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Abstract Diatom valves and girdle bands are useful

micro–nano materials in nanotechnology and micro man-

ufacturing. A settling method is used to extract high-purity

diatom valves and girdle bands from Coscinodiscus diat-

omite. The average models of diatom valves and girdle

bands are established. Stokes Law and hydrokinetic theo-

ries are used to analyze the settling velocity of valves and

girdle bands. Based on the calculation results, settling

experiments are carried out, by which clean diatom valves

with purity of 80% and girdle bands with purity of 90% are

obtained. This method can be applied to other particles

separation problem to separate micro-particles with similar

radius but different sectional area.

List of symbols

Fg Equivalent gravity

Fd Fluid drag force

l Fluid viscosity

g Acceleration of gravity

Sc Particle section area perpendicular to settling

orientation

qs Density of particle

q0 Density of liquid medium

k Drag coefficient

v Settling velocity

d Valve diameter

d0 Micropore diameter

h Valve thickness

D Girdle band diameter

R Inradius of girdle band

H Height of girdle band

n Average number of micropores

r Radius of girdle band bore

V Particle volume

Introduction

Diatoms provide abundant delicate structures for nano-

technology and micro manufacturing. Its frustules consist

of silica valves and girdle bands and have a complex

symmetry structure with an inerratic arrangement of mul-

tilevel pores in its surface [1]. Transparent and adsorptive

are also excellent features of this micro glass material. In

recent years, more and more research group took part in

diatom study for its interesting structures and potential

applications especially in nanotechnology [2, 3], such as

the structural rigidity tests of diatom shells and girdle

bands [4], formation investigation of diatom frustules [5],

replication of porous diatom structure [6], oil-extraction

from diatom [7], drug delivery with diatom frustules [8],

photonic application of diatom valves [9], using diatom for

solar energy [10], and so on.

Diatomite is a kind of low cost mineral which contains

mass of frustules. Most of frustules in diatomite have sep-

arated into valves and girdle bands. The diatom valves,

possessing bigger specific surface area than girdle bands,

are the contributing parts in diatomite absorbent and filter

[11] and are broadly investigated for nanotechnology
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application, such as mask-pattern in lithographic application

[12], micro-optic device, structure replication [6], adsorp-

tion of gold particles [13], and self-assembly connection to

glass slide [14]. The girdle bands, transparent circular

material with good elastic deformation property [4], possess

photonic crystal properties [15–17] and also have great

potential applications in micro manufacturing, such as micro

seal ring fabrication. Supposing the valves and girdle bands

could be extracted from diatomite separately, two kinds of

useful micro parts will be obtained.

Stokes law is usually used to analyze the separating

process of micro spherical particles with different radius.

Although both valves and girdle bands are not spherical

particles and they have similar outer diameter, yet in this

article it was proved that stokes settling method could be

used to separate these two kinds of particles, with some

hydrokinetic theories’ help.

Methods

Derivation of settling velocity of non-spherical particles

Stokes law is preferable for analyzing the settling charac-

teristics of spherical particles, yet it could not be directly

applied to separate valves from girdle bands, which exhibit

different three-dimensional structures and both are not

spherical. Some investigation indicated that objects with

same volume but different shapes have different surface

contact stress in water, such as ellipsoidal shell and

spherical shell [18], so we turned to hydrokinetic theories

and derivate settling velocity of non-spherical particles.

The equivalent gravity of particle immerged in liquid

medium is written as

Fg ¼ ðqs � q0Þg � V : ð1Þ

Here, Fg is the equivalent gravity, qs the density of

particles, q0 the density of liquid medium, g the

acceleration of gravity, and V the volume of particle.

According to the flow resistance formula, the fluid

resistance of particles in micron scale is proportional to

fluid viscosity, square root of the particle sectional area

perpendicular to settling orientation, and particle settling

velocity. Therefore, the fluid drag force on the particles can

be expressed as:

Fd ¼ kl
ffiffiffiffiffi

Sc

p

� v; ð2Þ

where k is the drag coefficient. The equivalent gravity and

fluid drag force reach balance when a particle reaches its

maximum falling velocity, that is

Fg ¼ Fd: ð3Þ

Combining Eqs. 1–3, we obtain the settling velocity

v ¼ ðqs � q0Þg � V
kl

ffiffiffiffiffi

Sc

p : ð4Þ

If valves and girdle bands settle with different velocity,

then settling method could be applied to separate these two

kinds of particles.

Modeling and calculation of diatom valves and girdle

bands

The structure of the Coscinodiscus Ehrenberg diatom valve

is shown in Fig. 1a; it looks like a semi-culture dish with

micropores in its surface. In order to simplify the calcu-

lation, we presented a valve model as a wafer with uniform

micropores (Fig. 1b). The water viscosity at room tem-

perature is l = 0.8937 9 10-3 Pa s and the diatom true

density is qs = 2.1 9103 kg m3. The parameters of the

valves take the following values: the valve diameter

d = 40 lm, the valve thickness h = 3 lm, the micropore

diameter d0 = 0.4 lm, the micropores number n = 640,

the fluid drag coefficient k = 10.63 (calculated with Stokes

settlement law in situation of 10–100 lm spherical

particles).

The volume of valve is

V ¼ p
d2

4
� n � pd2

0

4

� �

� h ¼ 3:528 � 103 lm3

The area of the largest cross sections is

Smax ¼ p
d2

4
� n � pd2

0

4
¼ 1:176 � 103 lm2

The area of the smallest cross sections is

Smin ¼ d � h ¼ 120 lm2

Then the settling velocity of valves is calculated by Eq. 4:

vmin ¼
ðqs � q0Þg � V

kl
ffiffiffiffiffiffiffiffiffi

Smax

p ¼ 1:18 � 10�4 m/s;

vmax ¼
ðqs � q0Þg � V

kl
ffiffiffiffiffiffiffiffi

Smin

p ¼ 3:34 � 10�4 m=s;

d0

h
d

aa

b

Fig. 1 Diatom valves SEM photographs (a) and its approximate

model (b). The scale bar in a is 20 lm
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That is, the settling velocity of valves is variable in range

(1.18, 3.34) 9 10-4 m/s.

Figure 2a displays the girdle bands of diatom Coscino-

discus, which was simplified to a ring model shown in

Fig. 2b. The size parameters of an average girdle band take

the following values: D = 44 lm, R = 21 lm, r = 18 lm,

H = 4 lm, h = 3 lm, other parameters are as above.

Then the settling velocity of girdle bands is calculated

with the same method:

vh 2 ð4:22; 5:04Þ � 10�5 m=s:

From the calculation, we can see that the difference

between the settling velocity of valves and that of girdle

bands. In static water, diatom valves will take 4.8–

13.8 min falling 10 cm depth, and girdle bands need

36 min in contrast, which means settling method may be

effective to separate girdle bands from valves.

Materials and experimental

Materials and purification

The diatomite is from Linjiang Sailite Diatomite Co.

Ltd. The frustules in diatomite are mostly belong to

Coscinodiscus Ehrenberg. Compared with frustules derived

from living diatom cells by chemical treatment or baking,

the proportion of undivided frustules (Fig. 3a) in diatomite

is \30%, and the majority particles are separate valves

(Fig. 3b) and girdle bands (Fig. 3c). One reason may be the

frustules has been buried too long that the linkage systems

between valves and girdle bands were damaged [19].

Diatomite contains not only complete diatom particles

but also a large number of micro-organism debris and

impurities stained in frustules surface, so purification

should be the first step to get rid of debris to obtain clean

diatom valves and girdle bands. The methods are as fol-

lows: the diatomite is mixed with anhydrous ethanol at a

mass ratio of 1:10 in beaker. After ultrasonic cleaning for

30 min at room temperature, the mixture is filtrated with

filter cloth with 20 lm pores (rinse the mixture on filter

cloth with deionized water simultaneity). The residue on

filter cloth is placed in a clean beaker filled with deionized

water.

The residue is mostly clean diatom valves and girdle

bands (Fig. 4), which will be used for settling experiment

later. The proportion of undivided frustules reduces from

nearly 30% to\10%, one possible reason is some frustules

were separated during the ultrasonic cleaning process.

Settling velocity observation

In order to verify the calculation results in ‘‘Methods’’

section and determine the optimal suspension duration, we

designed a settling experiment to observe the settling

characteristic of diatom valves and girdle bands. The

concrete process is as follows.

Fifty milliliter cleaned mixture is poured into 50-mL

graduated cylinder. The cylinder is fully stirred and then

put still for 5 min. Five milliliter pipettes are used to divide

the mixture in the cylinder into 10 small beakers sequen-

tially from top to bottom. A sample of 10-lL mixture is

taken from each small beaker, and the particles such as

valves and girdle bands in the samples are counted sepa-

rately via a microscope (Fig. 5a is a scheme of the

h H
D

r R

a

b

Fig. 2 Girdle bands SEM photographs (a) and its approximate

model (b). The scale bar in a is 20 lm

Fig. 3 Main particles in diatomite: undivided frustules (a), diatom valves (b), and girdle bands (c). The scale bars in a, b, and c are 10, 10,

and 20 lm, respectively
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operations above). The process was carried out for three

times, and the average was taken to reduce error. After the

sample data processed in Matlab, the particles distribution

curve for 5 min is drawn. The particles distribution curves

for 10, 15, and 20 min are also achieved in same method

with the duration of settling changed to 10, 15, or 20 min.

Settling separation of diatom valves and girdle bands

Based on the results of optimal settling duration in

‘‘Results of settling velocity observation and discussion’’

section, the experimental method of separating diatom

valves and girdle bands from mixture are designed as fol-

lows. Figure 5b is a flow chart of the experiment.

Step 1: Fifty milliliter cleaned mixture is taken and filled

into a 50-mL graduated cylinder. The cylinder with

mixture is fully stirred and then put still for 20 min. The

mixture above 15-mL scale is transferred into a clean

beaker A by pipette.

Step 2: The cylinder is filled to 50-mL scale with

deionized water again and then put still for 20 min. After

that, the mixture above 15-mL scale is transferred into

the same beaker A again.

Step 3: After repeating step 2 two times, the mixture in

graduated cylinder and beaker A is filtrated with filter

cloth with 20 lm pores, the residue on each filter cloth is

rinsed to clean beakers B and C with deionized water

separately.

Results and discussion

Results of settling velocity observation and discussion

As the results of experiment in ‘‘Materials and purifica-

tion’’ section, The particle distribution curves for different

settling time are shown in Fig. 6. According to the statis-

tical results, particles in the cleaned mixture consist of

28.6% diatom valves, 41.2% girdle bands, 3.5% incom-

plete valves, and 26.7% incomplete girdle bands. Figure 6

shows how the four kinds of particles settle in 20 min in

still water. Ninety percent diatom valves fell below 15-mL

scale after 20 min, when only 41% girdle bands and 38%

incomplete girdle bands settled below this scale. The

subsequent observation shows that 20% girdle bands and

28% incomplete girdle bands still suspend above 15-mL

scale 1 h later.

Comparing the experimental results with the calculated

values in ‘‘Methods’’ section, we find that the calculated

settling velocity of diatom valves is in accordance with the

actual movements, but the girdle bands settle with a speed

slower than calculated value. One possible reason is the

girdle bands are so small in volume that they are more

Fig. 4 Diatom frustules after purification. The scale bars is 50 lm.

The arrows in figure indicate four different particles, arrows a and b
are girdle band and incomplete girdle, arrows c and d are valve and

incomplete valve

count the particles 

microscope

beakercylinder

}

50mL
   1

   2

  10

}

}

pipette

valves girdle bands

and settling 

STEP 3

1

after stirred 

STEP 2

after stirred 
and settling 

STEP 1

15ml

   A

50ml

fill with 35ml 
deionized water

15ml

50ml

1

   B    C

a bFig. 5 Schematic illustration

of particles sampling of each

liquid layer (a), flow chart of

settling separation of diatom

valves and girdle bands (b)
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affected by Brownian motion than bigger particles, which

slows down the settling movement.

The tests above verified the difference of settling

velocity of valves and girdle bands; also implied 20 min is

the suitable suspension duration for settling separation.

We also tried other settling methods, such as pouring the

particles mixture from top of the water and then putting the

graduated cylinder still. However, the results indicated that

the method is not convenient for separating valves and

girdle bands. Even with a 5-L beaker and low concentra-

tion of frustule mixture, more than 30% girdle bands set-

tled to 20 cm deep bottom of beaker at the beginning

(Fig. 7), the valves and girdle bands could not distribute in

different fluid layers as they did in ‘‘Settling velocity

observation’’ section. Therefore, stirring and putting still

are more effective methods.

Results of separation experiment and discussion

Figure 8 shows the results of experiment in ‘‘Settling

velocity observation’’ section. Figure 8a and b shows the

particles in beakers B and C separately. The most particles

in beaker B are diatom valves, with a proportion of nearly

80% (Fig. 8a), the other particles are girdle bands and

fragments. Other experiments illustrate that repetition of

step 2 in ‘‘Settling velocity observation’’ section could

reduce the proportion of girdle bands in beaker B. The

particles in beaker C are 90% girdle bands and a few

fragments (Fig. 8b). Figure 8c and d shows some details of

separated valves and girdle bands. From Fig. 8c, we can

see that the micropores and brims of the valves are

scatheless after settlement, and from Fig. 8d we can notice

that each complete girdle bands possess a joint.

Conclusions

In this article, a settling method is applied to separate

valves and girdle bands, respectively, from Coscinodiscus

diatomite. The modeling of the valves and girdle bands

were built and the theoretical analysis was done, and series

of experiments was carried out which successfully verified

the feasibility of the method. Finally, the high-purity valves

and girdle bands were achieved separately. This study is

valuable and can be applied in many fields. First, this

settling method offers two kinds of high-purity frustule

components for the study of diatom nanotechnology. Sec-

ond, this method could be regarded as a processing tech-

nique of diatomite material, for elimination of girdle bands

may improve the efficiency of diatomite product. Third,

this method will offer the researchers a new way to process

diatom and do the structural observation [20]. Finally, it

proved that particles with similar size but different shapes

could be separated by settling method, and the settling

method may be applied to other similar particles separation

problem, such as other frustule parts, silica bodies (phy-

toliths) [21], or other micro-particles.

 

 
girdle band incomplete girdle bands valve incomplete valve

0 50 100
0

5

10

15

20

25

30

35

40

45
20 min

0 20 40 60
0

5

10

15

20

25

30

35

40

45
15 min

0 20 40 60
0

5

10

15

20

25

30

35

40

45
10 min

0 20 40
0

5

10

15

20

25

30

35

40

45
5 min

quantity of particle in each liquid layer

liq
ui

d 
la

ye
r 

sc
al

e 
/ m

L

Fig. 6 Particles distribution curves for 5/10/15/20 min. The dots in curves denote the quantity of the particle in each liquid layer

0 10 20 30 40

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5
beginning

 girdle bands

incomplete girdle

diatom valves

incomplete valves

liq
ui

d 
la

ye
r 

sc
al

e 
/ L

quantity of particle in each liquid layer

5L

frustule

Fig. 7 Particles distribution curves in the beginning. The dots in

curves denote the quantity of this particle in each liquid layer

5740 J Mater Sci (2010) 45:5736–5741

123



Acknowledgements This work was supported by the National

Science Foundation of China (No. 50805005), the 863 Project of

China (No. 2007AA04Z353, No. 2009AA043804), and the Innova-

tion Fund Project for Graduate Student of Beihang University.

References

1. Hildebrand M, Holton G, Joy DC, Doktycz MJ, Allison DP

(2009) J Microsc-Oxf 235:172

2. Gordon R, Losic D, Tiffany MA, Nagy SS, Sterrenburg FAS

(2009) Trends Biotechnol 27:116

3. Allison DP, Dufrene YF, Doktycz MJ, Hildebrand M (2008)

In: Methods in nano cell biology. Elsevier Academic Press Inc,

San Diego, pp 61–86

4. Hamm CE, Merkel R, Springer O, Jurkojc P, Maier C, Prechtel K,

Smetacek V (2003) Nature 421:841

5. Crawford SA, Chiovitti A, Pickett-Heaps J, Wetherbee R (2009)

J Phycol 45:1353

6. Losic D, Mitchell JG, Lal R, Voelcker NH (2007) Adv Funct

Mater 17:2439

7. Ramachandra TV, Mahapatra DM, Karthick B, Gordon R (2009)

Ind Eng Chem Res 48:8769

8. Poulsen N, Berne C, Spain J, Kroger N (2007) Angew Chem-Int

Ed 46:1843

9. De Stefano L, Maddalena P, Moretti L, Rea I, Rendina I,

De Tommasi E, Mocella V, De Stefano M (2009) Superlattices

Microstruct 46:84

10. Jeffryes C, Gutu T, Jiao J, Rorrer GL (2008) ACS Nano 2:2103

11. Schuler PF, Ghosh MM, Gopalan P (1991) Water Res 25:995

12. Parkinson J, Gordon R (1999) Trends Biotechnol 17:190

13. Toster J, Iyer KS, Burtovyy R, Burgess SSO, Luzinov IA, Raston

CL (2009) J Am Chem Soc 131:8356

14. Wang W, Gutu T, Gale DK, Jiao J, Rorrer GL, Chang CH (2009)

J Am Chem Soc 131:4178

15. Townley HE, Woon KL, Payne FP, White-Cooper H, Parker AR

(2007) Nanotechnology 18:5

16. Parker AR, Townley HE (2007) Nat Nanotechnol 2:347

17. Fuhrmann T, Landwehr S, El Rharbi-Kucki M, Sumper M (2004)

Appl Phys B 78:257

18. Carlisle KB, Brito V, Gladysz GM, Ricci W, Koopman M (2009)

J Mater Sci 44:1449. doi:10.1007/s10853-008-3169-xs

19. De Stefano M, De Stefano L, Congestri R (2009) Superlattices

Microstruct 46:64

20. Blanco S, Alvarez I, Cejudo C (2008) J Appl Phycol 20:445

21. Neethirajan S, Gordon R, Wang LJ (2009) Trends Biotechnol

27:461

Fig. 8 Microscopic images of diatom valves (a, c) and girdle bands (b, d) extracted from diatomite. The scale bars in a, b, and c/d are 50, 100,

and 20 lm, respectively

J Mater Sci (2010) 45:5736–5741 5741

123

http://dx.doi.org/10.1007/s10853-008-3169-xs

	Separation of diatom valves and girdle bands from Coscinodiscus diatomite by settling method
	Abstract
	Introduction
	Methods
	Derivation of settling velocity of non-spherical particles
	Modeling and calculation of diatom valves and girdle bands

	Materials and experimental
	Materials and purification
	Settling velocity observation
	Settling separation of diatom valves and girdle bands

	Results and discussion
	Results of settling velocity observation and discussion
	Results of separation experiment and discussion

	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


