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Abstract 
 
A state-of-the-art Micro-Particle Image Velocimetry (µPIV) system was assembled at the 
Bundeswehr University Munich to evaluate the flow inside microsystems, designed and fabri-
cated by the Mikropart group, for pharmaceutical and biological applications 
(http://www.mikropart.de). An analysis of seeding-particle-size effect was performed on the 
flow inside an L-shaped micro-channel and variations of the velocity profiles were observed 
for the larger particle sizes tested. Furthermore, the flow in the microchannel was loaded with 
increasing concentrations of titanium dioxide (TiO2) to test for multiphase effects induced by 
third-party components used for future applications of the microsystems. The inspection of 
the loaded flow suggests that the concentrations of TiO2, evaluated in this study, do not have 
a strong effect of the channel flow. 
 
 
Introduction 
 
Over the last decades, the biological and pharmaceutical fields have seen substantial ad-
vances in the development of micro-electromechanical system (MEMS) technologies. Re-
search on microfluidic devices began more than 25 years ago and its applications now range 
from flow sensors used for measurement of minute liquid flows (Gravesen et al. 1993), to 
biochips capable of characterizing and quantifying biomolecules (Vo-Dihn & Cullum 2000). 
Currently, the Mikropart group is developing innovative micro-structures with several applica-
tions in the biological and pharmaceutical fields. The Mikropart group is a research collabora-
tion between several research institutes at the TU Braunschweig and the Bundeswehr Un-
iverstiy Munich including: 
 

• Institute of microtechnology 
• Institute of particle technology 
• Institute of biochemical engineering 
• Institute of surface technology 
• Institute of pharmaceutical technology 
• Institute of fluid mechanics and aerodynamics 
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Among the novel designs being developed are micro-bioreactors used as screening tools for 
microbial processes. Micro-bioreactors have demonstrated the advantages of rapid heat and 
mass transfer due to their small scale and improved surface-area-to-volume ratio (Demming 
et al. 2008). Other designs include micro-channel geometries intended to cause an effect on 
the dispersion of nano-particles. An increased interest in nano-particles across many indus-
tries has taken place due to the enhanced efficiency that micro-chips provide in the biological 
sciences. Pharmaceutical agents are dependent on dispersed nano-particles in fluids. How-
ever, it is a challenge to design structures to handle such small particles due to the strong 
inner-forces that occur when they are mixed, which promote the formation of aggregates and 
agglomerates (Lesche et al. 2008). One of the several industrial applications of dispersed 
nano-particles includes the use of modified solid lipid nanoparticles, also called nanostruc-
tured lipid carriers, as delivery systems for organic and inorganic sunscreens. Furthermore, 
they have demonstrated an improvement of the protection factor by adding TiO2 in aqueous 
media without the use of complex formulations (Villalobos & Müller 2006). Along with the 
various ideas and designs being developed by the Mikropart group, computational fluid dy-
namic simulations are being performed to enhance the performance of the micro-chips, in 
their respective applications. On the other hand, to validate the simulations and really en-
hance the micro-structures and their performance, a reliable experimental flow diagnostic 
technique is required. This technique must meet the spatial resolution necessary to resolve 
and analyze the natural phenomena that occur in the micro-flows that run through the sys-
tems. Particle Image Velocimetry (PIV) is a non-intrusive flow diagnostic technique that 
meets the high demands of this particular research. It has been used efficiently and reliably 
to evaluate macroscopic flows for several decades. Furthermore, in the last ten years, it has 
been further developed to successfully measure velocity fields in multiple micro-geometries 
with a myriad of applications in science and engineering (Santiago et al. 1998; Hsieh et al. 
2004). The primary objective of this research is to develop a top-of-the line experimental fa-
cility to perform high-quality µPIV measurements on the previously mentioned micro-
structures to validate the numerical simulations of the flow inside them. However, in order to 
achieve this task, the experimental parameters that affect the flows in question must be eva-
luated and thoroughly understood. Besides the general experimental setup and procedure, 
the data evaluation process and analysis of the flow inside an L-shaped micro-channel is 
reported. The flow in the channel was seeded with particles varying in size, to test for tracer-
particle- size effects on the flow. Furthermore, TiO2 was added to the flow in increasing con-
centrations to evaluate the effect of third-party loading on the flow behavior as well as on the 
quality of the images and results, due to the added opacity of the fluid induced by the in-
creasing concentration of TiO2 solution. 
 
 
Experimental Setup 
 
Polystyrene latex particles, fabricated by Microparticles GmbH, were used to seed and track 
the flow. All of the seeding particles used were coated with fluorescent Rhodamine B. Four 
particle sizes were used with mean diameters, dp, of 0.515 µm, 1.02 µm, 4.93 µm, and 10.17 
µm respectively. The particles originally come dissolved in water at a concentration of 
25mg/ml. All experiments were made with a concentration of 2.5% particle-solution volume, 
dissolved in isopropanol, and continuously stirred with an ultrasonic homogenizer (model 300 
by Biologics Inc.). The flow was generated by withdrawing the homogeneous seeded solution 
through the channel using a precision Nexus 3000 syringe pump, manufactured by Chemix. 
A µPIV system was used to acquire the particle images. The system consists of an Axio ob-
server Z1 inverted microscope manufactured by Carl Zeiss, a two cavity frequency-doubled 
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Figure 1. Schematic of µPIV system

Litron Nano L Nd:Yag laser system, and a 12-bit, 1280 × 1024 pixel², interline transfer CCD 
camera (PCO Sensicam). A schematic of the µPIV system is shown in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The system is installed on an optical table to damp vibrations. The laser beam is expanded 
after leaving the laser cavity and delivered to the back aperture of the microscope via fiber 
optics. The microscope is equipped with an epi-fluorescent filter cube and an objective lens 
which relays the laser light on to the sample. The filter cube consists of an exciter (green 
filter), an emitter (red filter), and a dichroic mirror. The light entering the back aperture of the 
microscope passes through the exciter and is reflected because the dichroic mirror only 
transmits wavelengths longer than 585 nm. The filter cube conducts the light beam into the 
objective lens which focuses it on the sample, illuminating the seeded flow volume. The trac-
er particles’ fluorescent coating absorbs the green laser light (532 nm), and emit a distribu-
tion of longer wavelength, red light (610 nm). The light scattered by the tracer particles is 
imaged and passes through the emitter in the filter cube, where green light, scattered from 
artifacts other than the seeded particles (backreflections), is blocked leaving only the fluores-
cent light recorded on the CCD sensor of the camera. Recordings were made using the Da-
Vis 7.2 software package from LaVision. Images were acquired in double exposure mode, 
where the camera shutter is activated two times, separated by a predetermined time delay 
∆t. 
The TiO2 suspensions were fabricated at the Institute of Pharmaceutical Technology at TU 
Braunschweig. They originally come dissolved in double-distilled filtered water, mixed with 
polysorbate 80 and simethicone antifoamer, with a concentration of 2% alumina-stearic acid 
coated titanium dioxide, which is 100% rutile crystal structure and has a particle size of ap-
proximately 17 nm. For further details on the fabrication and components, the reader can 
refer to Villalobos & Müller 2006. 
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Figure 2. Schematic of L-shaped micro-channel

Figure 3. Isopropanol flow seeded with dp = 0.515 µm, 1.02 µm, 4.93 µm, 10.17 µm (left to right)

The micro-channels are fabricated out of elastomeric polydimethylsiloxane (PDMS) on a 1 
mm thick glass plate. For details on the procedure and fabrication, the reader can refer to 
Lesche et al. 2008.  
 
 
Results 
 
Particle size study 
Measurements at six sections of a rectangular 960 × 140 µm² L-shaped micro-channel were 
performed and results will refer to them by their respective location number according to Fig-
ure 2.  
 

 
 
 
All recordings were made with a Zeiss EC-Neofluar objective lens with a magnification of 
10×. The numerical aperture of the lens was 0.3, thus yielding a depth of focus of approx-
imately 7 µm. Isopropanol flow, seeded with tracer particles of mean diameters, dp, of 0.515 
µm, 1.02 µm, 4.93 µm, and 10.17 µm was analyzed. Raw images of flows seeded with differ-
ent particle sizes are displayed in Figure 3. The flow was withdrawn from the continuously 
stirred reservoir at 100 ml/hr. Isopropanol was used to avoid the regular occurrence of air 
bubbles present in water; bubbles stick to corners, alter the flow, and modify or disguise the 
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Figure 4. Velocity profiles for increasing tracer 
particle sizes at different straight locations in 
the L-shaped micro-channel. 

very effects that the experiment is de-
signed to detect. The focal plane of the 
optical system was located at the center of 
the channel. This location was determined 
by focusing the system on the top and bot-
tom walls, recording their locations, and 
moving the focused image to the mid-point 
between the walls. All recordings consisted 
of 200 double exposures. Basic image 
processing was performed on the record-
ings by taking the average light intensity 
recorded by each pixel throughout the se-
ries, and subtracting it from the value rec-
orded by the same pixel in each recording. 
This procedure eliminates the bright spots 
generated by particle clusters stuck to 
walls and other back-reflections that do not 
move with the flow. Velocity vectors are 
then calculated using the cross correlation 
methods of conventional PIV. PIV analysis 
was carried out with the DaVis 7.2 software 
package from LaVision. As opposed to 
conventional PIV, considering the small 
tracer particle sizes and slow flow veloci-
ties, Brownian motion can become a sub-
stantial source of error in µPIV measure-
ments. However, due to the fact that Brow-
nian motion is a zero mean random 
process, its influence can be considerably 
reduced by adding the correlation planes to 
obtain mean velocity vectors.    
For the purposes of this analysis, all re-
cordings consisted of 200 double expo-
sures. Furthermore, since the flow was 
laminar and stationary, an ensemble cross-
correlation approach was used to calculate 
the mean velocity vector fields. A norma-
lized multi-pass algorithm with decreasing 
interrogation window sizes of 64 × 64 pixel² 
and 32 × 32 pixel² was used with 50% 
overlapping of the interrogation windows. 
Flow seeded with increasing particle sizes 
was evaluated in the L-shaped micro-
channel. Figure 4 shows the velocity pro-
files in the straight sections of the channel: 
1, 2, 4, 5 and 6. Each plot displays four 
velocity profiles, corresponding to different 
tracer particle sizes. Tracer particles with 
mean diameters, dp, of 0.515 µm, 1.02 µm, 
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Figure 5. Velocity fields at location 3 for different tracer particle sizes: a) dp=0.515 µm, b) 
dp=1.02 µm, c) dp=4.93 µm, d) dp=10.17 µm. 
 

4.93 µm, and 10.17 µm were tested to evaluate the effect of particle size on the flow. Note 
that the flow in the channel does not develop into a parabolic profile. However, the flow 
seeded with smaller particles, dp=0.515 µm and dp=1.02 µm, displays a consistent pattern 
throughout the channel of higher flow velocity away from the walls. On the other hand, the 
flow seeded with 4.93 µm particles, shows a slight decrease in velocity towards the center of 
the channel. It is possible that due to the increased size of the particles, the flow becomes 
inhomogeneous enough that multi-phase effects are introduced. Moreover, the flow seeded 
with 10.17 µm particles, displays a non-uniform velocity profile throughout the channel. It is 
likely that the interaction between large particles moving in a small fluid volume is strong 
enough to make the solution heterogeneous where agglomerates occur slowing down the 
flow in certain areas. It seems clear that at this particle diameter, the flow is strongly affected 
and a multiphase flow is introduced. To make sure that the lack of uniformity present in these 
velocity profiles was not a product of the data processing applied, another processing ap-
proach was used to confirm the physicality of the results. The 200 image pairs were cross-
correlated individually with larger interrogation windows. The mean velocity vectors where 
then averaged and a velocity profile was obtained. Although the resolution of these profiles 
was lower than the ones presented in Figure 4, both approaches resulted in similar non-
uniform velocity profiles. Additionally, the velocity vector fields in location 3 of the L-shaped 
micro-channel, for the four particle sizes tested, are shown in Figure 5. The non-uniform na-
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Figure 6. Velocity profiles for different concentrations of TiO2 
suspension solution at location 2 in the L-shaped channel.

ture of the flow seeded with 
10.17 µm particles is also evi-
dent in Figure 5d. It is clear 
from this plot that the flow is 
disturbed by the large particle 
size and symptoms of multi-
phase flow become evident.  
 
TiO2 concentration study  
Next, isopropanol flow seeded 
with 2.5% particle solution of 
mean diameter dp=4.93 µm, 
was loaded with increasing 
concentrations of TiO2 suspen-
sion solution and evaluated 
inside the micro-channel. All 
measurements of flow loaded 
with TiO2 were performed in 
location 2 of the channel (see 
Figure 2). First, seeded isopro-
panol without TiO2 was eva-
luated. Then, TiO2 suspension 
solution was gradually added 
and tested. Note that although 
the seeded flow became consi-
derably more opaque with in-
creasing concentrations of the 

milky TiO2 suspension, the light scattered by TiO2 particles was efficiently blocked by the epi-
fluorescent filter cube. There was no substantial difference in the particle images with low 
and high TiO2 concentration. Figure 6a shows velocity profiles for increasing amounts of TiO2 

suspension solution added to the flow. This figure suggests that the increasing concentration 
of TiO2 causes the flow to slow down but the velocity difference between concentrations does 
not follow a sensible pattern. For this reason, the experiment was performed a second time 
and the channel was thoroughly cleaned after each concentration was evaluated. Figure 6b 
also shows velocity profiles for increasing concentrations of TiO2. As can be seen in this plot, 
the profile for the lowest concentration is very similar to the profile with the highest concen-
tration. This suggests that there is no clear effect introduced by the loading of the flow with 
TiO2 suspension solution. More highly concentrated suspensions will be tested in the future. 
As for the velocity variation present in the profiles in Figure 6, it may be caused by accumula-
tion of agglomerates of TiO2 in the inlet of the micro-channel as loaded flow runs continuously 
through it. This would explain the orderly decrease in velocity that can be seen in Figure 6a. 
 
 
Conclusions and Outlook 
 
A state-of-the-art µPIV system was successfully assembled and tested at the Bundeswehr 
University Munich to make high-resolution velocity measurements inside microstructures, 
designed and fabricated by the Mikropart group in TU Braunschweig. A study of basic expe-
rimental parameters was performed on the flow inside a rectangular L-shaped micro-channel. 
Isopropanol flow seeded with tracer particles of mean diameters, dp,= 0.515 µm, 1.02 µm, 
4.93 µm, and 10.17 µm was evaluated in several sections of the channel. The seeding of 
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4.93 µm tracer particles displays slight differences in the velocity profiles of the flow at all 
sections of the channel, showing a slight decrease in the flow velocity towards the center. 
Moreover, a confirmation that particle size does have an effect was obtained by seeding the 
flow with 10.17 µm particles. The velocity profiles for the flow seeded with these particles 
were not uniform in any of the sections evaluated, and displayed clear differences from the 
flows seeded with smaller particles. It is likely that the interaction between large particles 
moving in a small fluid volume is so strong that the solution becomes heterogeneous and 
multi-phase effects are introduced. An improvement of the measurement technique, which 
would contribute to the characterizing and understanding of this effect, would be the use of 
time resolved µPIV on the flow in the channel. 
Lastly, isopropanol flow, seeded with 4.93 µm particles was loaded with increasing concen-
trations of TiO2 .The presence of this third party component did not seem to have an effect 
either on the image quality or in the flow characteristics at the tested concentration levels. On 
the other hand, a blockage on the inlet of the channel was detected after circulating loaded 
flow for some time. Agglomerations of particles and the suspension solution seem to accu-
mulate at the inlet and decrease the flow rate in the channel. Therefore, careful consideration 
of differences in the mean velocities should be taken, as debris accumulation at the ends of 
the channel could be playing a significant role. Higher concentrations of TiO2 and other or-
ganic nano-particles will be tested in the future for a more thorough analysis of loaded flows 
inside micro-channels. 
 
 
Acknowledgements 
 
Financial support from the Deutsche Forschungsgemeinschaft (DFG) is acknowledged and 
appreciated. This research was performed within the Mikropart research group in the micro-
systems for particulate life-science-products unit (http://www.mikropart.de).  
 
 
References 
 
Demming, S, Wilke, R, Jansen, A, Precht F & Büttgenbach S, 2008: "Ensyme based microsensor for 
simultaneous detection of glucose and ethanol applied in a microbioreactor system", Proc. 1st Euro-
pean Conference on Microfluidics, Bologna, December 10-12 
Gravesen, P, Branebjerg, J & Jensen, O S, 1993: "Microfluidics: A review", Journal of Micromechanics 
and Microengineering, 3, pp. 168-182 
Hsieh, S S, Lin, C Y & Huang, C F, 2004: "Liquid flow in a micro-channel", Journal of Micromechanics 
and Microengineering, 14, pp. 436-445 
Lesche, C, Demming, S, Kampen, I, Kwade, A & Büttgenbach, S, 2008: " Dispersion of nanoparticles 
in micro-channel geometries for pharmaceutical screening applications", Proc. 1st European Confe-
rence on Microfluidics, Bologna, December 10-12 
Santiago, J G, Wereley, S T, Meinhart, C D, Beebe, D J & Adrian, R J, 1998: "A particle image veloci-
metry system for microfluidics", Experiments in Fluids, 25, pp. 316-319 
Villalobos-Hernández, J R & Müller-Goymann, C C, 2006: "Sun protection enhancement of titanium 
dioxide crystals by the use of carnauba wax nanoparticles: The synergistic interaction between organ-
ic and inorganic sunscreens at nanoscale", International Journal of Pharmaceutics, 322, pp. 161-170 
Vo-Dinh, T & Cullum, B, 2000: "Biosensors and biochips: Advances in biological and medical diagnos-
tics", Journal of Analytical Chemistry, 366, pp. 540-551 

34-8



<<
  /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
  /CreateJDFFile false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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.)
  >>
  /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


