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In this report, ZnO nanoparticles embedded cellulose acetate (CA) fibrous membrane with multifunctional
properties have been prepared through electrospinning method. The morphology of the electrospun com-
posite membrane was analyzed by scanning electron microscope (SEM). It was found that the polymer
concentration in the solution has a significant effect on the morphology of the fibers. The optical property
of the sample was tested using photo luminescence (PL) spectra. There is no significant change in the
emission features of cellulose acetate with the addition of ZnO. The anti-bacterial property of the sample
was studied using disk diffusion method. The wettability of the pure and composite fibrous membrane
was also studied by measuring the contact angle of water on the membrane. It was observed that the
embedded ZnO in the CA was responsible for the hydrophobic nature of the surface.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Over the past few years, there has been a tremendous growth
of research activities to explore electrospinning to develop fibers
in the micro and nanometer range using various types of materials
or polymers. The nanofibers produced by electrospinning have
several remarkable advantages like high aspect ratio, flexibil-
ity and high tensile strength. It has attracted the attention of
researchers as it is cost effective and simple technique (Greiner
& Wendorff, 2007; Li & Xia, 2004; Sundaray et al., 2004). Differ-
ent types of nanomaterials were successfully incorporated into
various polymer matrices owing to their unusual combination
of optical, mechanical and bactericidal properties (Joshi et al.,
2010; Li, Mahendra, et al., 2008; Li, Shao, et al., 2008; Nah et al.,
2008; Seoudi, Abd, & Shabaka, 2008; Yang, Shao, Guan, Li, & Gong,
2004; Zhang et al., 2009; Zhuanga, Cheng, Kang, & Xu, 2010). The
properties of these nanocomposites are strongly dependent on
the size, dispersion efficiency and morphology of the sample. The
in situ growth of nanoparticles in polymer matrixes is attracting
increasing interest in terms of practical applications and synthetic
challenges. A major obstacle in these processes is the presence
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of aggregates and inhomogeneous distribution of nanoparticles
(Mackay et al., 2006; Oberdisse, 2006; Smith & Bedrov, 2009).

Electrospun bionanocomposites has been a recent focus of
researchers and has a huge impact in diverse areas such as tissue
engineering, bone replacement/repair, dental applications, wound
healing and controlled drug delivery (Cui et al., 2010; Rujitanaroj,
Pimpha, & Supaphol, 2008; Schneider, Wang, Kaplan, Garlick, &
Egles, 2009; Shafei & Abou-Okeil, 2011; Zeng et al., 2003). Cellulose
and its derivatives are widely used as versatile materials because of
its low cost and its processability into different forms. Unlike starch,
it has low water solubility; therefore it allows better control over
scaffold design, textile, filtering, etc. However, their applications
are still limited due to the lack of antimicrobial activity. Recently,
it has been found that these limitations can be overcome by the
incorporation of antimicrobial nanoparticles into it (Son, Youk, Lee,
& Park, 2004; Son, Youk, & Park, 2006). ZnO is a direct wide band
gap semiconductor (Eg=3.4eV). The high exciton binding energy
(~60 meV) of this material ensures that it is a promising candidate
for stable room temperature luminescent and lasing devices. More-
over, ZnO is a bactericide and inhibits both Gram positive and Gram
negative bacteria (Dai, Chen, Wang, Zhou, & Hu, 2003; Tam et al.,
2008).

Microbial contamination is a life-threatening issue in food
industry, synthetic textiles, packaging, and healthcare care prod-
ucts (Li, Mahendra, et al., 2008; Li, Shao, et al., 2008). Among the
various kinds of pathogenic microorganisms, Staphylococcus and
Escherichia coli are closely related species that commonly cause a
wide variety of infections and diseases (Bae et al., 2010; Panacek
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Fig. 1. SEM image of the ZnO embedded CA membrane with varied polymer concentrations: (a) 6 wt%, (b) 8 wt%, (c) 10wt%, (d) 12 wt%, (e) 14 wt%, and (f) energy dispersive

X-ray spectra analysis (EDAX).

et al., 2009). Therefore, the development of antimicrobial surface
coating has attracted increased attention to prevent the micro-
bial contamination (Perelshtein et al., 2009). The use of inorganic
antimicrobial agents has gained importance because of their abil-
ity to withstand adverse processing condition as compared to
organic antimicrobial agents (Wu et al., 2009; Yuvaraj, Kaushik,
& Narasimha, 2010). The ability to prepare nanobiocomposites of
cellulose acetate and ZnO, paves a way to develop new biocidal
agents.

The self-cleaning effect caused by superhydrophobicity is
needed for many applications such as self cleaning and anti-
fouling coatings. Till date, various methods have been adopted
by researchers to produce superhydrophobic surfaces (Tarwal &
Patil, 2010). Therefore, developing a simple approach to fabri-
cate the superhydrophobic surface without further coating of low
surface energy material is important and scientifically challeng-
ing.

In this study, we report the successful preparation and optimiza-
tion of ZnO embedded CA membrane and also characterization of
this biocomposite membrane based on the optical, bactericidal and
water repellent properties.

2. Experimental details
2.1. Materials

Cellulose acetate (CA, My =25,000) was purchased from Aldrich.
Zinc acetate dehydrate, dimethyl formamide (DMF) and acetone
were purchased from Sisco Research Laboratories - India.

2.2. Experimental procedure

Initially 0.2 mol of zinc acetate dihydrate was dissolved in mix-
ture of DMF/acetone in the ratio of 4:1. Then the cellulose acetate
(14wt%) was added in to the sol solution and stirred for 5h to
achieve the homogeneous solution which is finally considered as
a precursor solution for electrospinning. The concentration of the
CA solution was varied between 6 and 14 wt%. The electrospinning
process was performed in a similar way as reported in our previ-
ous work (Anitha, John Thiruvadigal, & Natarajan, 2011). The flow
rate was kept constant at 0.4 ml/h. The distance between the elec-
trodes was about 12 cm. The collected composite membrane was
dried initially at 80°C for 6 h.
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Fig. 2. TEM image of the composite fiber and SAED patterns (inset in the left top of
the figure). The ZnO nanoparticles are clearly seen in surface of the fibers.

2.3. Measurements and characterization

The scanning electron microscopy (SEM) (Quanta 200 FEG) was
used to analyze the sample morphology and energy dispersive X-
ray spectroscopy (EDS) analysis gave the chemical composition of
the sample. The functional groups present in the sample were ana-
lyzed using Fourier transform infrared (FTIR) spectroscopy (Bruker
Tensor Instrument). Photo Luminescence study was performed
using SPECTRAQ Fluorolog spectrophotometer. Measurement of
contact angle of water was performed using axisymmetric drop
shape analysis (ADSA)-easy drop goniometer (KRUSS, DSA Il GmbH,
Germany).

2.4. Antibacterial activity studies

Antibacterial tests were carried out on Gram positive bacte-
ria methicillin-resistant Staphylococcus auereus (MRSA) and Gram
negative bacteria E. coli, Klebsiella pneumoniae, Citrobacter freundii
using Kirby-Bauer disk diffusion method. The bacterial cultures
were maintained in Nutrient agar slopes at 4°C and sub cultured
on Nutrient agar plates. The isolated colonies of the respective
bacterial strains adjusted to 1-2 x 107 cfu/ml by 0.5 Mcfarland stan-
dards. The culture was inoculated on Muller-Hinton agar plates. CA
membrane disks were placed aseptically on the Muller-Hinton agar
medium which was already swabbed with the test organism. The
experiment was carried out for both CA membranes, with and with-
out ZnO nanoparticles. The plates were incubated at 37°C for 24 h
to observe the inhibition zone.

3. Results and discussion
3.1. Morphological investigation

3.1.1. SEM analysis

It is well known that the morphology of the electrospun fibers
is strongly dependent on the number of processing parameters
such as polymer concentration, voltage, and distance between the
electrodes. The influence of the various polymer concentrations
(6, 8, 10, 12 and 14 wt%) in the solution on the morphology of
fibers was examined by SEM as shown in Fig. 1a-e, respectively.
At lower concentrations, beads are formed along the fiber which
is generally considered as defects. These beads may decrease the
effective surface area of the fibers. The number of beads formed is
reduced as we go from 6 wt% to 12 wt% and the beads completely
disappeared in the case of 14 wt% of the solution. However there
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Fig.3. XRD patternof(a) cellulose acetate fibrous membrane and (b) ZnO embedded
cellulose acetate fibrous membrane.

is a considerable increase in the fiber diameter. The average
diameter of the optimized fiber was found to be 170+40nm.
The increased polymer concentration in the solution helps to
prepare the uniform defect free fiber because at higher polymer
concentrations, sufficient chain entanglements serve to stabilize
the jet by inhibiting its breakup (Anitha et al., 2011).

EDS analysis was used to identify the composition of the fibers as
shown in Fig. 1f. The elemental analysis reveals the presence of ZnO
in the fibers. The Al peak in the spectrum comes from the aluminum
foil which served as substrate. The carbon peak originates from the
polymer part of the fibers.
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Fig. 4. FTIR spectra of (a) pure CA fibrous membrane and (b) ZnO embedded CA
fibrous membrane.
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Fig. 5. PL spectra of (a) pure CA fibrous membrane and (b) ZnO embedded CA fibrous membrane.

3.1.2. TEM analysis

TEM analysis was used to analysis the dispersion efficiency of
nanoparticles in polymer matrix directly as shown in Fig. 2. The
corresponding SAED patterns of fiber are shown inset in the same
figure. From the image, it is clearly revealed that the ZnO particles
are well dispersed throughout the cellulose acetate fibers without
the presence of agglomeration.

3.2. XRD analysis

The XRD pattern of CA and ZnO embedded cellulose acetate are
shown in Fig. 3. The CA fibers exhibit the diffuse characteristics
pattern of an amorphous phase with the typical peak around 23°.
The observed peaks in the range 30-50° could be indexed as the
wurtzite structure of ZnO which is well matched with standard
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Fig. 6. Images of bactericidal effect of (a) pure fibrous CA membrane and (b) ZnO embedded CA fibrous membrane against Gram-positive methicillin-resistant Staphylococcus

aureus (MRSA) and Gram-negative E. coli, Citrobacter freundii, Klebsiella pneumoniae.

diffraction data (JCPDS: 36-145). No additional peaks are detected
and which indicates the formation of ZnO in the CA fibers (Hong,
Li, Zheng, & Zou, 2006).

3.3. FTIR analysis

The results of the FTIR analysis was used to analysis the inter-
action between ZnO and cellulose acetate. Fig. 4a and b shows the
FTIR spectra of pure CA and CA/ZnO composite fibrous membrane,
respectively. The main characteristics bands of CA were assigned
as follows: the characteristic absorption peak at 3500 cm~! can be
attributed the presence of hydroxyl group and the peaks at 1743,
1270 and 1050 cm~! corresponding to the stretching of C—O group,
ether group and —C—O— bond of the —CH,—OH group, respectively
(Saowakon, Manashuen, Jochen, Pitt, & Tipaporn, 2010).

In Fig. 4b, in addition to the characteristics peak of CA, a new
peak around 477 cm~! is assigned to the Zn—O vibration which fur-
ther confirms the formation of ZnO. By comparing the IR spectra of
ZnO/CA composite fibrous membrane with that of pure CA fibrous
membrane, the characteristics peak of —OH group was shifted to
3471cm~! from 3450cm~! as shown in figure. Similar shift are
observed for the peaks located at 1743, 1370 and 1050 cm~'. The
observed shifts in the peaks may be described due to the formation
of hydrogen bonding between ZnO and CA (Sui, Shao, & Liu, 2007).

3.4. PL studies

In order to investigate the quality and purity of the sample,
PL spectrum was recorded for both CA and CA/ZnO composite
fibrous membrane shown in Fig. 5a and b, respectively. It is well
known that a typical spectrum of ZnO has two major character-
istic peaks: a UV near-band-edge (NBE) whose peak emission is
around 380 nm and deep-level (DL) emission in the visible region
(Guo, Ji, Xu, Simon, & Wu, 2002; Li et al., 2004; Viswanathamurthi,
Bhattarai, Kim, & Lee, 2004). In the PL spectrum of CA/ZnO com-
posites membrane exhibits both characteristics bands of CA and
ZnO and the characteristics peaks remained the same as observed
in their single component. However, there is no significant change
in the observed emission spectra. It clearly indicates that the emis-
sion features of cellulose acetate are not significantly affected by
the embedded ZnO nanoparticles. In addition to this, yet another
interesting observation is that visible emission was quenched in

the observed spectra which may be the result of the surface pas-
sivation of ZnO with CA (Richters, Voss, Wischmeier, Ruckmann, &
Gutowski, 2008).

3.5. Bactericidal properties

The antimicrobial properties of the fibrous CA (Fig. 6a) and ZnO
impregnated CA (Fig. 6b) were evaluated against both Gram posi-
tive and Gram negative bacteria under normal lighting condition.
Here, Kirby Bauer technique was adopted to evaluate the antimicro-
bial activity. The bare CA fibrous membrane was used as a control.
According to the results obtained, no detectable inhibition Zones
were seen for the bare CA. Conversely, the significant Zones were
observed for ZnO embedded CA. The diameters of the zone of inhi-
bition around the membranes after one day were measured to be
27 mm, 22 mm, 14 mm for Methicillin-resistant S. aureus (MRSA),
E. coli and C. freundii, respectively. However, no antibacterial activ-
ity was shown against K. pneumoniae. It is seen that the composite
membrane had a stronger influence on MRSA than E. coli. Such
results are in a good agreement with the previously reported liter-
ature (Dastjerdi & Montazer, 2010; Wang et al., 2008). The nature
of cell wall structure is one of the possible reasons for observed
difference in sensitivity.

The S. aureus is composed of multi layers of peptidoglycan which
has plenty of pores that could render them more susceptible to the
intracellular transduction by the nanoparticles leading to cell dis-
ruption (Inphonlek, Pimpha, & Sunintaboon, 2010; Li, Guo, et al.,
2010; Li, Feng, et al., 2010). In contrast, the cell wall of E. coli is
relatively thin mainly consisting of peptidoglycan and an outer
layer of lipopolysaccharide, lipoprotein, and phospholipids, which
would be less prone to the attack of the nanoparticles. There-
fore, the nanoparticles had higher antibacterial activity against
S. aureus than E. coli (Mosnier et al., 2009; Zhongbing et al.,
2008). To date, several mechanisms have been postulated for
the antimicrobial property of ZnO nanoparticles (Applerot et al.,
2009; Nadanathangam, Kumar, Kathe, Varadarajan, & Prasad, 2006;
Wahab, Mishra, Yun, Kim, & Shin, 2010; Zhang, Jiang, Ding, Povey, &
York, 2007). However, much remains unknown mechanism will be
the subject of future research. The reason for such an observation
in composite fibrous membrane under normal lighting condition
is not totally clear yet. A thorough survey of literature till date,
have made us assume that the antimicrobial effects of composite
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Fig. 7. The optical photograph of water droplet on (a) pure and (b) ZnO embedded CA fibrous membrane.

membrane might be associated with the presence of an electro-
static attraction between the positively charged nanoparticles and
the negatively charged bacteria (Harris & Richards, 2004; Li, Guo,
etal, 2010; Li, Feng, et al., 2010; Sivakumar et al., 2010; Stoimenov,
Klinger, Marchin, & Klabunde, 2002).

It is a well known fact that, both Gram positive and Gram neg-
ative bacteria have negative charge. The peptidoglycan layer of
Gram positive bacterium is rich in teichoic acids, which are neg-
atively charged due to presence of phosphate in their structure. On
the other hand, the highly charged lipopolysaccharides, which are
the major constituents of the outer membrane of Gram negative

bacterium, impart a strong negative charge to surface of the bacte-
rial cells (Brayner et al., 2006; Koga, Kitaoka, & Wariishi, 2009).

The work of Vimala et al. (2010) which is related to our report,
is considered for a comparative account. They demonstrated that
the presence of pores in fiber structure is one of the reasons
for superior antibacterial activity. The fact that the porous struc-
ture absorbs large quantity of water, enormous amount of silver
nanoparticles, as a result, is released in to the media. These results
cannot be applied to the current work, since the result of WCA
measurements confirmed the hydrophobic nature of the prepared
sample.
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The surface area in contact with the microorganisms deter-
mines the antibacterial activity. As the electrospun fibers have
large surface area, broad range of probable reaction with surface
of the cell wall is possible, when compared to one-dimensional
nanostructures prepared using any other physical/chemical meth-
ods. Moreover, this method produces nanoparticles which are
homogenous and monodispersed. The absence of aggregation of the
particles is one of the most distinguishing features of this method.
Other chemical methods used for synthesis of nanoparticles in
polymers lead to aggregation of particles resulting in decreased
antibacterial activity. Yet another factor which is responsible for
high antibacterial activity is the enhanced dispersion stability of
ZnO nanoparticles in the CA fibers.

3.6. Wettability studies

Contact angle measurement was carried out to evaluate the
wetting properties of the fibrous membrane. Most of the previ-
ous studies focused on the preparation of hydrophobic and super
hydrophobic surface by appropriate surface modification of the
sample (Ding, Ogawa, Kim, Fujimoto, & Shiratori, 2008; Patra,
Sarkar, Bera, Ghosh, & Paul, 2009; Tarwal & Patil, 2010). Still, it is
difficult to achieve the super hydrophobic surface without chemical
modification of the sample. Fig. 7a and b shows the contact angle
of a water droplet on the fibrous membrane for duration of 30s.

In the case of pure CA fibrous membrane, the measured con-
tact angle was found to be 47° initially and the contact angle
decreases rapidly from 47° to 31°. The observed hydrophobicity
of ZnO embedded CA is about 124°, which is much higher than that
of the pure CA fibers. The value of the WCA does not change signif-
icantly from that observed initial value. From the observed result,
it was concluded that the wetting property of the CA has changed
from hydrophilic to hydrophobic when ZnO was impregnated into
it.

Trapping of more air under water droplets falling on the fibers
could be a result of the surface roughness of the fibers caused by
electrospinning as well as the presence of nano ZnO. On comparison
with the work by Bin Ding, where fabrication of superhydropho-
bic cellulose acetate (WCA of 132°) was done using simple sol-gel
coating of decyltrimethoxysilanet and tetraethylorthosilicate (Ding
et al,, 2006), ZnO impregnated cellulose acetate fibrous showed
not only the superhydrophobic nature (WCA 124°) but also a good
bactericidal property.

4. Conclusion

ZnO embedded cellulose acetate fibrous membrane has been
prepared by electrospinning method. From the analysis of FTIR
spectra, it could be concluded that the formation of hydrogen
bond between ZnO and CA. The ZnO embedded fibrous membrane
showed a better water repellent property than pure CA mem-
brane. The sample exhibited strong antibacterial activity against
the S. aureus, E. coli and Citrobacter. Moreover, the wettability of
the surface can be changed from hydrophilic to hydrophobic. Our
simple method provides a new approach to fabricate the hydropho-
bic surface without need for further surface treatment. Therefore,
the electrospinning technique could be considered as the best
suited method for synthesis of composite fibrous membrane, since
agglomeration of nanoparticles is prevented and the contact area
between the surface and the microorganisms is increased.

References

Anitha, S.,John Thiruvadigal, D., & Natarajan, T. S.(2011). A study of defect controlled
morphology of organic/inorganic composite nanofibers with different heat flow
rates. Materials Letters, 65, 167-170.

Applerot, G., Lipovsky, A., Dror, R, Perkas, N., Nitzan, Y., Lubart, R,, et al. (2009).
Enhanced antibacterial activity of nanocrystalline ZnO due to increased ROS-
mediated cell injury. Advanced Functional Materials, 19, 842-852.

Bae, E., Park, H. J., Lee, ], Kim, Y., Yoon, ]., Park, K, et al. (2010). Bacterial
cytotoxicity of the silver nanoparticle related to physicochemical metrics
and agglomeration properties. Environmental Toxicology & Chemistry, 29(10),
2154-2160.

Brayner, R,, Ferrari-Iliou, R., Brivois, N., Djediat, S., Benedetti, M. F., & Fievet, F. (2006).
Toxicological impact studies based on Escherichia coli bacteria in ultrafine ZnO
nanoparticles colloidal medium. Nano Letters, 6(4), 866-870.

Cui, W., Li, X,, Xie, C., Chen, J., Zou, ], Zhou, S., et al. (2010). Controllable growth of
hydroxyapatite on electrospun poly(pL-lactide) fibers grafted with chitosan as
potential tissue engineering scaffolds. Polymer, 51, 2320-2328.

Dai, L., Chen, X. L., Wang, W. ]., Zhou, T., & Hu, B. H. (2003). Growth and lumines-
cence characterization of large-scale zinc oxide nanowires. Journal of Physics:
Condensed Matter, 15,2221-2226.

Dastjerdi, R., & Montazer, M. (2010). A review on the application of inorganic nano-
structured materials in the modification of textiles: Focus on anti-microbial
properties. Colloids and Surfaces B: Biointerfaces, 79, 5-18.

Ding, B., Li, C,, Hotta, Y., Kim, J., Kuwaki, O., & Shiratori, S. (2006). Conversion of
an electrospun nanofibrous cellulose acetate mat from a super-hydrophilic to
super-hydrophobic surface. Nanotechnology, 17, 4332-4339.

Ding, B., Ogawa, T., Kim, J., Fujimoto, K., & Shiratori, S. (2008). Fabrication of a super-
hydrophobic nanofibrous zinc oxide film surface by electrospinning. Thin Solid
Films, 516(9), 2495-2501.

Greiner, A., & Wendorff, J. H. (2007). Electrospinning: A fascinating method for
the preparation of ultra fibers. Angewandte Chemie International Edition, 46,
5670-5703.

Guo, L, Ji, Y.L, Xu, H., Simon, P., & Wu, Z. (2002). Regularly shaped, single-crystalline
Zn0 nanorods with wurtzite structure. Journal of the American Chemical Society,
124, 14864-14865.

Harris, L. G., & Richards, R. G. (2004). Staphylococcus aureus adhesion to different
treated titanium surfaces. Journal of Materials Science: Materials in Medicine, 15,
311-314.

Hong, Y., Li, D., Zheng, ]., & Zou, G. (2006). In situ growth of ZnO nanocrystals from
solid electrospun nanofiber matrixes. Langmuir, 22, 7331-7334.

Inphonlek, S., Pimpha, N., & Sunintaboon, P. (2010). Synthesis of poly(methyl
methacrylate) core/chitosan-mixed-polyethyleneimine shell nanoparticles and
their antibacterial property. Colloids and Surfaces B: Biointerfaces, 77,219-226.

Joshi, P., Zhang, L., Davoux, D., Zhu, Z., Galipeau, D., Fong, H., et al. (2010). Com-
posite of TiO, nanofibers and nanoparticles for dye-sensitized solar cells with
significantly improved efficiency. Energy & Environmental Science, 3,1507-1510.

Koga, H., Kitaoka, T., & Wariishi, H. (2009). In situ synthesis of silver nanoparticles on
zinc oxide whiskers incorporated in a paper matrix for antibacterial applications.
Journal of Materials Chemistry, 19, 2135-2140.

Li, D., Leung, Y. H., Djurisic, A. B., Liu, Z. T., Xie, M. H., Shi, S. L., et al. (2004). Different
origins of visible luminescence in ZnO nanostructures fabricated by the chemical
and evaporation methods. Applied Physics Letters, 85, 1601-1603.

Li, D., & Xia, Y. (2004). Electrospinning of nanofibers: Reinventing the wheel?
Advanced Materials, 16, 1151-1170.

Li, J., Guo, D., Wang, X., Wang, H., Jiang, H., & Chen, B. (2010). The photodynamic
effect of different size ZnO nanoparticles on cancer cell proliferation in vitro.
Nanoscale Research Letters, 5, 1063-1071.

Li, Q., Mahendra, S., Lyon, D. Y., Brunet, L., Liga, M. V., Li, D, et al. (2008). Antimi-
crobial nanomaterials for water disinfection and microbial control: Potential
applications and implications. Water Research, 42, 4591-4602.

Li, X,, Feng, X., Yang, S., Fu, G., Wang, T., & Su, Z. (2010). Chitosan kills Escherichia coli
through damage to be of cell membrane mechanism. Carbohydrate Polymers, 79,
493-499.

Li, X. H,, Shao, C. L, Liy, Y. C, Chu, X. Y., Wang, C. H,, & Zhang, B. X. (2008).
Photoluminescence properties of highly dispersed ZnO quantum dots in
polyvinylpyrrolidone nanotubes prepared by a single capillary electrospinning.
Journal of Chemical Physics, 129, 114708-114715.

Mackay, M. E., Tuteja, A., Duxbury, P. M., Hawker, C. J., Van Horn, B., Guan, Z.,
et al. (2006). General strategies for nanoparticle dispersion. Science, 311(5768),
1740-1743.

Mosnier, J. P., O’'Haire, R. J., McGlynn, E., Henry, M. O., McDonnell, S. ]., Boyle, M. A.,
etal.(2009).ZnO films grown by pulsed-laser deposition on soda lime glass sub-
strates for ultraviolet inactivation of Staphylococcus epidermidis biofilms. Science
and Technology of Advanced Materials, 10, 045003.

Nadanathangam, V., Kumar, S., Kathe, A. A., Varadarajan, P. V., & Prasad, V. (2006).
Functional finishing of cotton fabrics using zinc oxide soluble starch nanocom-
posites. Nanotechnology, 17, 5087-5095.

Nah, C, Lee,Y.S.,Cho,B.H.,Yu,H. C., Akle, B.,& Leo, D.].(2008). Preparation and prop-
erties of nanofibrous nafion mats for ionic polymer metal composites. Composite
Science and Technology, 68, 2960-2964.

Oberdisse, J. (2006). Aggregation of colloidal nanoparticles in polymer matrices. Soft
Matter, 2, 29-36.

Panacek, A., Kolar, M., Vecerova, R., Pruceka, R., Soukupova, J., Krystof, V., et al. (2009).
Antifungal activity of silver nanoparticles against Candida spp. Biomaterials, 30,
6333-6340.

Patra, S., Sarkar, S., Bera, S. K., Ghosh, R., & Paul, G. K. (2009). Hydrophobic self-
cleaning surfaces of ZnO thin films synthesized by sol-gel technique. Journal of
Physics D: Applied Physics, 42, 075301.

Perelshtein, 1., Applerot, G., Perkas, N., Wehrschetz-Sigl, E., Hasmann, A., Gueb-
itz, G. M., et al. (2009). Antibacterial properties of an in situ generated and


http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150

S. Anitha et al. / Carbohydrate Polymers 97 (2013) 856-863 863

simultaneously deposited nanocrystalline ZnO on fabrics. Applied Materials &
Interfaces, 2(1), 363-366.

Richters, J. P., Voss, T., Wischmeier, L., Ruckmann, 1., & Gutowski, J. (2008). Influence
of polymer coating on the low-temperature photoluminescence properties of
ZnO nanowires. Applied Physics Letters, 92,011103.

Rujitanaroj, P., Pimpha, N., & Supaphol, P. (2008). Wound-dressing materials with
antibacterial activity from electrospun gelatin fiber mats containing silver
nanoparticles. Polymer, 49, 4723-4732.

Saowakon, W., Manashuen, P., Jochen, W., Pitt, S., & Tipaporn, Y. (2010). Elec-
trospinning of food-grade nanofibers from cellulose acetate and egg albumen
blends. Journal of Food Engineering, 98, 370-376.

Schneider, A., Wang, X. Y., Kaplan, D. L., Garlick, J. A., & Egles, C. (2009). Biofunc-
tionalized electrospun silk mats as a topical bioactive dressing for accelerated
wound healing. Acta Biomaterialia, 5, 2570-2578.

Seoudi, R., Abd, E. M. S., & Shabaka, A. A. (2008). Effect of polyvinyl alcohol matrices
on the structural and spectroscopic studies of CdSe nanoparticle. Physica B, 403,
1781-1786.

Shafei, A. E., & Abou-Okeil, A. (2011). ZnO/carboxymethyl chitosan bionano-
composite to impart antibacterial and UV protection for cotton fabric.
Carbohydrate Polymers, 83, 920-925.

Sivakumar, P. M., Balaji, S., Prabhawathi, V., Neelakandan, R., Manoharan, P. T., &
Doble, M. (2010). Effective antibacterial adhesive coating on cotton fabric using
Zn0 nanorods and chalcone. Carbohydrate Polymers, 73, 717-723.

Smith, G. D., & Bedrov, D. (2009). Dispersing nanoparticles in a polymer matrix: Are
long, dense polymer tethers really necessary? Langmuir, 25(19), 11239-11243.

Son, W. K, Youk, J. H, Lee, T. S., & Park, W. H. (2004). Preparation of antimicrobial
ultrafine cellulose acetate fibers with silver nanoparticles. Macromolecular Rapid
Communication, 25, 1632-1637.

Son, W.K, Youk,].H., & Park, W. H.(2006). Antimicrobial cellulose acetate nanofibers
containing silver nanoparticles. Carbohydrate Polymers, 65, 430-434.

Stoimenov, P. K., Klinger, R. L., Marchin, G. L., & Klabunde, K. J. (2002). Metal oxide
nanoparticles as bactericidal agents. Langmuir, 18, 6679-6686.

Sui, X., Shao, C.,, & Liu, Y. (2007). Photoluminescence of polyethylene oxide-ZnO
composite electrospun fibers. Polymer, 48, 1459-1463.

Sundaray, B., Subramanian, V., Natarajan, T. S., Xiang, R. Z., Chang, C. C., & Fann, W.
S. (2004). Electrospinning of continuous aligned polymer fibers. Applied Physics
Letters, 84, 1222.

Tam, K. H., Djurisic, A. B., Chan, C. M. N,, Xi, Y. Y., Tse, C. W., Leung, Y. H., et al. (2008).
Antibacterial activity of ZnO nanorods prepared by a hydrothermal method. Thin
Solid Films, 516, 6167-6174.

Tarwal, N. L., & Patil, P. S. (2010). Superhydrophobic and transparent ZnO thin
films synthesized by spray pyrolysis technique. Applied Surface Science, 256,
7451-7456.

Vimala, K., Murali, M. Y., Samba, S. K., Varaprasad, K., Ravindra, S., Narayana, R.
N., et al. (2010). Fabrication of porous chitosan films impregnated with silver
nanoparticles: A facile approach for superior antibacterial application. Colloids
and Surfaces B: Biointerfaces, 76, 248-258.

Viswanathamurthi, P., Bhattarai, N., Kim, H. Y., & Lee, D. R. (2004). The photolu-
minescence properties of zinc oxide nanofibers prepared by electrospinning.
Nanotechnology, 15, 320-323.

Wahab, R., Mishra, A, Yun, S. I, Kim, Y. S., & Shin, H. S. (2010). Antibacterial activ-
ity of ZnO nanoparticles prepared via non-hydrolytic solution route. Applied
Microbiology and Biotechnology, 87, 1917-1925.

Wang, Y., Du, G, Liu, H,, Liu, D, Qin, S., Wang, N., et al. (2008). Nanostructured
sheets of Ti-O nanobelts for gas sensing and antibacterial applications. Advanced
Functional Materials, 18, 1-7.

Wu, Y., Jia, W,, An, Q., Liu, Y., Chen, J., & Li, G. (2009). Multiaction antibacterial
nanofibrous membranes fabricated by electrospinning: An excellent system for
antibacterial applications. Nanotechnology, 20, 245101.

Yang, X., Shao, C., Guan, H., Li, X., & Gong, ]. (2004). Preparation and characteriza-
tion of ZnO nanofibers by using electrospun PVA/zinc acetate composite fiber as
precursor. Inorganic Chemistry Communications, 7, 176-178.

Yuvaraj, D., Kaushik, R., & Narasimha, R. K. (2010). Optical, field-emission, and
antimicrobial properties of ZnO nanostructured films deposited at room
temperature by activated evaporation. Applied Materials and Interfaces, 2(4),
1019-1024.

Zeng, ]., Xu, X., Chen, X,, Liang, Q., Bian, X,, Yang, L., et al. (2003). Biodegrad-
able electrospun fibers for drug delivery. Journal of Controlled Release, 92,
227-231.

Zhang, D., Karki, A. B, Rutman, D., Young, D. P.,, Wang, A, Cock, D., et al
(2009). Electrospun polyacrylonitrile nanocomposite fibers reinforced with
Fe304 nanoparticles: Fabrication and property analysis. Polymer, 17,4189-4198.

Zhang, L., Jiang, Y., Ding, Y., Povey, M., & York, D. (2007). Investigation into the
antibacterial behaviour of suspensions of ZnO nanoparticles (ZnO nanofluids).
Journal of Nanoparticle Research, 9, 479-489.

Zhongbing, H., Xu, Z., Danhong, Y., Guangfu, Y., Xiaoming, L., Yunquing, K., et al.
(2008). Toxicological effect of ZnO nanoparticles based on bacteria. Langmuir,
24(8), 4140-4144.

Zhuanga, X., Cheng, B., Kang, W., & Xu, X. (2010). Electrospun chitosan/gelatin
nanofibers containing silver nanoparticles. Carbohydrate Polymers, 82, 524-527.


http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0280
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285
http://refhub.elsevier.com/S0144-8617(13)00475-X/sbref0285

	Optical, bactericidal and water repellent properties of electrospun nano-composite membranes of cellulose acetate and ZnO
	1 Introduction
	2 Experimental details
	2.1 Materials
	2.2 Experimental procedure
	2.3 Measurements and characterization
	2.4 Antibacterial activity studies

	3 Results and discussion
	3.1 Morphological investigation
	3.1.1 SEM analysis
	3.1.2 TEM analysis

	3.2 XRD analysis
	3.3 FTIR analysis
	3.4 PL studies
	3.5 Bactericidal properties
	3.6 Wettability studies

	4 Conclusion
	References


