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Abstract−We investigated the cause of a difference in the crystallization aspect depending on a surface area-increas-
ing material (ion exchange resin) in the vancomycin crystallization process with increased surface area per volume of
reaction solution (S/V). The result in terms of whether or not crystallization occurred was reversed when the ionic
form of the ion exchange resin was altered. In addition, it was shown that the pH range of a solution for vancomycin
crystallization was 4-7. Eventually, it was confirmed that vancomycin crystallization was affected by a change in pH of a
crystallization solution depending on the ionic form of the ion exchange resin. Furthermore, in the absence of ion
exchange resin, the time required for crystallization increased as the pH rose from 4-7. In addition, the size of the van-
comycin crystal increased as the pH decreased.
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INTRODUCTION

Vancomycin, the first glycopeptide antibiotic isolated from Amy-
colatopsis orientalis (Streptomyces orientalis, Nocardia orientalis) in
Borneo by Eli Lilly in 1956, inhibits the synthesis of cell walls of
Gram-positive bacteria, thus killing them [1,2]. Vancomycin is ef-
fective in the treatment of methicillin resistant Staphylococcus aureus
(MRSA) and also is widely used to treat endocarditis in those allergic
to penicillin or cephalosporin. In addition, it is generally used in
heart surgery using prostheses, orthopedic surgery and brain sur-
gery such as insertion of a ventriculoperitoneal shunt as a preven-
tive medicine against MRSA infection [3].

Several steps of isolation and purification are needed to purify
vancomycin obtained from microbial fermentation. The content
of vancomycin as registered in the United States Pharmacopeia
(USP) and the European Pharmacopoeia (EP) is strictly provided
for, as is the content of total impurities and the content of each im-
purity. In the U.S., the content of vancomycin must be more than
88% according to HPLC analysis as proposed the by the USP, and no
material except vancomycin must be more than 4% [4]. In Europe,
the content of vancomycin must be more than 93% according to
the EP and no material except vancomycin must be more than 4%,
as in the USP. Several steps of an isolation and purification pro-
cess are needed to meet the requirements, and a crystallization pro-
cess is commonly conducted for the final purification step in the
production of high purity drugs such as antibiotics. The crystalli-
zation technique is one method of producing and extracting solid
matter from a liquid or gas mixture [5,6], and it is a core technol-
ogy in the control of physical properties and forms of a crystalline
material as well as isolation and purification of a specific material

from a mixture. The minimum crystal particles initially formed
from the solution are called nuclei, and nucleation is classified into
homogeneous nucleation, where nuclei are generated in the liquid
state due to supersaturation, and heterogeneous nucleation, where
nuclei are generated with the assistance of external surfaces (exter-
nal impure particles, reactor wall, mixer, etc.). Homogeneous nucle-
ation can voluntarily induce nucleation by high supersaturation so
that the nucleation rate is fast. On the contrary, the heterogeneous
nucleation rate is rather slow due to relatively low supersaturation.
The supersaturation of a solute with high solubility such as a bio-
product is generally limited and a crystal particle is formed by het-
erogeneous nucleation in a number of cases [7]. In the case of van-
comycin, nucleation takes a very long time and the nucleation rate
is shortened due to the effect of a surface area-increasing material
of the reactor so that it can be called heterogeneous nucleation.
Crystallization not only improves the quality of the final product
but also produces a high value-added product. It is a simple, energy
efficient and environmentally friendly process that is widely appli-
cable and has a low fixed investment cost [8]. A method to pro-
duce high-purity and high-yield vancomycin by optimization of
key process variables (solvent, temperature, time, conductivity, pH,
agitation speed, initial vancomycin concentration, etc.) in the van-
comycin crystallization process was reported in 2010 [9]. However,
crystal formation required a long period of time (~24 hr), resulting
in low productivity in the mass-production process. An improved
crystallization process with increased surface area per volume of
reaction solution (S/V) by using glass beads or ion exchange res-
ins was developed in 2011 and 2012 so that the vancomycin crys-
tallization time could be shortened by ~12 hr [10,11]. However,
the reason why the vancomycin crystallization efficiency varied
depending on the type of surface area-increasing material (ion ex-
change resin) remained unclear. Thus, we intended to establish
ultimately an effective vancomycin crystallization strategy by inves-
tigating the cause of this difference in crystallization efficiency in
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this study.

MATERIALS AND METHODS

1. Preparation of Vancomycin Sample
Vancomycin used in this experiment was obtained through the

fermentation of the microorganism N. orientalis isolated from soil.
Bacterial cells were removed from the fermentation solution con-
taining vancomycin, which was then purified [12]. The solution
was consecutively passed through cation exchange, anion exchange
and porous cation exchange resins and eluted with ammonia to
obtain vancomycin in the form of hydrochlorate. Impurities such
as pigment and protein were removed using alumina and a weak
acidic cation exchange resin. The resulting product (vancomycin
purity: 88%) was used for the crystallization process.
2. Vancomycin Analysis

An HPLC system (SCL-10AVP, Shimadzu, Japan) and Candenza
CW-C18 column (4.6×100 mm, 3µm, Imtakt, Japan) were used
for analysis of vancomycin at 260 nm using a UV detector. Mobile
phase A was prepared by mixing 1,000 mL of distilled water and
1 mL of formic acid. Mobile phase B was prepared by mixing 1,000
mL of acetonitrile and 1 mL of formic acid. The analysis was per-
formed in a gradient and isocratic mode for 20 min. Elution was
performed in a gradient using a mixture of mobile phase A and
mobile phase B varying from 95 : 5 to 30 : 70 for the first 10 min.
After that, the mixture of mobile phase A and mobile phase B (95 :5)
was isocratic from 10 min to 20 min. The flow rate was 0.8 mL/
min and the injection volume was 20µL [11]. The concentration
was calculated using the peak area acquired with the standard mate-
rials. Each sample was analyzed in triplicate.
3. Crystallization Method

A crystal is produced and developed on several surfaces (crys-
tallizer wall, agitator surface, etc.) inside a crystallizer in the crys-

tallization process because these surfaces eventually play a role in
providing the surface area required for crystallization. A diagram
of the vancomycin crystallization process with increased surface
area per volume of reaction solution is shown in Fig. 1. First, a
sample was dissolved in distilled water of pH 2.5 (with 1 N hydro-
chloric acid) and conductivity of 20 ms/cm (with sodium chloride).
Since sodium chloride has no influence on H+, the pH was adjusted
first. Acetone (3.5 mL) was slowly added drop-wise to the vanco-
mycin solution (1.0 mL) while stirring. Ion exchange resin was then
added to increase the surface area per volume of reaction solution
(S/V), and the solution was maintained at 10 oC to induce a van-
comycin crystal. A cation exchange resin (Amberlite 200, Amber-
lite IR 120 (Na), Amberlite IR 120 (H), or Amberlite IRC 50; Rohm
and Haas, USA) or an anion exchange resin (Amberlite IRA 400
(Cl), Amberlite IRA 400 (OH), or Amberlite IRA (910); Rohm and
Haas) was used. To change the ionic form of the ion exchange resin,
an ion exchange resin whose ionic form was Na+ and OH− was stored
in 1 N HCl solution for 24 hr and an ion exchange resin whose ionic
form was H+ and Cl− was stored in 1 N NaOH for 24 hr. Then, it

Fig. 1. Schematic diagram of increased surface area crystallization
using ion exchange resin for purification of vancomycin.

Fig. 2. Schematic diagram of the ion exchange of ion exchange resin. (a) Ion exchange resin with Na+ or OH− ionic form [Amberlite IR
120 (Na), Amberlite IRA 400 (OH), Amberlite 200]; and (b) ion exchange resin with H+ or Cl− ionic form [Amberlite IR 120 (H),
Amberlite IRA 400 (Cl), Amberlite IRC 50, Amberlite IRA 910].
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was washed with distilled water and dried for 24 hr (Fig. 2). In this
process, the ionic form was changed from H+ to Na+, from Na+ to
H+, from OH− to Cl− and from Cl− to OH−. All types of ion exchange
resins used in this study were dried for 1 day at 60 oC prior to use
in experiments. Vancomycin crystallization was conducted using
ion exchange resin prepared for investigating the effect of the ionic
form. Furthermore, to investigate which aspect of vancomycin crys-
tallization depends on the pH of the crystallization solution, crys-
tallization was performed with changing pH (4.3-7.2) of a solution
to which no surface area-increasing material was added. The pH
was adjusted by adding HCl or NaOH and the solutions were stored
at 10 oC for 24, 36 and 48 hr to induce a vancomycin crystal in each
pH environment. The vancomycin crystal produced was filtered
using filter paper (150 mm, Whatman) and also washed with ace-
tone to remove impurities from the crystal surface at the same time.
In addition, HPLC and XRD analysis were conducted to determine
the purity, yield and crystallizability of vancomycin after 24 hr of
vacuum drying.
4. Analysis of Vancomycin Morphology and Size

The morphology and size of vancomycin particles formed dur-
ing crystallization were determined using a video microscope (SV-
35 Video Microscope System; Sometech, Korea) [9,10]. Precipitates
were observed under high magnification (500×). Crystal morphol-
ogy and size were determined from video images using the IT-Plus
System (Sometech).
5. XRD Analysis

The morphology of vancomycin was analyzed by means of an X-
ray diffractometer (MiniFlex 600, Rigaku) operated by the WINHRD
3000 program. XRD measurements were performed in the 5 to
25o 2θ range using CuKα radiation (40 kV, 15 mA) as the X-ray
source. The amount of each sample was about 50 mg.

RESULTS AND DISCUSSION

1. Effect of Ionic Form of the Ion Exchange Resin
In the vancomycin crystallization process with increased S/V,

the vancomycin crystallization efficiency varied depending on the
type of ion exchange resin use to increase the surface area [10,11].
In the control group, to which a surface area-increasing material
was not added, the vancomycin crystal was formed at 24hr of crys-
tallization, whereas the vancomycin crystal was formed at 12 hr of
crystallization when a cation exchange resin (Amberlite 200, Amber-
lite IR 120 (Na), Amberlite IRC 50) or anion exchange resin (Amber-

lite IRA 400 (Cl), Amberlite IRA 910) was used to increase the sur-
face area so that crystallization efficiency could be considerably
improved. However, the vancomycin crystal was not formed 24 hr
later when Amberlite IR 120 (H), a cation exchange resin, or Amber-
lite IRA 400 (OH), an anion exchange resin, was used to increase
the surface area [11]. To determine the reason why the crystalliza-
tion efficiency varied depending on the material used to increase
the surface area, we investigated the effect of the ionic form of the
ion exchange resins used to increase surface area. The ionic forms
of the cation exchange resins Amberlite 200, Amberlite IR 120 (Na),
Amberlite IRC 50, and Amberlite IR 120 (H) and the anion ex-
change resins Amberlite IRA 400 (Cl), Amberlite IRA (910), and
Amberlite IRA 400 (OH) are Na+, Na+, H+, H+, Cl−, Cl−, OH−, re-
spectively. To determine the effect of the ionic form of the ion ex-
change resin on vancomycin crystallization, the ionic form of the
ion exchange resin was changed from H+ to Na+, from Na+ to H+,
from OH− to Cl− and from Cl− to OH−, by ion exchange methods
(Fig. 2) for crystallization and they were stored for 12 hr to induce
vancomycin crystal formation. Table 1 shows whether or not the
crystal was formed before and after ion exchange of the resin used
for the crystallization process. For all types of ion exchange resin
used for crystallization, the results before and after ion exchange
were reversed; if the ionic form of the ion exchange resin was changed,
whether or not the vancomycin crystal was formed was completely
changed. Based on this result, we decided that there is a correla-
tion between the ionic form of the ion exchange resin and crystal
formation and the time required for crystallization. To confirm
these results, we studied the effect of pH on the crystallization pro-
cess. The pH has been known as a crucial process variable in the
vancomycin crystallization process [9]. In the crystallization pro-
cess (Fig. 1), the pH of a solution increased to 4.4-4.7 when the
aqueous solution containing vancomycin (pH: 2.5) was added to
acetone. When ion exchange resin was added to the crystalliza-
tion solution to increase the surface area, the pH of the solution
was changed depending on the ionic form of the ion exchange resin
because its ionic form includes ions affecting pH. The ionic forms
Na+ and Cl− do not affect pH, but H+ and OH− do. When the ionic
form was H+, the pH of the solution decreased because the H+ con-
centration increased due to the exchange of Na+ and H+ in the solu-
tion. On the other hand, when the ionic form was OH−, the pH
increased because HCl in the solution was neutralized due to an
increase in OH− concentration in the solution by the exchange of
Cl− for OH−. An ion exchange resin whose ionic form was Na+ and

Table 1. Effect of ionic form on vancomycin crystallization at 12 hr

Ion exchange resin Ionic form before
ion exchange

Vancomycin
crystallization

Ionic form 
after ion exchange

Vancomycin
crystallization

Amberlite IR 120 (Na) Na+ Yes H+ No
Amberlite IR 120 (H) H+ No Na+ Yes
Amberlite IRA 400 (OH) OH− No Cl− Yes
Amberlite IRA 400 (Cl) Cl− Yes OH− No
Amberlite IRC 50 H+ Yes Na+ No
Amberlite IRA 910 (Cl) Cl− Yes OH− No
Amberlite 200 Na+ Yes H+ No
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Cl− did not affect the pH of the solution. It may be because ion ex-
change did not occur owing to sufficient Na+ and Cl− caused by
the addition of NaCl to control the conductivity of the crystalliza-
tion solution. When an ion exchange resin whose ionic form was
Na+ and Cl− was added, the pH was changed in the solution with-
out added NaCl, but the conductivity and pH of the solution did
not change when NaCl was added. In the crystallization process
with increased surface area, the pH of the crystallization solution
and whether or not the crystal was formed were determined and
are shown in Fig. 3. Vancomycin crystal was formed when the pH
of the solution before and after ion exchange of the ion exchange
resin was 4-5 at 12 hr of crystallization (Fig. 3(a)). In the case of
crystallization after ion exchange of Amberlite IRC 50, (pH of solu-
tion: ~7.0), a crystal was not formed at 12 hr of crystallization, but
it was formed at 24 hr of crystallization (Fig. 3(b)). In other words,
the vancomycin crystal was formed in the solution at a pH of 4-7
before and after ion exchange of the ion exchange resin at 24 hr of
crystallization. Eventually, it was confirmed that changes in the pH
of the crystallization solution depending on the ionic form of the

ion exchange resin influence vancomycin crystallization. It was also
confirmed that there was a correlation between the pH of the solu-
tion and the time required for crystallization.
2. Effect of pH of the Crystallization Solution

To investigate in detail the effect of pH on the vancomycin crystal-
lization process, crystallization was conducted with changes in the
pH of the crystallization solution to 4.3-7.2 without adding ion ex-

Fig. 3. Effect of ion exchange and pH on the vancomycin crystalli-
zation at 12 hr (a) and 24 hr (b). A: Amberlite IR 120 (Na),
B: Amberlite IR 120 (H), C: Amberlite IRA 400 (OH), D:
Amberlite IRA 400 (Cl), E: Amberlite IRC 50, F: Amberlite
IRA 910, G: Amberlite 200). O: Crystallization, X: No crys-
tallization.

Fig. 4. The relationship between particle size and pH during van-
comycin crystallization.

Fig. 5. Electron micrograph of vancomycin formed by crystalliza-
tion at various pHs. Scale bar indicates 100µm.
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change resin. As shown in Figs. 4-6, the time required for crystalli-
zation increased as the pH of the solution increased. At 24 hr of
crystallization, a crystal was formed at a pH of 4.3-5.1 and up to
pH 6.0 at 38 hr and pH 6.7 at 48 hr. However, the vancomycin
crystal was not formed at a pH over 7 even as time passed. We ob-
served the vancomycin crystal via electron microscope analysis
(Fig. 5) under the condition in which the crystal was successfully
formed and also confirmed crystallization by observing significant
peaks via XRD analysis (Fig. 6). Based on the results of electron
microscopy and XRD analysis, the crystallization time corresponded
and the crystallizability of vancomycin increased as the crystalliza-
tion time passed. Thus, we could confirm that the pH range of the
solution to form vancomycin crystal is 4-7. In addition, the parti-
cle size of the vancomycin crystal tended to decrease as the pH of
the crystallization solution increased (Fig. 4). Such a phenomenon
is related to the crystallization time because the crystal growth time
increases due to rapid crystal formation at lower pH. However, in
the case of pH 4.3 and 4.5, the particle size decreased after 36 hr of
crystallization, which might have been caused by crystal breakage
due to frequent impacts of crystal particles or by secondary nucle-
ation, making crystal particles smaller. Crystal was not formed at a
pH of 4 or lower, which was caused by a difference in vancomy-
cin solubility depending on pH. Vancomycin solubility was 2.97-
17.7 mg/mL at a pH of 4-7 whereas it rapidly increased (more than
60 times) at a pH 4 or lower so that crystal formation was diffi-
cult [13]. According to the result of a previous study [14], vanco-
mycin is stable at a pH of 2-7, and in this study we also observed
that the color of vancomycin turned purple at a pH 7 or higher in
the vancomycin crystallization, indicating that vancomycin had been
denaturalized. There was no significant difference in the purity and

yield of vancomycin according to the pH of the crystallization solu-
tion and the crystallization time (data not shown). The purity of
the vancomycin sample for crystallization was 88% and it was 92-
96% after 24 hr of crystallization. In addition, the yield was 95%
and it rarely changed depending on the crystallization time.

CONCLUSIONS

We investigated the cause of the difference in the crystallization
aspect depending on the surface area-increasing material (ion ex-
change resin) used in the vancomycin crystallization process with
increased S/V. To confirm the effect of the ionic form of the ion
exchange resin on vancomycin crystallization, the ionic forms of
the cation exchange resins Amberlite 200, Amberlite IR 120 (Na),
Amberlite IRC 50 and Amberlite IR 120 (H) and the anion exchange
resins Amberlite IRA 400 (Cl), Amberlite IRA (910) and Amber-
lite IRA 400 (OH) used in the crystallization were changed from
H+ to Na+, from Na+ to H+, from OH− to Cl− and from Cl− to OH−,
respectively, using ion exchange methods. Whether or not crystal
was formed before and after ion exchange was reversed for all of
the ion exchange resins used in the study, the result completely
changed if the ionic form of the ion exchange resin was altered. It
was shown that the vancomycin crystal was formed at a pH of 4-7
before and after ion exchange of the ion exchange resin at 24 hr of
crystallization. Eventually, it was confirmed that vancomycin crys-
tallization was affected by changes in pH of the crystallization solu-
tion depending on the ionic form of the ion exchange resin. Fur-
thermore, in the absence of ion exchange resin, the time required
for crystallization increased as the pH rose from 4-7. This result was
also confirmed by electron microscopy and XRD analysis, and it

Fig. 6. XRD patterns of vancomycin formed by crystallization at various pHs.
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was confirmed that the crystallizability of vancomycin increased as
crystallization time passed. In addition, the particle size of the van-
comycin crystal tended to decrease as the pH of the crystallization
solution increased. There was no significant difference in the purity
(92-96%) and the yield (>90%) depending on the pH of the crys-
tallization solution and the crystallization time.

REFERENCES

1. H. Yan, D. Qi, X. Cheng, Z. Song, W. Li and B. He, J. Antibiot., 51,
750 (1998).

2. R. S. Griffith, J. Antimicrob. Chemother., 14, 1 (1984).
3. S. I. Kim, C. Y. Han, H. S. Jung, J. S. Lee, S. Y. Ok and S. C. Kim,

Korean J. Anesthesiol., 51, 727 (2006).
4. United States Pharmacopoeia (USP 29): Vancomycin hydrochlo-

ride, United State Pharmacopeial Convention, Inc. (2006).
5. Y. Javadzadeh, A. Mohammadi, N. Khoei and A. Nokhodchi, Acta

Pharm., 59, 187 (2009).

6. S. I. Kim, K. E. Jeong, S. Y. Jeong and C. U. Kim, J. Korean Oil Chem.
Soc., 25, 232 (2008).

7. W. S. Kim and E. K. Lee, Korean J. Biotechnol. Bioeng., 20, 164
(2005).

8. K. J. Kim, Prospect. Ind. Chem., 4, 1 (2001).
9. J. Y. Lee, K. H. Lee, H. J. Chae and J. H. Kim, Korean J. Chem. Eng.,

27, 1538 (2010).
10. Y. N. Kim, J. Y. Lee and J. H. Kim, Process Biochem., 46, 2068 (2011).
11. E. A. Kwak, S. J. Kim and J. H. Kim, Korean J. Chem. Eng., 29, 1487

(2012).
12. J. W. Lee, Y. T. Jung, J. W. Suh and K. S. Lee, US Patent, 7,018,814

(2006).
13. U. S. Food and Drug Administration: Vancomycin solubility study,

Report to office of generic drugs; http://www.fda.gov/downloads/
Drugs/GuidanceComplianceRegulatoryInformation/Guidances/
ucm082291.pdf (2008).

14. J. S. Claudius and S. H. Neau, Int. J. Pharm., 168, 41 (1998).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


