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Abstract — In this paper, microalgae lipid extractions were performed using conventional organic solvent and super-
critical carbon dioxide (SC-CO,) for biodiesel-convertible lipid fractions. The highest levels (58.31%) of fatty acid methyl
ester (FAME) content in the lipid extracted by SC-CO, was obtained, and 18.0 wt.% crude lipid yield was achieved for
Bligh-Dyer method. In the SC-CO, extraction, methanol as a co-solvent was applied to increase the polarity of extract. The
experimental results indicated that crude lipid yield, FAME content and yield extracted by combination of SC-CO, with
methanol were 12.5 wt.%, 56.32% and 7.04 wt.%, respectively, and this method could reduce the extraction time from
2 hour to 30 min when compared to SC-CO, extraction. Therefore, SC-CO, extraction is proven to be an environmen-
tally-friendly and an effective method for lipid extraction from microalgae.
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A B Ao 297 Co, FEHE 01431 vAEF
Q1 Nannochloropsis sp. 246 o] @] AR 48 7Fsk A4S &+
3tk 5% el M &5 Frlsl] flst] &8 A
(crude lipid)2] =53} XAk o ~H| 2 (fatty acid methyl ester,
FAME) 755 S431%0M 1 495 f7]8755H2] hexaned
Sl 2 3k &2 (soxhlet) 2 chloroform, methanol, 5= 2=
AFE-gh Bligh-Dyer =210l <3l &% A2 vlwsict. =4
Al Co, F% 349 S5 7| & 285 T7RI717] 9
3te] methanols F-EHlE ARS8 O lo] e r]d Aikg <A
F= oA 7S BT

£ Ao AR v MZF= FAERRS7] (Photobioreactor)el| 4]
HijeRE vijeklS AR st 3 FAx Slo] dojzl Ter P
Nannochloropsis sp(PROVIRON INDUSTRIES NV, Provifeed™
Nannochloropsis FD, Belgium)°|™, 5 A71% Al 5+ 483k 4°C
o] Walof] BatkehaA A el AFE-sl3ITE. PROVIRON AellA]
{18+ Nannochloropsis sp.2] *3%-5 Table 19 YERASITH

2-2. Bligh-Dyer &4

Nannochloropsis 717 I+-9-1] 5 g& 5o flaskell B2 &
chloroform 50 mL, methanol 50 mL, 557 45 mL(1:1:0.9, v/v/v)&
7 150 pm O 2 AR E<F wHESISIE}, wHEE Al S5 glass microfiber
filter(Whatman™, 0.45 um, UK)E 53l 1243} A4S 228t
FEH W AN ET £S5 Felsl] f8 2w r)el v &
2 FYA AT AR BTl Awe xFsta 9l
chloroform 55 Fl8lo] 51%12] 719+ S 1(EYELA, N-1110V, Japan)=
o183jo] BujE SN F 8-S SHA0H, A Akl

FAME 935 2431510,
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2-3. &3 =54

Nannochloropsis 713 3+-9-U] 5g& J&35lo] thimble filter
(ADVANTEC, ID25 mm OD28 mm L100 mm, Japan)°l] B2 & &
& F27] ol AR5 1, n-hexane 300 mLZ 24A|7F (£
3|35 428 3]) &2t FESIGILE 2] FRE F &8s T
now, FE9 A2 AEFslsltt

2-4. = Cco, FTEY

Z97 €O, FZ4 gl AREE WX 9] JEHEE Fig. 19 Y
ERSITE RES 7= sus316 A ] Ui-8-5F 20 mL(1.5 em LD, 12 cm
Height)2] #E4H-3715 ARSI 9™, Nannochloropsis 713 A&
2 g gFate] Wh7] Uiell Wil Co, F& Al AlR7FRES 7] SR

WAL RE 28 93 5 Qs ihe] 50 9 2 feld

Table 1. Composition of Nannochloropsis sp.

Component Content (wt.%) Test method
Total neutral fat 15-25 ISO 1443
Protein 35-45 ISO 937-1SO 1871
Ash max. 20 1SO 936
Water max. 10 -
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Fig. 1. Schematic diagram of SC-CO, extraction with co-solvent of

microalgae.

1. CO, Cylinder 8. Electric band heater

2. Cold liquid circulator 9. Thermocouple

3. Heat Exchanger 10. Pressure transmitter

4. Syringe pump 11. Controller

5. MeOH feed burette 12. Back pressure regulator
6. HPLC pump 13. Separator

7. Extractor 14. CO, vent

Fr(glass wool)= ottt COE 38ty flste] At AN &
-10 °CE frAlaIgl o, dak= 5 A7 7I8kek=dl syringe
pump(ISCO, 260D, U.S.A)E ARE8ISITE. 3t ool gl Sof]
back pressure regulator(TESCOM, 26-1762-24-161, US.A)Z RH-5-7]
Y- $FE= 400 bare. A7 FrAIe3) o1, sl CO,0| k-
4 mL/minZ 7313t} 8871 2] 2%3= heating bandE 7}o} PID
controllerel] 143t} 50 °CE Y3 Aof3lelrt. 581 av&
Aol 7] $13l] CO, T} Al F-8v] methanots HHS71 U=
218131 21, HPLC pump(Chrom Tech, Inc., P-1010, U.S.A)S
AFE310] 0.4 mL/min®] %02 AaHA F4I8Siv. 2947 co,
of) F2E0] L& 5L sepmatoclA] 7171 CO,2H B2l o Ay
2% 542 1RIZW)Z B510] methanol AT & 8-S
S459.00, FAME B8 243k50t.

2-5. R|2paE 2A

FZ% A4 e] FAME 3t At 245 24817 Sl +
Z% A2 400 mgell BF;/methanol 4 mLE
&}t Aol Av| 23} vhe-5 FAEI WhE-edls A2k izt

e}
3}l hexane 5 mLe} S5 2 mLE 3713 U} ARV ]E A

(Agilent, HP-6890, U.S.A)ZE 431t} WFEFE22 methyl
heptadecanoates hexane®ll %1 5 mg/mLe] §-HS AFHE3I T,
GC column<>- HP-88 capillary column(Agilent, 100 m x 0.25 mm x 0.2 um,
US.A)S ARSISITE B4 7208 27] A™ &% 50 °CollM 1 el
A8 3903 3 170 °C7HA] 10 °C/min®=, 170 °ColA 210 °C7HA1=
5°C/min®% 523101 10 w7+ <18k 2, 230 °C7H4] 5 °C/min® =
S2ato] 61118kl oW carrier gas (He) ©] %> 1 mL/min,

injector?} detector®] <= 260 °CZ 4815t} FAMES] Ad+-2
glslr] Y8l GC/MS(Agilent, HP-5973, USAYE AMESIITE.
Ton source?] &5 280 °C, interface?] &5+ 260 °CE 4313
t}. 574% ME3} standard A= peak®] retention times H] &}
/24519 21, El mass spectra(70 eV, 50~500 m/z)% 15}
At

3. gdu} ¥ nE

=734 (total neutral fat) $0] 15~25%S1 Nannochloropsis sp.
ulAIZFoll tiste] 2UAl CO, FER (50 °C, 400 bar)} &2l
methanots ARS8 204 59, 18] 3 Bligh-Dyer 2 &2
& sl A3E vwsiglth. 27 Co, FEeHE T89S
H3IA]7]7] Y5Fe] YR S 2 methanol, ethanol, toluene, methanol-
water L3NS ARGSITE 2 Aol e FEEES TTMIII] 4
ato] SAJo] =0l BAEAAE 200 E80] £ methanokx A
glato] ARgaitt. 5 § dofxl BE A & vt
o] Axksteict.

Weight of extractedlipid (g)

s o/ —
Lipid Yield (wt.%) Weight of microalgae (g) * 100 M

Table 2] Z42}e] FE ol thell F29 =AW 82 Hatak
9 251212 JeRITE Bligh-Dyer 3% 0] 18.0 wt.%z Al
Ao 2 FES HIloH, £5Y FEHL 24431 31 ARE

%297 CO, FEHORE 69wt% TES Ao, T EmE
methanol 78IS Aol FEAI0] 30802 E95%
12.5 wt.%2] vl =2 585 At A2 =l {4A &38l=]
A o= TSR RA, tiRR Y] AL A hxel] whet T4
Z (acylglycerols, free fatty acids(FFA), hydrocarbons, sterols, ketones,
pigmentsyt AR Q1A @A) 7 71 = 1578 7 Tt Bligh-
Dyer 212 H]=4J212] chloroform¥} =d-8-1|Q] methanol %!
SiTE ARgSe] mAIERT o] SR SRS B 5
=3l W] vl 7S =2 A FE TEE 98 AN
£ 4 SC-CO, FEHel| gJsto] F59 A e] &2 43l
FEAREE] Afololl iz E-ekal tha: A 1.9 wt.%2] Ao & HEh
Ak o= ZUA 2] 18t FAllel] 2k Alars] sly] gy} whiEd
Zolek. AN HISA Bl E AR HE53 FEH 9 SC-Co, 7=
Hell eJal FE8 A e T2 A o A2 Zls &SIk
Z97 €O, F=¥ EAlol F-EE methanots H7FIE 35
ol FEE A 2AEY 80] 125 wihE Ao R =2 5
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Table 2. Crude lipid yield at different extraction methods

Extraction method Yield” (wt.%) Extraction time (hour)
Bligh-Dyer 18.0 (+0.8) 2

Soxhlet 8.8 (£0.4) 24
SC-CO,° 6.9 (+0.6) 1

SC-CO, w/co-solvent® 12.5 (0.6) 0.5

“Lipid yields represent the average of three experiment (+standard deviation).
bSC-CO0, extraction was performed at 50 °C, 400 bar, and 4.0 mL/minCO,.
“SC-CO, w/co-solvent was performed at 50 °C, 400 bar, 4.0 mL/minCO,,
and 0.4 mLMeOH.
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Fig. 2. GC chromatogram of the Nannochloropsis sp. lipid products extracted with SC-CO, and methanol under 50 °C, 400 bar, 4.0 mL/min-

CO,, and 0.4 mL/minMeOH.
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4& &3l FAME $-2 ARSISITE. Fig. 200= 294 CO,°l
methanole -2Vl 2 ARE-31o] 23 X4 GC chromatograms
A o= vEhgleh. Z42be] 35 el whE FAME 335 &
21819331, FAME $%(%) 2 FAME S-&(wt.%) = 713151 Table 31
LFERNSIEE. FAME $F(content)?} FAME 45 (yield)y> o}2j o] 2]
O 7 ALkt

FAME content (%) =

CEA) A « C]STD;;VISTD %100 @)

AISTD

YA is the total peak area from FAME

Agrp is the peak area corresponding to methyl heptadecanoate

Csrp is the concentration of the methyl heptadecanoate solution
[mg/ml]

V;srp is the volume of the methyl heptadecanoate solution [ml]

m is the mass of the sample [mg]

. Lipid yield (wt.%)xFAME content (%)
FAME yield (wt.%) = 3)

100
Table 35 Hw ofg] 7k o &3 A4S A% A
F= "ol FAME®] Adel mlAl= &= vn|e s & = 3

Q. FE9 AHe] ¥ FAMES palmitic acid (C16:0), palmitoleic
acid (C16:1), oleic acid (C18:1c¢), tricosanoic acid (C20:5), eicosapentaenoic
acid (C20:5)2] methyl ester®] ™, &3 3} % (degree of unsaturation)=
SC-CO, FZ5°] 131.17% 7P 2+ 3-8 8.1, Bligh-Dyer H
o] 213.630.% 7P¢ & Fro® AXIEl e, SC-CO, wMeOH 5
EH2 FE31E7) 200.78°]1 30T, Kinney 5231 vlo] 2]l o] &
2sleta SAo] A ) Aake] 24 9 12rE feEs
methyl ester®] Aol wha} gt Husigith A& &

palmitic acidL} stearic acid®} =2 E3pA|HAto] Wol i &

Korean Chem. Eng. Res., Vol. 53, No. 2, April, 2015
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Table 3. Comparison of FAME compositions and yields for different extraction methods

Extraction method

Bligh-Dyer Soxhlet SC-CO, SC-CO, w/MeOH
Extraction time (hr) 2 24 1 0.5
Crude lipid yield (wt.%) 18.0 (+0.8) 8.8 (+0.8) 6.9 (£0.6) 12.5 (+0.6)
FAME composition (%FAME)
Butyric acid (C4:0) 0.00 0.21 0.00 0.00
Caprylic acid (C8:0) 0.00 0.21 0.00 0.18
Decanoic acid (C10:0) 0.00 0.33 0.23 0.24
Lauric acid (C12:0) 0.71 1.34 0.63 1.53
Tridecanoic acid (C13:0) 0.31 1.32 0.19 1.49
Myristic acid (C14:0) 4.11 4.93 3.92 415
Myristoleic acid (C14:1) 0.36 0.70 0.10 0.74
Pentadecanoic acid (C15:0) 0.27 0.35 0.31 0.33
Palmitic acid (C16:0) 22.93 29.03 27.29 23.01
Palmitoleic acid (C16:1) 21.08 24.79 26.56 21.05
Heptadenoic acid (C17:1) 0.27 0.20 0.25 0.23
Stearic acid (C18:0) 0.51 1.26 1.83 1.10
Oleic acid (C18:1c¢) 4.40 5.89 10.60 4.80
Lonolelaidic acid (C18:2t) 0.15 0.00 0.37 0.00
Linoleic acid (C18:2c) 2.20 1.57 8.78 1.98
y-Linolenic acid (C18:3n6) 0.00 0.23 0.29 0.13
Arachidic acid (C20:0) 0.58 0.46 0.45 0.53
Eicosenoic acid (C20:1) 0.00 0.00 0.22 0.13
Eicosadienoic acid (C20:2) 0.00 0.19 0.11 0.00
Behenic acid (C22:0) 0.16 0.00 0.41 0.13
Eicosapentaenoic acid (C20:3n3) 0.42 0.34 0.36 0.33
Erucic acid (C22:1) 0.00 0.30 0.16 0.00
Tricosanoic acid (C23:0) 5.24 3.05 2.39 423
Eicosapentaenoic acid (C20:5) 36.31 23.31 1443 33.70
Docosahexaenoic acid (C22:6) 0.00 0.00 0.11 0.00
Degree of unsaturation® 213.63 153.67 131.17 200.78
FAME content (%) 53.69 53.06 5831 56.32
FAME yield (wt.%) 9.66 4.67 4.02 7.04

“Degree of unsaturation = 1 x monoene (%) + 2 x diene (%) + 3 x triene (%) + 4 x tetraene (%) + 5 x pentaene (%) + 6 x hexaene (%)

H]8l] FAME ABIS7} 59k oL} 220 =80 6.9 wt.%= 7P ¥
ke 247 Ol S22 methanolS ARE-SH 74-9-olli= WES- A
7r 3050 ZA & 12.5 wt.%, FAME 3% 56.32%, FAME &
& 7.04wt %2 F RES AlZtel Bl 4] 352 FAME 785 45 5 9l
ATk wEhA, wjA|zRellA vlo] e As Balslr] 2k 2| A ]
Zoll 297 co, FEHo] F33] o8 7 Y& A o= et

7 A

AT 201305 AR A0 A O = slel A7 g7}
AKETEP)2] A g8 o =813t o7-2}A4 1L ThiNo. 20133030090820),

References

1. Demirbas, A., “Progress and Recent Trends in Biodiesel Fuels)
Energy Conv. Manag., 50, 14-34(2009).
2. Gavrilescu, M. and Chisti, Y., “Biotechnology - a Sustainable

Alternative for Chemical Industry;” Biotechnology Advances, 23,
471-499(2005).

3. Pulz, O. and Gross, W., “Valuable Products from Biotechnology

of Microalgae)’ Appl. Microbiol. Biotechnol., 65, 635-648(2004).

4. Chisti, Y., “Biodiesel from Microalgae]’ Biotechnology Advances,

25, 294-306(2007).

5. Rosenberg, J. N., Oyler, G. A., Wilkinson, L. and Betenbaugh,

M. J, “A Green Light for Engineered Algae: Redirecting Metabo-
lism to Fuel a Biotechnology Revolution)’ Curr. Opin. Biotech-
nol., 19, 430-436(2008).

6. Schenk, P. M., Thomas-Hall, S. R., Stephens, E., Marx, U. C.,

Mussgnug, J. H.., Posten, C., Kruse, O. and Hankamer, B., ““Second
Generation Biofuels: High-Efficiency Microalgae for Biodiesel
Production]’ Bioenergy Research, 1, 20-43(2008).

7. Lardon, L., Helias, A., Sialve, B., Steyer, P. and Bernard, O.,

“Life-Cycle Assessment of Biodiesel Production from Microal-
gae]’ Environ. Sci. Technol., 43(17), 6475-6481(2009).

8. Lee, H. S., Jeon, S. G, Oh, Y. K., Kim, K. H., Chung, S. H., Na,

J. G and Yeo, S. D., “Recovery of Lipids from Chlorella sp. KR-
1 via Pyrolysis and Characteristics of the Pyrolysis Oil;” Korean

Korean Chem. Eng. Res., Vol. 53, No. 2, April, 2015



210

10.

11.

12.

13.

14.

15.

16.

#34

FAE

Chem. Eng. Res., 50(4), 672-677(2012).

. Mata, T. M., Martins A. A. and Caetano, N. S., “Microalgae for

Biodiesel Production and Other Applications: A Review)” Renew.
Sust. Energ. Rev., 14, 217-232(2010).

Kim, J. K., Um, B. H. and Kim, T. H., “Bioethanol Production from
Micro-algae, Schizocytrium sp., Using Hydrothermal Treatment
and Biological Conversion]’ Korean J. Chem. Eng., 29(2), 209-
214(2012).

Mercer, P. and Amenta, R. E., “Developments in Oil Extraction
from Microalgae’ European Journal of Lipid Science and Technol-
ogy, 113, 539-547(2011).

Araujo, G. S., Matos, L. J. B. L., Fernandes, J. O., Cartaxo, S., J.
M., Gongalves, L. R. B., Fermamdes, F. A. N. and Farias, W. R.
L., “Extraction of Lipids from Microalgae by Ultrasound Appli-
cation: Prospection of the Optimal Extraction Method;” Ultrason.
Sonochem., 20, 95-98(2013).

Shin, H. Y., Ryu, J. H., Bae, S. Y., Crofcheck, C. and Crocker,
M., “Lipid Extraction from Scenedesmus sp. Microalgae for Bio-
diesel Production Using Hot Compressed Hexane) Fuel, 130,
66-69(2014).

Taher, H., Al-Zuhair, S., Al-Marzouqi, A. H., Haik, Y., Farid, M.
and Tarig, S., “Supercritical Carbon Dioxide Extraction of Microal-
gae Lipid: Process Optimization and Laboratory Scale-Up;’ J.
Supercrit. Fluids, 86, 57-66(2014).

Tang, S., Qin, C., Wang, H., Li, S. and Tian, S., “Study on Supercrit-
ical Extraction of Lipids and Enrichment of DHA from Oil-Rich
Microalgae)’ J. Supercrit. Fluids, 57, 44-49(2011).

Mendes, R. L., Nobre, B. P., Cardoso, M. T., Pereira, A. P. and

Korean Chem. Eng. Res., Vol. 53, No. 2, April, 2015

17.

18.

19.

20.

21.

22.

23.

ST o -2 A

Palavra, A. F., “Supercritical Carbon Dioxide Extraction of Com-
pounds with Pharmaceutical Importance from Microalgae’ Inorg.
Chim. Acta., 356, 328-334(2003).

Cheung, P. C. K., “Temperature and Pressure Effects on Super-
critical Carbon Dioxide Extraction of n-3 Fatty Acids from Red
Seaweed’ Food Chem., 65, 399-403(1999).

Andrich, G, Nesti, U., Venturi, F., Zinnai, A. and Fiorentini, R.,
“Supercritical Fluid Extraction of Bioactive Lipids from the
Micrialga Nannochloropsis sp.,” European Journal of Lipid Science
and Technology, 107, 381-386(2005).

Couto, R. M., Simdes, P. C., Reis, A., Silva, T. L. D., Martins, V.
H. and Sanchex-Vicente, Y., “Supercritical Fluid Extraction of
Lipids from the Heterotrophic Microalga Crypthecodinium Cohnii’
Engineering in Life Sciences, 10(2), 158-164(2010).

Choi, K. J., Nakhost, Z., Krukonis, V. J. and Karel M., “Super-
critical Fluid Extraction and Characterization of Lipids from
Algae Scenedesmus Obliquus]’ Food Biotechnology, 1(2), 268-
281(1987).

Sajilata, M. G, Singhal, R. S. and Kamat M. Y., “Supercritical
CO, Extraction of c-linolenic Acid (GLA) from Spirulina Plat-
ensis ARM 740 Using Response Surface Methodology;” J. Food
Eng., 84, 321-326(2008).

Tang, S., Qin, C., Wang, H., Li, S. and Tian, S., “Study on
Supercritical Extraction of Lipids and Enrichment of DHA from
Oil-rich Microalgae]’ J. Supercrit. Fluids, 57, 44-49(2011).
Kinney, A. J. and Clemente, T. E., “Modifying Soybean Oil fir
Enhanced Performance in Biodiesel Blends.’ Fuel Process. Tech-
nol., 86, 1137-1147(2005).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /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 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


