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Abstract

Polydimethylsiloxane composite membrane was employed for the separation of phenol and sodium chloride in
synthetic wastewater. The major operational parameters affecting phenol transfer through this composite membrane
were screened by the orthogonal array and range analysis. The results showed that the significance of parameters on
the permeate flux followed the order of phenol concentration, membrane skin layer thickness, recirculation rate,
and sodium chloride concentration after 6 and 48 h operations. Optimal operation range was determined by the
response surface methodology coupled with central composite design. The higher was the phenol concentration in
the influent or the thicker was the membrane skin layer thickness, the higher was the permeate flux through membrane.
Also, the higher was the recirculation rate, the higher was the permeate flux through membrane.
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1. Introduction

Industrial wastewaters frequently contain high

concentration of acids, bases or salts. Biological

treatment is generally a top priority for the

removal of organic pollutant from wastewaters

because of its low operation cost. However, the

presence of high concentration of inorganic ions

often suppresses the microbial activities and
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inhibits the degradation of organic pollutants in

biological treatment. Industries such as pharma-

ceutical, chemical and biotechnology usually

face with these problems. Extractive membrane

bioreactor (EMB) is an effective way to biodegrade

organic pollutants with the separation of high-

strength inorganic ions beforehand [1]. The mem-

brane used in the EMB is similar to that used in

pervaporation process except that the vacuum phase

is replaced by a biological medium [2]. The con-

centration gradient across membrane allowing

the transfer of phenol from the wastewater side

to the biological phase is maintained by the degra-

dation of phenol [3]. Excessive biofilm growth

on membrane also played a role to hinder the mass

and oxygen transfer through the membrane [4].

Previous studies with the EMB [5] showed

that addition with the biocarrier could retain the

suspended solids and prevent biofilm growth

from membrane and transfer of phenol was the

rate determining step in the process of degrada-

tion of phenol.

An innovative approach by using a wet phase

inversion process was improved polydimethyl-

siloxane (PDMS) composite membrane was

employed to enhance the transfer of phenol

through membrane. The skin layer thickness

of the asymmetric membrane was controlled

by changing the membrane formation condition.

The sorption and desorption potentials for these

membranes were examined. The reproducibility

of the permeation tests were also carried out.

Major parameters screened by the orthogonal

array and range analysis, were used to determine

the optimal operation range by Response Surface

Methodology (RSM) [6] coupled with Central

Composite Design (CCD). Biological tests were

also conducted to verify the effectiveness of

membrane permeation.

2. Material and methods

Polysulfone and nonwoven were used as the

support material for the asymmetric membrane.

The polydimethylsiloxane (PDMS) thickness on

the support material was controlled by changing

the membrane formation condition to form

PDMS/polysulfone composite membranes. Before

the experiment, membranes of different skin layers

thicknesses were prepared in the laboratory. The

thickness of the composite membranes is listed

in Table 1. The SEM micrograph for the cross-

section is displayed in Fig. 1. The layer of this

hydrophobic composite membrane is one of

the important factors to influence the transfer

of pollutants through the membrane. To measure

the extent of phenol sorbed on membrane, the

PDMS membranes were immersed in 1 wt.%

aqueous phenol solution for 24 h at room tem-

perature. They were subsequently blotted between

tissue paper to remove excess solvent and placed

in the left tube of a twin tube set-up. The system

was evacuated while the left tube was heated with

hot water and the right tube was cooled in liquid

nitrogen. The composition of the condensed

liquid in the right tube was determined by G.C.

This study has selected phenol as a model

organic pollutant because of its general applica-

tion in the process of chemical industry. Three

test conditions were listed as following: (1) per-

meation test: 400 mg/L of phenol and 20 g/L of

sodium chloride [7]; (2) determining the major

parameters: 100–1000 mg/L of phenol concen-

tration, 30–150 mL/min of recirculation rate,

Table 1

Skin layer thickness of PDMS membranes

Membranea Skin layer

thickness (mm)

PH-22100 26.2

PH-2275 14.4

PH-2250 9.6

PH-0350 1.0

PH-0320 0.4

aThickness of PSf/nonwoven supporting layer is 130 +
5 mm.
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9.6–26.2 mm of membrane skin layer thickness

and 10–50 g/L of sodium chloride; (3) RSM

analysis: 9.6–26.2 mm of membrane skin layer

thickness and 35–205 mL/min of recirculation

rate. The Reynolds number for flow past the

membranes were within 7–43.

Operational parameters including phenol

concentration, sodium chloride concentration,

recirculation rate and membrane thickness were

evaluated by the methods of orthogonal array

and range analysis. And then the optimal opera-

tion range were determined by RSM according

to the major parameters with the permeate flux

as an index.

Biological experiments were conducted to show

the effect of salt concentration on the rate of bio-

degradation. The acclimated sludge was seeded

to wastewater with different salt concentrations.

Sufficient nutrients were also supplied in each

experiment. At the same time, the air was supplied

to each beaker by pump. Six one-liter samples

were prepared with equal initial phenol concen-

tration. Four of these samples were added with

different concentration of sodium chloride (1%,

3%, 5% and 10%). All samples were seeded with

acclimated sludge except the one without sodium

chloride (blank test). The initial condition was

VSS of 2500 mg/L, SS of 3300 mg/L, phenol of

373 mg/L, COD of 889 mg/L, and F/M of 0.36.

Membrane extraction incorporated with

biodegradation was conducted to evaluate the

feasibility for the biodegradation of organic

wastewater with high intensity of salt in EMB.

The rectangle reactor was made of acrylic mate-

rial with equivalent volume (400 mL) of two

chambers divided by the membrane. Feed cham-

ber was for influent input and permeate chamber

for permeate liquid deposition. The phenol solu-

tion was circulated in the feed chamber and

permeate was also circulated in permeate chamber

by pump. Before biological testing, acclimated

sludge was seeded directly to shorten the startup

time and the MLSS concentration were controlled

around 200–600 mg/L. The seeding sludge was

also supplied with nutrients regularly. At the

same time, the air was transferred to the permeate

chamber by the compressor. The mixing inten-

sity of feed solution was enhanced in the feed

chamber (3500 mL) by installing five partition

barriers. The experimental setup is displayed

in Fig. 2.

To search for the suitable amount of biocar-

rier for the reactor, various amounts of biocarrier,

namely, 2.25, 4.5, 6.75, 9.0, 13.5 and 18 g, made

of nonwoven material were added into the perme-

ate chamber. The wastewater contained 400 mg

phenol/L and 20 g NaCl/L. The wastewater was

treated by a batch mode while the nutrients were

routinely added. The degradation of the phenol

was determined by high performance liquid chro-

matography (HPLC, detector: Waters 490E,

Column: Hypersil BDS C18). Conductivity was

26.2 µm

14.4 µm 9.6 µm

1.0 µm 0.4 µm

Fig. 1. SEM micrograph for the cross-section of PDMS/

PSf composite membrane.
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measured by a conductivity meter (SUNTEX

SC-170). The permeate flux of phenol was

determined after the EMB was run for 72 h.

3. Results and discussion

3.1. Permeation test

Permeate test have been repeated three times

under the same operating condition. The test

results with 95% confidence interval are shown

in Fig. 3. The 9.6 mm membrane with the largest

PDMS thickness showed the highest reduction

of phenol in feed chamber and lowest increase

of phenol in permeate chamber. However, the

reduction of phenol was lower for membranes

of 1.0 and 0.4 mm because of small thickness of

PDMS and short-term testing.

Similar results for larger PDMS thickness

were observed in Fig. 4. These results revealed

that phenol could be sorbed in PDMS before

permeate through the membrane. The larger was

the PDMS thickness, the more phenol was

sorbed. The results for the 9.6 mm membrane are

shown in Fig. 5.

The adsorption and desorption experiments

were conducted to verify the above observation

(Table 2). A sample of membrane was immersed

in a 1 wt.% phenol solution for one day to

adsorb phenol from the solution. The phenol

concentration in membrane was concentrated

Pump

Gas
collection

bottle

Air

Compressor

Water
and

nutrient
Sampling Sampling

Synthetic
waste water

Permeate
chamber

Feed
chamber

Membrane

Biocarrier

Fig. 2. Set-up of extractive membrane bioreactor

system.
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Fig. 3. The short-term changes of phenol concentrations

with time in two chambers (triplicate).
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from 1 wt.% up to 32.3 wt.%. The higher affi-

nity PDMS membrane for phenol can be further

illustrated by considering the difference in solu-

bility parameters. The difference of solubility

parameters between phenol and PDMS mem-

brane (��phenol–PDMS ¼ 9.2 (J/cm3)1/2) is

lower than that between water and PDMS

membrane (��water–PDMS ¼ 32.9 (J/cm3)1/2).

That is, phenol has a stronger interaction with

PDMS than water.

The result also showed that the membrane

with thickness of 9.6 mm retained 27% of phenol

on the membrane leaving 8% of phenol passing

through the membrane into the permeate cham-

ber and 65% of phenol in the feed during 32 h

permeation. If time extended to 340 h, the result

showed that retained 69% of phenol on the mem-

brane leaving 15% of phenol passing through the

membrane into the permeate chamber and 16%

of phenol in the feed. The result verified that the

reduction of phenol in the feed chamber was

higher than the increase of phenol in the permeate

chamber for a period of time before enough

phenol was released to the permeate chamber.

3.2. Determining the major parameters

The major parameters have been screened by

the orthogonal array and range analysis. Four

parameters and three levels shown in Table 3 have

been used in the analysis. The four parameters,

including phenol concentration in influent, recir-

culation rate, membrane skin layer thickness,

and sodium chloride concentration in influent

have been operated under different conditions

(as shown in Table 3) to determine the permeate

flux. The results of 6 and 48 h operations are

listed in Table 4. It revealed that the higher was

the phenol concentration in the influent, the

higher was the permeate flux through the mem-

brane. The R values of four parameters for 6 and

48 h operations were 2.86, 0.41, 0.62, 0.27 and

2.29, 0.11, 0.31, 0.10, respectively. The results

showed that the significance of parameters on

the permeate flux follows the order of phenol

concentration, membrane skin layer thickness,

recirculation rate, and sodium chloride concen-

tration at 6 and 48 h operations.

3.3. Optimal operation range

From the orthogonal array and range analy-

sis on the four selected parameters, phenol

Table 2

Sorption experimental data

Materials Solubility

parameter (�)
(J/cm3)1/2

Difference of

solubility

parameters

(��polymer–solvent)

PDMS 14.9

Phenol 24.1 9.2

Water 47.8 32.9

Note: Feed solution: 1 wt.% aqueous phenol solution;

phenol in PDMS membrane: 32.3 wt.%.

Table 3

L9 parameter and level values of permeation test

Parameters Level 1 Level 2 Level 3

A: phenol concentration in influent (mg/L) 100 550 1000

B: recirculation rate (mL/min) 30 90 150

C: membrane skin layer thickness (mm) 26.2 9.6 0.4

D: sodium chloride concentration in influent (%) 1 3 5
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concentration in influent and membrane skin

layer thickness have been determined to be the

major variables on the permeate flux. Nine

groups of experiments have been conducted to

find the optimal operation range according to the

Response Surface Methodology (RSM). The test

conditions and results are listed in Table 5. All

the experiments have been operated with the

influent containing 3% sodium chloride and

at the recirculation rate of 90 mL/min. The

results revealed that the highest phenol permeate

flux for 13 and 48 h operations were 15.5 and

Table 4

Results of L9 orthogonal array analysis in permeate test

Concentration Results

No. Phenol conc.

in influent

(mg/L)

Recirculation

rate (mL/min)

Membrane

skin layer

thickness (mm)

Conc. of

NaCl in

influent (%)

Permeate flux

of phenol

after 6 h

(g/m2 � d)

Permeate flux

of phenol

after 48 h

(g/m2 � d)

1 100 30 26.2 1 0.93 0.38

2 100 90 9.6 3 0.60 0.25

3 100 150 0.4 5 0.35 0.18

4 550 30 9.6 5 1.21 1.14

5 550 90 0.4 1 1.11 1.07

6 550 150 26.2 3 1.40 1.29

7 1000 30 0.4 3 3.25 2.35

8 1000 90 26.2 5 4.24 2.87

9 1000 150 9.6 1 2.96 2.46

Table 5

The conditions and results of response surface methodology coupled with central composite design

Conditionsa Results

Permeate Feed

No. Phenol conc. in

influent (mg/L)

Membrane skin

layer thickness

(mm)

Phenol after

13 h operation

(g/m2 � d)

Phenol after

48 h operation

(g/m2 � d)

Phenol after

13 h operation

(g/m2 � d)

Phenol after

48 h (g/m2 � d)

1 200 1.0 0.86 0.58 0.90 0.90

2 200 14.4 1.62 0.92 0.34 0.69

3 1100 1.0 3.45 3.18 6.49 4.97

4 1100 14.4 3.00 2.24 15.5 8.63

5 650 9.6 1.48 1.48 5.45 4.23

6 650 0.40 1.70 1.58 4.65 3.78

7 650 26.2 3.40 2.40 9.58 5.68

8 14 9.6 0.17 0.05 0.07 0.32

9 1286 9.6 3.54 3.08 8.35 6.56

aAll the experiments have been operated with 3% sodium chloride at influent and recirculation rate of 90 mL/min.
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8.63 g/m2 � d, respectively when phenol concen-

tration and skin layer thickness of the membrane

were 1100 mg/L and 14.4 mm. Based on the

results of response surface (Fig. 6), it revealed

that the higher was the phenol concentration in

the influent or the thicker was the membrane skin

layer thickness, the higher was the permeate flux

through the membrane.

At the operating conditions for practices,

membrane skin layer thickness and recirculation

rate were considered to be the major variables on

the permeate flux. Nine groups of experiments

have been conducted as well. The test conditions

and results are listed in Table 6. All the experi-

ments have been operated with 3% sodium

chloride concentration and 922 mg/L phenol

concentration in influent. The results revealed

that the highest phenol permeate flux for 6 h

operation was 26.47 g/m2 � d when skin layer

thickness of the membrane and recirculation rate

were 0.4 mm and 120 mL/min, respectively. Based

on the results of response surface (Fig. 7), it

revealed that the higher was the recirculation

rate, the higher was the permeate flux through

the membrane.

3.4. Biological test

The results showed that no significant effect

of sodium chloride on phenol biodegradation

was observed for sodium chloride concentration

below 1%. Phenol degradation rate was reduced

significantly for sodium chloride concentration

over 3% (Fig. 8).

The effect of biocarrier concentration on the

flux is shown in Fig. 9. The flux increased with

biocarrier dose until it reached a maximum. The

peak flux of PDMS membrane is 9.54 g/m2 � d.

The biofouling of the membrane surface was

expected to be significant due to high density

of suspended solids. It shows that the biofouling

could be reduced by biocarrier. This reduction

was enhanced with the increasing of biocarrier

dose until that the optimum dosage was reached.

After the optimal dosage, the flux dropped

because over-packing of biocarrier interfered the

free movement of biocarriers and reduced the

permeation flux.

The conductivity and the concentration of

phenol in the biological chamber were moni-

tored along with the permeate flux. The results,

Fig. 6. Response surface of permeate flux corresponding to phenol concentration and membrane thickness.
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Table 6

The conditions and results of response surface methodology coupled with central composite design

Conditionsa Results

Permeate Feed

No. Membrane skin

layer thickness (mm)

Recirculation

rate (mL/min)

Phenol after 6 h

operation (g/m2 � d)

Phenol after 6 h

operation (g/m2 � d)

1 1.0 60 5.15 8.49

2 1.0 180 4.58 15.58

3 14.4 60 7.64 18.04

4 14.4 180 7.17 17.86

5 9.6 120 3.89 4.67

6 9.6 35 4.10 13.38

7 9.6 205 3.73 14.80

8 0.4 120 8.36 26.47

9 26.2 120 3.47 13.33

aAll the experiments have been operated with 3% sodium chloride and 922 mg/L phenol concentration in influent.

Fig. 7. Response surface of permeate flux corresponding to membrane thickness and recirculation rate.
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as shown in Table 7, indicated that the mem-

brane could successfully extract the phenol from

the high concentration salt and the biological

phase could break down the permeated phenol

completely.

4. Conclusion

Treatment of organic wastewater containing

high concentration of salts is needed in many

applications. Membrane transferring organics

coupling biological degradation was studied in

this paper. Factors affecting phenol transfer

through PDMS composite membrane have been

investigated. Experimental results showed that

the significance of parameters on the permeate

flux followed the order of phenol concentration,

membrane skin layer thickness, recirculation

rate, and sodium chloride concentration after 6

and 48 h operations. The higher was the phenol

concentration in the influent or the thicker was

the membrane skin layer thickness, the higher

was the permeate flux through membrane. Also,

the recirculation rate had the positive effect on

the permeate flux through membrane. The results

demonstrated that PDMS composite membranes

could separate phenol from the high inorganic

wastewater effectively and biological phase

degraded the permeated phenol completely

through optimum addition of biocarriers.
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Table 7

Changes of conductivity and phenol concentration through EMB operation

PDMS membrane (thickness ¼ 6.8 mm) Start of operation End of operation

No. of run/operation time (h) 1/141 2/161 1/141 2/161

Feed chamber

Conductivity (mho/cm) 31.5 31.3 31.4 31.4

Phenol concentration (mg/L) 401 404 362 323

Permeate chamber

Conductivity (mho/cm) 0.35 0.62 1.01 1.28

Phenol concentration (mg/L) ND ND ND ND

Volume ratio of biocarrier to

reactor (cm3/L)

24.6 147 24.6 147

424 M.-S. Lee et al. / Desalination 234 (2008) 416–425



Acknowledgements

The authors would like to thank the Department

of Industrial Technology, Ministry of Economic

Affairs, R.O.C., for financially supporting this

research.

References

[1] A.G. Livingston, J.P. Arcangeli, A.T. Boam,

S. Zhang, M. Marangon and L.M. Freitas dos

Santos, Extractive membrane bioreactor for detoxi-

fication of chemical industry wastes: process devel-

opment, J. Membr. Sci., 151 (1998) 29–41.

[2] C. Lipski and P. Cote, The use of pervaporation for

the removal of organic contaminants from water,

Environ. Progr., 9 (1990) 254.

[3] A.G. Livingston, L.M. Freitas dos Santos,

P. Pavasant, E.N. Pistikopoulos and L.F. Strachan,

Detoxification of industrial wastewaters in an

extractive membrane bioreactor, Water Sci. Tech-

nol., 33 (3) (1996) 1–8.

[4] E.A.C. Emanuelsson and A.G. Livingston, Over-

coming oxygen limitations in membrane-attached

biofilms — investigation of flux and diffusivity in

an anoxic biofilm, Water Res., 38 (2004) 1530–1541.

[5] M.S. Lee, C.P. Huang, J.R. Pan, B.L. Shiau and

W.K. Chang, Combination of extractive membrane

and bio-carriers to treat wastewater containing

phenol and high-strength NaCl, Proc. of Membrane

Science and Technology Symposium, April 27–28,

Singapore, 2006.

[6] R.H. Myers and D.C. Montgomery, Response

Surface Methodology — Process and Product

Optimization using Designed Experiments, 2nd

edn., John Wiley and Sons, Inc, USA, 2002.

[7] M.F. Hamoda and I.M.S. AI-Attar, Effects of high

sodium chloride concentrations on activated sludge

treatment, Water Sci. Technol., 31 (9) (1995) 61–72.

M.-S. Lee et al. / Desalination 234 (2008) 416–425 425



<<
  /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




