1-1: NaCl, 0.3; (NH4);S04, 0.6; K;HPO,, 0.75; KH,PO4; 0.25;
MgS04-7H,0,0.15; KNO3, 0.6; yeast extract, 0.125) using 0.1% Maya
crude oil as main carbon source (bacteria), as previously described
[12]. Production of fungal spores was carried out in 250-mL flasks
containing 30 ml of PDA medium, individually inoculated with each
of the fungal strains and incubated at 30 °C. Spores were collected
on day 4 with the addition of 20 ml of 0.1% Tween 80 solution, ster-
ile glass beads and the flasks gently shaken for 2 min. The spore
suspension concentration was quantified in a Neubauer haemato-
cytometer chamber using an optical microscope. On the other hand,
each of the bacterial strains was grown individually in 5 ml of lig-
uid BSM at 30°C with agitation at 200 rpm until cultures reached
an optical density of 0.14 at 600 nm (comparable to a MacFarland
standard No. 0.5; approx. cell density 1.5 x 107 CFU/ml). From these
cultures, 10 .l of each strain (approximately 1.5 x 108 CFU) were
sampled, mixed with the others (to give a final volume of 50 w.l)
and further used as inoculum in contaminated soil.

2.3. Microcosm treatability tests

Treatability assays were performed in microcosm solid culture
systems using sterile corn stover (35.7% carbon, 0.465% nitrogen,
0.000031% phosphorous) for fungal growth support, texturizing
and as a biostimulation agent. Corn stover (0.35g dry weight)
was placed in 100 ml glass flasks, moistened with 3 ml Czapeck
medium (g1-': sucrose, 30; sodium nitrate, 3; dipotassium phos-
phate, 1; magnesium sulfate, 0.5; potassium chloride, 0.5; ferrous
sulfate, 0.01; pH 7.3) to reach 30% moisture content and to promote
germination of fungal spores and obtain the inoculum. Therefore,
the flasks were inoculated with 2 x 106 spores g~! of each fungal
strain, hermetically sealed with sterile rubber caps and aluminum
seal, then incubated for 5 d at 30°C. Pre-inoculated corn stover
was then mixed with 6.65 g of PAH-contaminated soil, inoculated
with 2 x 108 CFUg™! of each bacterial strain and sealed hermet-
ically again. Controls consisted of non-inoculated systems (only
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bioestimulation of native microbiota with corn stover), which were
used to compare the effect of the bioaugmentation with the C1
consortium on PAH degradation, the taxonomic composition and
functional profiles. Treatment (biostimulated and bioaugmented
with C1) and control microcosms (only biostimulated) were incu-
bated at 30 °C for 30 days, flushing headspaces every 48 h for 10 min
with sterile and moistened air to preserve aerobic conditions and
avoid carbon dioxide accumulation. All treatments were sampled
at days O (post-inoculation), 16 and 30 for PAH quantitation and
DNA extraction for metagenomic analysis. All assays were carried
out in triplicate.

2.4. Microcosm heterotrophic activity and PAH measurements

Heterotrophic activity in microcosms was measured every
48 h for 30 days by means of CO, production, using an Agilent
6890 series Gas Chromatograph (Agilent Technologies, Germany)
equipped with a thermal conductivity detector and a GS-
CarbonPLOT column. CO, was reported as mg of CO, per g of initial
dry matter (IDM). Residual PAHs from soils were extracted from
1g of IDM (soil plus corn stover) with the addition of 25 ml of a
dichloromethane-acetone solution (7:3 ratio) using an Anton Paar
Multiwave 3000 SOLV apparatus (Anton Paar, Germany) for 20 min,
according to the EPA 3546 method [13]. The resulting extracts were
evaporated, suspended in 2 ml of acetonitrile and analyzed in an
HP Agilent 1100 HPLC system (Agilent Technologies, Germany)
equipped with a C18 reverse-phase column, with UV absorbance
detector set at 245-360 nm under isocratic conditions in acetoni-
trile:water (90:10) and a flow rate of 1 mlmin~!.

2.5. Metagenomic sequencing and bioinformatic analysis

Metagenomic DNA was isolated from 2 g IDM (soil plus corn
stover) using the PowerSoil DNA Isolation Kit (MoBio Laborato-
ries Inc., USA) following the manufacturer’s instructions. Extracted
DNA preparations were quantified and quality checked using a
Nanodrop 1000 Spectrophotometer (Thermo Scientific). Paired-
end whole genome shotgun sequencing was performed using an
[llumina MiSeq 2 x 250 platform. After this step, we obtained six
datasets as follows: C1d0: 806,947 sequences of 343 bp (on aver-
age) for a total of 277 Mbp; C1d16: 738,035 sequences of 328 bp
(on average) for a total of 242 Mbp; C1d30: 780,405 sequences of
331bp (on average) for a total of 259 Mbp; ControldO: 2,034,720
sequences of 266bp (on average) for a total of 541 Mbp; Con-
trold16: 2,202,675 sequences of 280bp (on average) for a total
of 618 Mbp; and Controld30: 2,197,197 sequences of 268 bp (on
average) for a total of 589 Mbp. All these datasets are pub-
licly available in the MG-RAST server [14] under the MG-RAST
IDs 4600198.3, 4600199.3, 4600200.3, 4658539.3, 4658538.3 and
4658540.3 respectively, in the static link http://metagenomics.
anl.gov/linkin.cgi?project=11296. The unassembled metagenomic
reads were quality checked with the FastQC v0.10.1 program [15],
then compared and annotated using the MG-RAST server. The qual-
ity check included sequence quality filtering, length filtering and
dereplication steps. Taxonomic analysis was made using the M5nr
protein database [16] with a maximum e-value of 1e~> and a
minimum identity cutoff and alignment length of 60% and 15 bp,
respectively. SEED subsystems annotation and KEGG orthology
were used for functional hierarchical classification using a max-
imum e-value of 1e~>, a minimum identity cutoff of 60% and an
alignment length cutoff of 15bp. Metagenomic data were also
analyzed with standalone BLASTX v2.2.29 [17] using a custom
database containing sequences from ring hydroxylating dioxyge-
nases, monooxygenases, ligninolytic peroxidases and laccases, and
subsequently annotated with MEGANS5 [18]. Results from taxo-
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Fig. 1. Heterotrophic activity (CO, production accumulated and instantaneous) of
microcosms with inoculated soil (bioaugmented with C1/bioestimulated) and non-
inoculated soil (biostimulated-only).

nomic and functional analysis were visualized with the MG-RAST
server [14], MEGAN5 and STAMP version v2.0.3 [19].

2.6. Statistical analysis

Data from CO, and PAH measurements were analyzed by Anal-
ysis of Variance (ANOVA) followed by a multiple comparison test
(LSD) with SPSS Statistics Software version 19 (IBM), considering
statistically significant differences those with a p value <0.05. Sta-
tistical analysis of metagenomic profiles was performed with the
STAMP v2.0.3 program, using the two-sided Welch's t-test for group
to group comparisons, the G test plus Fisher’s exact tests for sample
to sample comparisons, and the Bonferroni test for p value cor-
rections. Those differences with a p value <0.05 were considered
statistically significant.

3. Results and discussion
3.1. Heterotrophic activity in soil microcosms

Soil microcosms inoculated with consortium C1 presented a
rapid initial increase in CO, production by day 2, with a slightly
lower production by biostimulated-only microcosms. Inoculated
microcosms produced more CO, than biostimulated-only controls
during the first two weeks, but the tendency reverted from day
16 and higher instantaneous CO, production was observed for
biostimulated-only microcosms, even though accumulated CO,
levels by day 30 were almost identical (Fig. 1). In general, CO,
production through the biodegradation process in soil was higher
when compared with reported values of similar mixed consor-
tia in microcosms, where maximum accumulated production only
reached 1 mg CO, gr—! IDM after 60 d growth [20,24]. As expected,
inoculation of soils promoted an increase in respiratory levels,
especially taking into account that the spiking of soils with high
amounts of PAHs could greatly affect the quantity and diversity of
native soil populations, which could explain the differences in CO,
production observed during the first two weeks. Regardless of soil
inoculation, biostimulation with corn stover promoted an increase
in CO; levels in contaminated soils.

3.2. PAH biodegradation in soil

Our results showed that Phe, Pyr and BaP degradation was
significantly higher in soils inoculated with consortium C1 than
biostimulated-only controls by day 16 (p=0.011, 0.021 and 0.035,
respectively) and 30 (p=0.007, 0.019, and 0.009, respectively). As
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Fig. 2. PAH degradation by C1-inoculated and biostimulated-only soil microcosms with non-sterile soil spiked with 2500 mgkg~" of Phe, Pyr and BaP.

observed in Fig. 2, Phe was degraded at a higher rate during the first
16 days than both Pyr and BaP by consortium C1 (58.12%, 36.64%
and 27.16%, respectively) but interestingly Pyr, and especially BaP,
were degraded at a higher rate after day 16 until day 30 reaching
59.66% and 58.98%, respectively. These results are in accordance
with our previous report using a similar native degrading consor-
tium, where High Molecular Weight (HMW)-PAH degradation in
sterile soils was relatively low during the initial stages, but sig-
nificantly increased during later stages [12]. In fact, an increased
co-metabolic degradation of HMW-PAHSs such as Pyr and BaP in a
mixture with Low Molecular Weight (LMW )-PAHSs can be achieved
in response to the induction of LMW-PAH degradation pathways
[2,21]. PAH biodegradation with consortium C1 was also faster
and showed higher degradation values when compared with other
mixed microbial consortia in soil [22-25]. This was more evident
for Phe, reaching 84.29% degradation by day 30, even though HMW-
PAH degradation was also higher than in previous reports [22,23].
Even when the PAH soil concentrations used in this study were at
least five times higher than those used in previous studies eval-
uating mixed microbial consortia in soils, degradation was nearly
twice as fast for both LMW- and HMW-PAHSs [24,25].

Even though microbial growth rates are not necessarily related
to the degree of pollutant degradation [26], a higher growth rate
along with effective PAH biodegradation is suggestive of their
utilization as a carbon source by microbial populations, as evi-
denced by CO, production differences between biostimulated-only
controls in the presence or absence of PAHs (Fig. 1). More-
over, a decrease in the microbial growth rate could be indicative
of microorganisms reaching a stationary phase and secondary
metabolism, producing hydrocarbon-degrading enzymes which
may positively influence the oxidation of PAHs [27,28]. Control
microcosms where only corn stover was added, presented signif-
icantly lower degradation rates of Phe (11.73%), Pyr (10.00%) and
BaP (2.67%) (approximately corresponding to 6% of degradation of
the total mixture of PAHs) by day 30 in comparison to C1-inoculated
soils that showed degradation rates above 65% of initial mixture of
PAHs. In fact, most of the degradation occurred during the first stage
of the process in a growth-dependent PAH degradation triggered
by the presence of culture media and corn stover at day 0.

3.3. Taxonomic analysis of soil bioremediation

The composition of different taxa based on full sequence
datasets from soil microcosms showed an overall predominance
of bacterial and a lesser relative proportion of eukaryotic and

archaeal organisms, regardless of their treatment or sampling day
(Fig. 3A). Archaeal communities remained stable throughout the
bioremediation process, showing only slight differences in com-
munity composition with the exception of control microcosms at
day 30 (Fig. 3B). In contrast, soil inoculation with our microbial
consortium resulted in appreciable shifts in bacterial populations.
For example, treatment with consortium C1 produced a marked
increase over time of Firmicutes, Actinobacteria, and Bacteroidetes
taxa to the detriment of Proteobacteria (Fig. 3C). However, the rel-
ative proportion of Proteobacteria was visibly higher in inoculated
microcosms than in biostimulated-only controls, and the oppo-
site was observed for Firmicutes as control microcosms contained
a higher proportion of this taxa than inoculated systems. As the
microbial consortium contained members of Firmicutes (Bacillus
cereus H4) and Proteobacteria (K. pneumoniae H1, P. aeruginosa H6,
Klebsiella sp. H10 and S. maltophilia B14), this displacement could
indicate a better adaptation of Proteobacteria and a positive effect
over other communities, particularly in the Bacteroidetes/Chlorobi
group, whose proportion in control microcosms was lower. Within
Proteobacteria, Alpha and Gammaproteobacteria were the taxa
with higher proportions (Fig. 3D), both containing known species
of PAH degraders [29-31], and Actinobacteria populations as well.
Similar results have been reported previously in microcosms con-
taining heavy crude oil-contaminated soils, where members of
Gammaproteobacteria were initially dominant in the contami-
nated microcosms but after 90 days of incubation were superseded
by Firmicutes and Alphaproteobacteria [32]. Fungal populations
remained relatively stable over time, with Ascomycota being the
most abundant taxa with a minor proportion of sequences belong-
ing to Basidiomycota and incertae sedis (Fig. 3E). Within the
Ascomycota phylum, Pezizomycotina was the most prominent
group (Fig. 3F). This is not unexpected as Pezizomycotina contains
all fungal strains included in the degrading consortium, except for
R. variabilis H9.

Alpha diversity measurements (Shanon’s diversity index) of
metagenomes showed that the addition of consortium C1 into con-
taminated soil contributed to an overall increase in the species
richness over time, changing from 45.1 at day 0, to 67.7 at day
16 and 421.1 at day 30. We hypothesize this may be a conse-
quence of adecrease in the toxicity of soils due to the disappearance
of PAHs by consortium C1, and as a result, microbial diversity
in soil increases with decreasing PAH concentrations. Besides,
population dynamics of bacterial and fungal species comprising
the degrading consortium showed important shifts across time,
exhibiting marked differences compared to control microcosms.
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Stenotrophomonas maltophilia populations were found to be the
most prominent bacteria in the inoculated microcosms with a con-
stant increase in their relative proportion, concomitant with PAH
degradation, while Klebsiella populations showed a tendency to
decrease over time (Fig. 3G). A similar pattern was observed in
the fungal species, where Aspergillus flavus predominated in soils
inoculated with consortium C1 and Trichoderma asperellum and
Aspergillus nomius proportions increased over time (Fig. 3H). Rhi-
zomucor variabilis populations were not detectable after day 16,
suggesting a poor adaptation to soil and presumably a displace-
ment by other microorganisms. This is consistent with previous
studies reporting poor tolerance levels to PAHs for several Rhi-
zomucor species, even though they are shown to remove small
quantities of PAHs in surface culture [33,34]. With the exception of
Rhizomucor variabilis, the microbial species comprising the degrad-
ing consortium remained relatively stable across time in the control
microcosms, with a higher proportion of Bacillus cereus, Klebsiella
pneumoniae and Aspergillus flavus.

3.4. Functional and metabolic analyses of PAH bioremediation

SEED functional subsystems annotation showed a predomi-
nance of genes belonging to metabolic pathways in soils, especially
for carbohydrate, amino acid and energy metabolism (Fig. 4A).
Even though aromatic degradation pathways do not show appre-
ciable differences in soils at SEED level 1, a deeper look focusing on
degradation pathways for aromatic compounds revealed a domi-
nance of peripheral pathways for aromatic degradation genes in
both inoculated and non-inoculated soils, while metabolism of
central aromatic intermediaries were also found at relatively high
levels (Fig. 4B). Interestingly, gene abundance of aromatic anaero-
bic degradation pathways was higher, although not significantly

different, in biostimulated-only controls. As all treatments used
corn stover as a texturizing agent, this difference could be directly
attributed to the presence of members of the degrading consortium,
which could potentially lead to a higher proportion of hydrocarbon
aerobic-degradation genes in inoculated soils.

Although our approach was limited to analyzing the functional
potential of metagenomes, we observed a relation between the
abundance of several genes, the presence of the consortium C1 and
a high degradation of PAHs in contaminated soils. These results are
in accordance with recent studies, which also showed a relation
between the presence of PAHs in soil and a high gene abundance of
several oxidoreductases involved in PAH metabolism, as a reflec-
tion of the PAH degradation potential by native or introduced
soil microorganisms. For example, aromatic-ring-hydroxylating
dioxygenase family genes have been found to be more abundant
in soils and sediments contaminated with PAHs than in non-
contaminated soils [35-37]; Meier [38] also reported a higher
abundance of salicylate oxygenase family genes in PAH-polluted
soils by the substrate-induced gene expression (SIGEX) metage-
nomic method. Our results indicate that the inoculation of soils
promoted a significant increase in the abundance of genes involved
in benzoate degradation and metabolism, protocatechuate degra-
dation and chloroaromatic compounds degradation, as well as
non-significant increments in the abundance of gentisate degra-
dation, salicylate and gentisate catabolism genes (Fig. 5). A similar
set of enzyme-encoding genes has been found to play an impor-
tant role in the degradation of aromatic compounds, producing
key metabolicintermediates including salicylate, 3-chlorobenzoate
and hydroquinone that act as strong inducers of PAH degradative
enzymes [39]. A well-studied molecule is salicylate, which induces
naphthalene dioxygenase in bacteria and also stimulates the degra-
dation of HMW-PAHSs by bacteria [40,41]. The observed differences
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in gene abundance indicate an overall increase in aerobic path-
ways involved in the degradation of aromatic compounds into
products that can enter the tricarboxylic acid cycle, which could
greatly favor the mineralization of PAHs. This was also corrobo-
rated when aerobic specific ring hydroxylating cleavage enzymes
such as naphthalene 1,2-dioxygenase, extradiol dioxygenase, ring

hydroxylating dioxygenase, benzoate/toluate-1,2 dioxygenase,
catechol 1,2-dioxygenase, catechol 2,3-dioxygenase, protocate-
chuate 3,4-dioxygenase, protocatechuate 4,5-dioxygenase and
1,2-dihydroxynaphthalene dioxygenase were found at significantly
higher levels (p=0.0001) in inoculated microcosms as compared to
biostimulated-only controls (Fig. 6). Such enzymes have also been
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found at elevated levels in metagenomic analyses of the bioremedi-
ation of soils and sediments contaminated with diesel and crude oil
[9,42,43]. Even though these enzymes have been mainly described
in bacteria, several non-ligninolytic fungal species are also known
to produce meta- and ortho-cleavage dioxygenases potentially
involved in PAH degradation [44,45]. In addition, laccase gene
abundance was also found to be significantly increased in inocu-
lated soils, indicating the involvement of eukaryotic organisms in
both the initial oxidation and intermediate steps of PAH degrada-
tion. In one particular case, Trichoderma asperellum H15 was found
to produce both ring-cleavage dioxygenases and laccase in the pres-
ence of PAHs [46]. Our results showed a higher abundance oflaccase
genes concomitant with the survival and permanence of T. asperel-
lum H15 in inoculated soils (Fig. 3H). Remarkably, the abundance
of bacterial and eukaryotic genes involved in PAH metabolism
via cytochrome P450 monooxygenases were found to be signif-
icantly reduced when the microbial consortium was inoculated
to soils (Fig. 6). This indicates a bias towards PAH mineraliza-
tion pathways, potentially decreasing the formation of dead-end
metabolites, toxic intermediates (e.g. trans-dihydrodiols) and con-
jugates (e.g. o-glucuronides, o-glucosides and methoxy molecules)
responsible for the formation of DNA adducts and subsequent car-
cinogenesis in mammals [47].

From our functional analysis, we found evidence for several con-
comitant degradation pathways taking place in inoculated soils
for the degradation of Phe, Pyr and BaP (Fig. 7). Initial oxidation
steps are driven by laccases and ring hydroxylating dioxygenases,
while subsequent steps involve the action of dioxygenases and
decarboxylases, promoting the further degradation of PAHs via
central metabolic pathways. It is interesting to find significantly

higher proportions of several broad-specificity enzyme-encoding
genes in inoculated soils, such as naphthalene 1,2-dioxygenase
(EC 1.14.12.12), possessing a wide substrate specificity, which
eventually permits the cis-hydroxilation of several other aromatic
compounds including HMW-PAHSs [48]. Our results showed that the
same enzyme, along with a similar bacterial ring cleavage dioxyge-
nase referred to here as cis-PAH dioxygenase (EC 1.14.12.-) plays an
important role in the initial and intermediate steps of Phe, Pyr and
BaP degradation in inoculated soils. Assuming that both inoculated
and native soil microorganisms are able to use broad specificity
enzymes and common pathways to metabolize multiple PAHs, the
inducers for the degradation of a single PAH could eventually co-
stimulate the degradation of a wide range of PAHs, as has been
reported [41].

4. Conclusions

Our results demonstrate the efficiency of a mixed microbial
consortium to degrade high amounts of PAHs in soils, presum-
ably due to increased co-metabolic degradation. Metagenomic
analysis showed that inoculation of a PAH-degrading consor-
tium produced appreciable changes in the microbial diversity of
PAH-contaminated soils, shifting native microbial communities in
favor of degrading specific populations. Functional metagenomics
showed changes in gene abundance indicating a bias towards
aromatic hydrocarbons and intermediary degradation pathways,
greatly favoring PAH mineralization. The information derived
from our metagenomic analysis provided new insights into the
metabolic potential of PAH-degrading microorganisms inoculated
into soil, and suggest several possible metabolic pathways which
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could potentially take place simultaneously during the degradation
of LMW and HMW-PAHSs in contaminated soils.

Acknowledgments

This research was supported by project SIP20162025 of Instituto
Politécnico Nacional and CONACYT grant number 269828.

References

[1] AK. Haritash, C.P. Kaushik, Biodegradation aspects of polycyclic aromatic
hydrocarbons (PAHs): a review, J. Hazard. Mater. 169 (1-3) (2009) 1-15.

[2] A.L. Juhasz, R. Naidu, Bioremediation of high molecular weight polycyclic
aromatic hydrocarbons: a review of the microbial degradation of
benzo[a]pyrene, Int. Biodeterior. Biodegrad. 45 (2000) 57-88.

[3] C.E. Cerniglia, G.R. Sutherland, Degradation of polycyclic aromatic
hydrocarbons by fungi, in: K.N. Timmis (Ed.), Handbook of Hydrocarbon and
Lipid Microbiology, Springer, Berlin; London, 2010, pp. 2079-2110.

[4] ].S. Seo, Y.S. Keum, Q.X. Li, Bacterial degradation of aromatic compounds, Int. J.
Environ. Res. Public Health 6 (2009) 278-309.

[5] T. Thomas, J. Gilbert, F. Meyer, Metagenomics—a guide from sampling to data
analysis, Microb. Inform. Exp. 2 (2012) 3.

[6] F. Coulon, P.M. Chronopoulou, A. Fahy, S. Paisse, M. Goni-Urriza, L. Peperzak, L.

Acuna Alvarez, B.A. McKew, C.P. Brussaard, G.J. Underwood, K.N. Timmis, R.

Duran, TJ. McGenity, Central role of dynamic tidal biofilms dominated by

aerobic hydrocarbonoclastic bacteria and diatoms in the biodegradation of

hydrocarbons in coastal mudflats, Appl. Environ. Microbiol. 78 (2012)

3638-3648.

H.F. dos Santos, J.C. Cury, F.L. do Carmo, A.L. dos Santos, . Tiedje, ].D. van Elsas,

A.S. Rosado, R.S. Peixoto, Mangrove bacterial diversity and the impact of oil

contamination revealed by pyrosequencing: bacterial proxies for oil

pollution, PLoS One 6 (2011) e16943.

E. Yergeau, S. Bokhorst, S. Kang, J. Zhou, C.W. Greer, R. Aerts, G.A. Kowalchuk,

Shifts in soil microorganisms in response to warming are consistent across a

range of Antarctic environments, ISME J. 6 (2012) 692-702.

[9] E. Yergeau, S. Sanschagrin, D. Beaumier, C.W. Greer, Metagenomic analysis of
the bioremediation of diesel-contaminated Canadian high arctic soils, PLoS
One 7 (2012) e30058.

[10] US-EPA, EPA/540/R-96/018 Soil Screening Guidance: User’s Guide, Second Ed.,
United States Environmental Protection Agency, Washington D.C, 1996.

[11] C.B. Ulla, E. Flemming, C.S. Jacobsen, Method for spiking soil samples with
organic compounds, App. Env. Microbiol. 68 (2002) 1808-1816.

[12] G. Zafra, A.E. Absalén, M.C. Cuevas, D.V. Cortés-Espinosa, Isolation and
selection of a highly tolerant microbial consortium with potential for PAH
biodegradation from heavy crude oil-contaminated soils, Water Air Soil
Pollut. 225 (2014) 1826.

[13] United States Environmental Protection Agency website, http://www.epa.
gov/solidwaste/hazard/testmethods/sw846/pdfs/3546.pdf.

[14] F. Meyer, D. Paarmann, M. D’Souza, R. Olson, E.M. Glass, M. Kubal, T. Paczian,
A.Rodriguez, R. Stevens, A. Wilke, J. Wilkening, R.A. Edwards, The
metagenomics RAST server—a public resource for the automatic phylogenetic
and functional analysis of metagenomes, BMC Bioinform. 9 (2008) 386.

[15] S. Andrews, FastQC A Quality Control Tool for High Throughput Sequence
Data, 2016, http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
(accessed 04.14).

[16] A. Wilke, T. Harrison, J. Wilkening, D. Field, E.M. Glass, N. Kyrpides, K.
Mavrommatis, F. Meyer, The M5nr: a novel non-redundant database
containing protein sequences and annotations from multiple sources and
associated tools, BMC Bioinform. 13 (2012) 141.

[17] S.F. Altschul, T.L. Madden, A.A. Schaffer, J. Zhang, Z. Zhang, W. Miller, D.].
Lipman, Gapped BLAST and PSI-BLAST: a new generation of protein database
search programs, Nucleic Acids Res. 25 (1997) 3389-3402.

[18] D.H. Huson, S. Mitra, H.J. Ruscheweyh, N. Weber, S.C. Schuster, Integrative
analysis of environmental sequences using MEGAN4, Genome Res. 21 (2011)
1552-1560.

[19] D.H. Parks, R.G. Beiko, Identifying biologically relevant differences between
metagenomic communities, Bioinformatics 26 (2010) 715-721.

[20] RJ.]Jacques, B.C. Okeke, F.M. Bento, A.S. Teixeira, M.C. Peralba, F.A. Camargo,
Microbial consortium bioaugmentation of a polycyclic aromatic hydrocarbons
contaminated soil, Bioresour. Technol. 99 (2008) 2637-2643.

[21] S.Y.Yuan, S.W. Chang, B.V. Chang, Biodegradation of polycyclic aromatic
hydrocarbons in sludge, Bull. Environ. Contam. Toxicol. 71 (2003) 625-632.

[22] X.Li, P. Li, X. Lin, C. Zhang, Q. Li, Z. Gong, Biodegradation of aged polycyclic
aromatic hydrocarbons (PAHs) by microbial consortia in soil and slurry
phases, J. Hazard. Mater. 150 (2008) 21-26.

[23] J.-D. Kim, C.-G. Lee, Microbial degradation of polycyclic aromatic
hydrocarbons in soil by bacterium-fungus co-cultures, Biotechnol. Bioprocess.
Eng. 12 (2007) 410-416.

17

8

[24] B. Chavez-Gomez, R. Quintero, F. Esparza-Garcia, A.M. Mesta-Howard, F.J.
Zavala Diaz de la Serna, C.H. Hernandez-Rodriguez, T. Gillen, H.M.
Poggi-Varaldo, ]. Barrera-Cortes, R. Rodriguez-Vazquez, Removal of
phenanthrene from soil by co-cultures of bacteria and fungi pregrown on
sugarcane bagasse pith, Bioresour. Technol. 89 (2003) 177-183.

[25] M. Wu, L. Chen, Y. Tian, Y. Ding, W.A. Dick, Degradation of polycyclic aromatic
hydrocarbons by microbial consortia enriched from three soils using two
different culture media, Environ. Pollut. 178 (2013) 152-158.

[26] M.T. Montgomery, T.J. Boyd, C.L. Osburn, D.C. Smith, PAH mineralization and
bacterial organotolerance in surface sediments of the Charleston Harbor
estuary, Biodegradation 21 (2010) 257-266.

[27] A. Conesa, P.J. Punt, C.A. van den Hondel, Fungal peroxidases: molecular
aspects and applications, ]. Biotechnol. 93 (2002) 143-158.

[28] V.K. Gochev, AL Krastanov, Fungal laccases, Bulg. ]. Agric. Sci. (2007) 13.

[29] J. Chen, M.H. Wong, Y.S. Wong, N.F. Tam, Multi-factors on biodegradation
kinetics of polycyclic aromatic hydrocarbons (PAHs) by Sphingomonas sp a
bacterial strain isolated from mangrove sediment, Mar. Pollut. Bull. 57 (2008)
695-702.

[30] L.F. Bautista, R. Sanz, M.C. Molina, N. Gonzalez, D. Sanchez, Effect of different
non-ionic surfactants on the biodegradation of PAHs by diverse aerobic
bacteria, Int. Biodeterior. Biodegrad. 63 (2009) 913-922.

[31] S.Boonchan, M.L. Britz, G.A. Stanley, Degradation and mineralization of
high-molecular-weight polycyclic aromatic hydrocarbons by defined
fungal-bacterial cocultures, Appl. Environ. Microbiol. 66 (2000) 1007-1019.

[32] S.Bordenave, M.S. Goni-Urriza, P. Caumette, R. Duran, Effects of heavy fuel oil
on the bacterial community structure of a pristine microbial mat, Appl.
Environ. Microbiol. 73 (2007) 6089-6097.

[33] F. Giraud, P. Guiraud, M. Kadri, G. Blake, R. Steiman, Biodegradation of
anthracene and fluoranthene by fungi isolated from an experimental
constructed wetland for wastewater treatment, Water Res. 35 (2001)
4126-4136.

[34] M.-]. Kim, H. Lee, Y.-S. Choi, G.-H. Kim, N.-Y. Huh, S. Lee, Y. Lim, S.-S. Lee, J.-].
Kim, Diversity of fungi in creosote-treated crosstie wastes and their
resistance to polycyclic aromatic hydrocarbons, Antonie Van Leeuwenhoek 97
(2010) 377-387.

[35] A.Chemerys, E. Pelletier, C. Cruaud, F. martin, F. Violet, Y. Jouanneau,
Characterization of novel polycyclic aromatic hydrocarbon dioxygenases from
the bacterial metagenomic DNA of a contaminated soil, Appl. Environ.
Microbiol. 80 (2014) 6591-6600.

[36] C.L. Loviso, M. Lozada, L.M. Guibert, M.A. Musumeci, S. Sarango-Cardenas, R.V.
Kuin, H.M. Dionisi, Metagenomics reveals the high polycyclic aromatic
hydrocarbon-degradation potential of abundant uncultured bacteria from
chronically polluted subantarctic and temperate coastal marine
environments, J. Appl. Microbiol. 119 (2015) 411-424.

[37] B. Ma, X.F. Lyu, T. Zha, Y. He, ].M. Xu, Reconstructed metagenomes reveal
changes of microbial functional profiling during PAH degradation along a rice
(Oryza sativa) rhizosphere gradient, J. Appl. Microbiol. 118 (2015) 890-900.

[38] M.J. Meier, Metagenomic Analysis of Contaminated Soils, Carleton University,
2014, PhD thesis.

[39] T. Uchiyama, K. Miyazaki, Metagenomic screening for aromatic
compound-responsive transcriptional regulators, PLoS One 8 (2013) e75795.

[40] K.M. Shamsuzzaman, E.A. Barnsley, The regulation of naphthalene oxygenase
in pseudomonads, J. Gen. Microbiol. 83 (1974) 165-170.

[41] S.-H. Chen, M.D. Aitken, Salicylate stimulates the degradation of
high-molecular weight polycyclic aromatic hydrocarbons by Pseudomonas
saccharophila P15, Environ. Sci. Technol. 33 (1999) 435-439.

[42] O.U. Mason, N.M. Scott, A. Gonzalez, A. Robbins-Pianka, ]. Balum, J. Kimbrel,
N.J. Bouskill, E. Prestat, S. Borglin, D.C. Joyner, J.L. Fortney, D. Jurelevicius, W.T.
Stringfellow, L. Alvarez-Cohen, T.C. Hazen, R. Knight, J.A. Gilbert, ].K. Jansson,
Metagenomics reveals sediment microbial community response to
Deepwater Horizon oil spill, ISME ]. 8 (2014) 1464-1475.

[43] N.E.Kimes, A.V. Callaghan, D.F. Aktas, W.L. Smith, ]. Sunner, B.T. Golding, M.
Drozdowska, T.C. Hazen, J.M. Suflita, P.J. Morris, Metagenomic analysis and
metabolite profiling of deep-sea sediments from the Gulf of Mexico following
the Deepwater Horizon oil spill, Front. Microbiol. 4 (2013) 50, http://dx.doi.
org/10.3389/fmicb.2013.00050.

[44] S. Fetzner, Ring-cleaving dioxygenases with a cupin fold, Appl. Environ.
Microbiol. 78 (2012) 2505-2514.

[45] T.Hadibarata, S. Tachibana, K. Itoh, Biodegradation of phenanthrene by fungi
screened from nature, Pak. J. Biol. Sci. 10 (2007) 2535-2543.

[46] G. Zafra, A. Moreno-Montano, A.E. Absalon, D.V. Cortes-Espinosa, Degradation
of polycyclic aromatic hydrocarbons in soil by a tolerant strain of Trichoderma
asperellum, Environ. Sci. Pollut. Res. 22 (2015) 1034-1042.

[47] D. Warshawsky, Polycyclic aromatic hydrocarbons in carcinogenesis, Environ.
Health Perspect. 107 (1999) 317-319.

[48] S.A. Selifonov, M. Grifoll, R.W. Eaton, P.J. Chapman, Oxidation of
naphthenoaromatic and methyl-substituted aromatic compounds by
naphthalene 1,2-dioxygenase, Appl. Environ. Microb. 62 (1996) 507-514.


http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0005
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0010
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0015
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0020
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0025
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0030
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0035
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0040
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0045
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0055
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0060
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3546.pdf
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3546.pdf
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3546.pdf
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3546.pdf
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3546.pdf
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3546.pdf
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3546.pdf
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3546.pdf
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3546.pdf
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3546.pdf
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3546.pdf
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0070
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0080
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0085
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0090
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0095
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0100
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0105
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0110
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0115
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0120
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0125
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0130
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0135
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0140
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0140
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0140
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0140
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0140
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0140
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0140
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0140
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0140
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0140
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0140
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0140
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0145
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0150
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0155
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0160
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0165
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0170
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0175
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0180
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0185
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0190
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0190
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0190
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0190
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0190
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0190
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0190
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0190
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0190
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0190
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0190
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0190
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0195
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0200
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0205
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0210
dx.doi.org/10.3389/fmicb.2013.00050
dx.doi.org/10.3389/fmicb.2013.00050
dx.doi.org/10.3389/fmicb.2013.00050
dx.doi.org/10.3389/fmicb.2013.00050
dx.doi.org/10.3389/fmicb.2013.00050
dx.doi.org/10.3389/fmicb.2013.00050
dx.doi.org/10.3389/fmicb.2013.00050
dx.doi.org/10.3389/fmicb.2013.00050
dx.doi.org/10.3389/fmicb.2013.00050
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0220
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0225
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0230
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0235
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240
http://refhub.elsevier.com/S0304-3894(16)30692-6/sbref0240

	Comparative metagenomic analysis of PAH degradation in soil by a mixed microbial consortium
	1 Introduction
	2 Materials and methods
	2.1 Soil samples
	2.2 PAH-degrading consortium and inoculum preparation
	2.3 Microcosm treatability tests
	2.4 Microcosm heterotrophic activity and PAH measurements
	2.5 Metagenomic sequencing and bioinformatic analysis
	2.6 Statistical analysis

	3 Results and discussion
	3.1 Heterotrophic activity in soil microcosms
	3.2 PAH biodegradation in soil
	3.3 Taxonomic analysis of soil bioremediation
	3.4 Functional and metabolic analyses of PAH bioremediation

	4 Conclusions
	Acknowledgments
	References


