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1. Introduction

Electrospinning is an environmental
friendly method for production of
nanofibers with unique properties
that enables them to be used in versa-
tile applications [1]. Due to their
small diameter (from few tens to hun-
dreds of nanometers), high porosity,
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The aim of the present study was to prepare a polysaccharide (cellulose ac-
etate) based nanofibrous sensor for detection of pH change in the wound
environment. In order to prepare cellulose acetate (CA) nanofibers, acetic
acid was used as a solvent, and fabrication of fibers was performed on the
needle-less electrospinning apparatus. Long uniform CA nanofibers, with
diameters ranging from 250 to 300 nm, were electrospun from 15 wt% CA
and 85% acetic acid, with addition of halochromic dye (Bromocrezol Green).
The addition of Bromocrezol Green in the spinning formulation did not affect
the fiber formation. Prepared nanofibrous sensors were characterized using
CIE color space analysis in order to evaluate the color due to pH change.
Nanofibrous sensors exhibit yellow color when exposed to pH4 and lower,
simulating the wound environment beneficial to the wound healing, and blue
color when exposed to pH 9 and higher, simulating the environment that
hampers wound healing (chronic, infected wounds).

Key words: electrospinning, polysaccharide (CA) nanofibers, pH-sensitive
dyes, sensors

small pore size and large active sur-
face area [2], they became interesting
material for biomedical applications,
e.g. tissue engineering, vascular
grafts, tissue repair, wound healing,
and drug delivery [3]. All biochemi-
cal processes in the body, including
wound healing, are influenced by pH.
It is known that normal, healthy skin
is slightly acidic (pH 4-6) and body’s
internal pH is 7.4. In case of a skin
injury, the acidic environment of the
skin is disturbed and body's internal

pH is exposed. However, when bac-
teria infect the wound, the pH is in-
creased to alkaline region (pH 7-8)
and the wound fails to heal [4]. The
change in wound environments’ pH
is a very important information for
the medical treatment of wounds; in
these applications, electrospun nano-
fibers with high surface/volume ratio
can be used as biosensors.

There have been few reports dealing
with the preparation of electrospun
pH-sensor nanofibers for different
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Fig.1 Schematic comparison of single needle electrospinning and needle-less electrospinning

applications e.g. smart packaging [5],
textiles [6], tissue engineering and
microbiological studies [7] by using
indicator dyes, halochromic chemical
compounds, which absorb different
wavelengths of visible light depend-
ing on the pH. Nanofibers with pH-
function can be prepared by subse-
quent dyeing procedure or by adding
the pH-sensitive dye in the spinning
solution prior to the fiber formation.
In the present study, we report about
the preparation of polysaccharide
nanofiber mats with incorporated pH-
sensitive dye, Bromcresol Green that
has a pH range from 3.8 to 5.4, with
color change from yellow to blue. For
fiber formation cellulose acetate
(CA) was used, which is extensively
used in different electrospinning ap-
plications [8,9], since it can be easily
converted to cellulose. Different sol-
vents for electrospinning of CA have
been used, e.g. chloroform, metha-
nol, N,N-dimethylformamid, dichlo-
romethane, pyridine, and their mix-
tures [10]. In our study, acetic acid
was employed as solvent, which was
first reported by Han [11]. For forma-
tion of nanofibers they used 17 wt%
concentration of CA dissolved in
70% or higher concentration of acetic
acid, by using single needle electros-
pinning setup. In our research, we
used needle-less electrospinning ap-
paratus EIMarco Nanospider, which
is, in comparison to electrospinning
single needle setup, slightly modi-
fied; a high voltage power supply (up

to 80 kV), feeding unit (a bathtub
with rotating electrode — cylinder or
wire) and a grounded collector (cyl-
inder or wire electrode), seen in
Fig.1. When an external electric field
is applied, the polymer solution, cov-
ering the rotating electrode, is
charged, causing the formation of
conical droplets, due to the equilib-
rium of polymer surface tension and
applied electric field. With increasing
voltage, the electric field overcomes
the polymer solutions’ surface ten-
sion and jets start to form spontane-
ously on the free liquid surface. The
polymer jets solidify on their way
towards the collecting electrode and
are collected as nonwoven fabric
[12,13]. The production rate of Nano-
spider setup is up to several 10g of
fibres per hour, making it suitable for
large-scale production [14,15].

2. Materials and methods
2.1. Materials

Cellulose acetate (CA), with Mn=
30.000 and acetic acid (> 99.8 %)
were kindly supplied by Sigma Al-
drich. Pegatex® S non-woven, sup-
plied by PEGAS NONWOVENS
8.1.0. (Znojmo, Czech Republic) was
used as a mat for nanofiber deposi-
tion. The mat is a non-woven fabric
manufactured by means of spun bond
technology made from 100 % poly-
propylene fibers.

pH-sensitive dye Bromocrezol Green
was purchased from Kemika.

2.2. Preparation of
electrospinning solutions

12, 15 and 17 wt% cellulose acetate
(CA) solutions were prepared by dis-
solving appropriate amount of CA in
different concentrations of acetic acid
(75, 80 and 85 %). All the solutions
were stirred until a homogenous mix-
ture was obtained. For characteriza-
tion of viscosity, surface tension and
conductivity of prepared solutions,
Fungilab Viscometer, Goniometer
OCA35 Dataphysics and Mettler To-
ledo Conductivity Meter, were used,
respectively.

Electrospun solutions with pH sensi-
tive dyes were prepared from 15wt%
CA solution in 85 % acetic acid, by
adding pH-sensitive dye and stirred
for 2 hours. Concentration of pH-
sensitive dyes was 0,5 wt% relative
to the CA mass in the solution.

2.3. Electrospinning

Electrospinning was performed on
the pilot scale apparatus Nanospider
NS Lab 500 from EIMarco Co. Fiber
formation was performed by intro-
ducing the polymer solution in the
Nanospider bathtub, where the wired
electrode was placed. Process param-
eters were; voltage 75 kV, electrode
distance: 160 mm, wired electrode
rotation speed: 3,8 rpm and collecting
time: 40 min.

2.4. Fiber characterization

Fiber morphology was analyzed by
using scanning electron microscopy
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Fig.2 Viscosity and conductivity of prepared electrospinning solutions
with different concentrations of acetic acid (AA) and cellulose acetate (CA)

(FE-SEM SUPRA 35 VP, Carl Zeiss).
Fibrous samples were placed on a
sample holder by using conductive
carbon tape. The samples were ana-
lyzed with 1 kV accelerating voltage
and working distance of 4,5 mm.

For testing of nanofibers’ color
change the following solutions were
used: for pH 0-2 different molarities
of HCI, for pH 4, citrate buffer, for

CA
. ) 12% CA
Acetic acid

pH 7, phosphate buffer, for pH 9,
carbonate-bicarbonate buffer, for pH
10 - 14 different molarities of NaOH.
Nanofibrous samples were soaked in
prepared buffer solution for 1 min. In
order to evaluate the color change,
CIE color measurements were per-
formed within a spectral range of
400-700 nm wavelengths by means
of a two-ray Spectraflash SF600 Plus

15% CA

the solution parameters that have big-
gest influence on the formation of
nanofibers. The results, from solu-
tions surface tension measurements,
show values 34 mN/m, irrespectively
to the composition of the solvent and
CA concentration. However, in the
case of the viscosity measurements
(Fig.2) an expected increase is ob-
served with increasing concentration
of CA. While, on the other hand, a
decrease in conductivity of solutions
with increasing concentration of ace-

17% CA

75%

80%

85%

Fig.3 SEM micrographs of CA nanofibers electrospun from different CA concentration dissolved in different concentrations

of acetic acid
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Fig.4 SEM micrographs of electrospun CA nanofibers without - a) and with incorporated Bromocrezol Green - b)
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tic acid was observed, which could be
attributed to dissociation of solvent
- acetic acid. As the content of water
in acetic acid solution is decreasing,
the dissociation of ions becomes
more difficult, which results in lower
charge densities in CA solutions [11].
In order to determine an optimal solu-
tion formulation, which is required to
obtain smooth and uniform nanofi-
bers, SEM microscopy was used. In
Fig.3, SEM micrographs of nanofi-
bers are shown. We can observe dif-
ferent morphologies depending on the
CA concentration as well as concen-
tration of solvent. SEM micrographs
of 12 wt % CA in all solvent concen-
trations show hollow spheres or par-
ticles due to inadequate solution for-
mulation leading to emergence of
electrospraying. When the solution

viscosity is to low, the polymer jets
are disintegrating in droplets, before
they reach the collecting material, due
to the effect of surface tension. How-
ever, with an increase in CA concen-
tration to 15 wt%, the beaded mor-
phology of nanofibers is reduced and
by increasing the concentration of
acetic acid (80 and 85%) the beads are
completely absent and uniform fibers
with diameter from 300-400 nm are
formed. Nanofibers, electrospun from
17wt% CA, show uneven size and
shape with diameter ranging from 500
—1000nm, independent on the solvent
concentration. Increase in fiber diam-
eter with thicker parts alongside the
fibers’ axis is due to the high viscosity
of the polymer solution, causing un-
even movement of the polymer jet
from the electrode surface to the col-

lecting material. According to these
results, we can conclude, that uniform
nanofibers are formed with the solu-
tion formulation of 15wt% CA dis-
solved in 85% acetic acid, which was
used in further research.

In order to prepare pH-sensitive na-
nofibers, halochromic dye Bromo-
crezol Green was added to defined
optimal spinning solution. In Fig.4,
SEM micrographs of electrospun
nanofibers without and with Bromo-
crezol Green are shown in order to
evaluate the effect of dye on the elec-
trospinning. We observed that the ad-
dition of pH-sensitive dye did not
influence the fiber morphology, fibers
are uniform with diameter ranging
from 250 — 300 nm.

Prepared nanofibrous mats with in-
corporated pH-sensitive dye were ex-
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posed to solutions with different pH
values and the color change was ana-
lyzed using spectrophotometer. Color
change took place in approximately
10 seconds upon exposure. For com-
paring the samples’ color, the CIE
(International Commission of I[llumi-
nation) color coordinates have been
determined and the results are shown
in Fig.5. A color is defined by a* and
b* color values, where a* represents
the position on green/red axis, nega-
tive value indicates green, and posi-
tive value red region. b* represents
the position of sample on yellow and
blue axis, negative value represents
blue and positive value represents yel-
lowness. Fig.5 clearly shows that ex-
posure of dye-functionalized nanofi-
bers to low pH values (high acidic
region) turns the color to yellow,
while neutral environment (pH 7),
changes the color to green with an
only slight yellowish tint. When elec-
trospun mats are exposed to alkaline
pH, they turn blue with slightly green
tint. Since pH values in wound envi-
ronment change from pH4 to pH9,
developed nanofibrous sensors should
give immediately observed color
change in this region that patients can
quickly assess. Therefore, prepared
nanofibrous mats show excellent re-
sults since they show yellow color in
environment that is desirable for suc-
cessful wound healing and blue color
when the wound environment does
not allow the wound to heal. By using
these kinds of sensors in wound dress-
ings, the patients would be able to
establish the status of wound healing
on their own. Benefits in sensing the
wound environment include reduc-
tion of hospitalization time, preven-
tion of amputations and better under-
standing of the processes, which im-
pair healing [4].

4. Conclusions

Presented research deals with the pre-
paration of halocromic or pH-sensi-
tive nanofibrous material for detecting
changes in wound environments’ pH
values. Nanofibrous material, as a po-
tential sensor platform, was success-
fully prepared by needle-less electro-

spinning using cellulose acetate (CA)
dissolved in acetic acid. Long and
uniform nanofibers, with diameter of
250 to 300 nm, were obtained from
polymer solutions’ formulation of 15
wt% CA and 85% acetic acid. Prior to
electrospinning, halocromic dye Bro-
mocrezol Green was added to the
spinning solution. The addition of pH-
sensitive dye did not affect the electro-
spinning process and morphology of
formed nanofibers. Developed halo-
cromic nanofibrous sensor shows dis-
tinct change in color upon exposure to
different pH environments. In acidic
pH, the sensor is colored yellow, indi-
cating a good environment for fast and
effective healing, while in the alkaline
region the sensor is colored blue, indi-
cating the infection and failing of the
wound healing. Since humans are
naturally visual and more effectively
process information in visual format,
developed sensor materials show high
potential in wound healing treatments.

Acknowledgement

The authors of this paper thank to the
Slovenian Research Agency (ARRS)
for financing this research through
the project L2-5492 and Textile
Chemistry P2-0118.

References:

[1] HuangZ., A. Zhang, M. Kotaki, S.
Ramakrishna: A review on poly-
mer nanofibers by electrospinning
and their applications in nanocom-
posites, Composite Science and
Technology 63 (2003) pp. 2223-
2253

[2]  Greiner A., J.H. Wendorft: Elec-
trospinning: A fascinating method
for preparation of ultrathin fibers,
Angewandte Chemie 46 (2007)
pp- 5670-5703

[3] Braghirolli D.I., D. Steffens, P.
Pranke: Electrospinning for regen-
erative medicine: a review of the
main topics, Drug Discovery To-
day (2014) pp. 1-30

[4] Dargaville T.R., B.L. Farrugia,
J.A. Broadbent, S. Pace, Z. Upton,
N.H. Voelcker: Sensors and imag-
ing for wound healing: A review,
Biosensors and Bioelectronics 41
(2013) pp. 30-42 http://dx.doi.
org/10.1016/j.bi0s.2012.09.029

[5]

[11]

[12]

[13]

[15]

Duncan T.V.: Applications of nan-
otechnology in food packaging
and food safety: Barrier materials,
antimicrobials and sensors, Jour-
nal of Colloid and Interface Sci-
ence 363 (2011) pp. 1-24
Schueren L.V., T. Mollet, C.
Ozgiir, K.D. Clerck: The develop-
ment of polyamide 6.6 nanofibers
with a pH-sensitive function by
electrospinning, European Poly-
mer Journal 46 (2010) pp. 2229-
2239

Devarayan K., B. Kim: Reversible
and universal pH sensing cellulose
nanofibers for health monitor,
Sensors and Actuators B: Chemi-
cal 209 (2015) pp. 281-286

Yu D.G., X.Y. Li, X. Wang, W.
Chian, Y.Z. Liao, Y. Li: Zero-order
drug release cellulose aceta-
te nanofibers prepared using co-
axial electrospinning, Cellulose
20 (2013) 1, pp. 379-389

Tian Y., M. Wu, R. Liu, Y. Li, D.
Wang, J. Tan, R. Wu, Y. Huang:
Electrospun membrane of cellu-
lose acetate for heavy metal ion
adsorption in water treatment,
Carbohydrate Polymers 83 (2011)
2, pp. 743-748

Frey M.W.: Electrospinning cel-
lulose and cellulose derivatives,
Polymer Review 48 (2008) 2, pp.
378-391

Han S.O., J.H. Youk, K.D. Min,
Y.O. Kang, W.H. Park: Electros-
pinning of cellulose acetate nano-
fibers using a mixed solvent of
acetic acid/water. Effect of solvent
composition on the fiber diameter,
Materials Letters 62 (2008) pp.
759-762

Kurec¢i¢ M., M. Sfiligoj Smole:
Electrospinning: Nanofibre Pro-
duction Method, Tekstilec 56
(2013) 1, pp. 4-12

Reneker D.H., A.L. Yarin: Electro-
spinning jets and polymer nano-
fibers, Polymer 49 (2008) pp.
2387-2425

Petrik S., M. Maly: Production
nozzle-less electrospinning nano-
fibers technology, http://www.el-
marco.com/upload/soubory/
dokumenty/66-1-1-mrs-fall-bos-
ton-09.pdf, 1.7.2014

Niu H., T. Lin: Fiber Generators in
Needleless Electrospinning, Jour-
nal of Nanomaterials (2012) pp.
1-13




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.66667
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


