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Supercritical Carbon Dioxide Extraction of Oil from Chlorella vulgaris
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Abstract: In this study, two different extraction techniques,
organic solvent extraction and supercritical carbon dioxide
(SCCO,) extraction, were employed to evaluate the extraction
efficiency of oil from Chlorella vulgaris. In the organic solvent
extraction, the effects of various organic solvent on the
extraction yield were investigated. The SCCO; extraction
was carried out while varying such operating parameters as
temperature, pressure, SCCO, flow rate, and cosolvent. About
4.9 wt% of oil was extracted from ground Chrollera vulgaris
for 18 h when dichloromethane/methanol (2 : 1, v/v) was used
as an extraction solvent. The oil yield of the SCCO, extraction
was found to be very low (0.53 wt%) and to increase up to
about 0.86 wt% with the addition of cosolvent.

Keywords: microalgae, Chlorella vulgaris, supercritical carbon
dioxide, extraction, oil
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W2 FAP) o] oA AL Qit}. 11 F vle| AR AjAYo]
7Fs gk vl QuiAE Fato] AJAite] Zhsskal oliksleka
o] Hijzo] Ae] glof 3 XsHA o= 2A] 472 tiA
AR ZhgRar glet [1,2].

Hlo] @ Ag F vlo| et AL AEA 7§ EE 5=
A kS Wgkg3} Holol| AH| 23} (transesterfication) HHS-
< B3l GA 9= 5 ok [3]. olst vlo]e AR st
o] S7Igte]| me} nlo] e s ALk S8l AREE PR
o] /o S A& oR Frkekal 9lon, 1wl Y8
7HEo] A&A 02 AksEtal Qe Sl vleo] er] A Ak
< gt vlo| euAg 1AldE A, sl IR, ol
58 22 AEAES, 24U Sy HlEAle) 22
H|A 8225 o 88ISiTt [4]. Z1efvh 2HEe] 2 7 4
AR E A7 s, G W Ao Qlutk. T1EiA
FHZoll= Al 3AUR PlAEFE vl Qul A= o]88ke=
A7t Dds] w3 glet [5].

FAY A%, HrE, vioke) 22 R ellA] A As)
= AR EHAESRE YA F5F (algae)d! AR
(microalgae)= ©|1sEHA (COy), &, EgUA]E o] &3t
IS Sl vkt RS sk, AlEel nlEl] F2)
SE7F M= 7 5s fIst fadxkte] golshy] wii
off theFel T2 FEEAS A & ol 548 7K
AT =, v Folv ke ESF 2hEell vlaEl] 4%
ST} vlle- wEaL whe] WA ol el E2- 2
= AAE B = Qlo] AfRLe] AR |NEe R & wljofo] Thsst
], ol et el el E AAEE 4 e A
o] qict. 1A HE Jule]H o8 vAER{E o]83t ook
AREA, HAAML, PR, AEr|s, 2 52 Al
tigt A7) ghe] Zs= A Sk [6]. 53] nlAEFES-
B ilERE 002 vlo|er] AR o] Hto] 7ksalr| wheell
nlEe] oURRFA O S FARS R Qi) [7,8].
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Hlo| QuAZHE @S FEeh= o EE o,
718, ', mpo]ldZ ol B, 253} 58] = Ho]
ARGE] L glony, o] dt HPHES - oluA] 4H1E o4
07 npo]|QuiAy @A A HE FE2E, 71 2JARE,
H=Fe] f7]8u) AR 9 {78 3k, okl < Ay
59 BAES 7K ek vle] eufaR 0 FEFA
S Hehrdsh| Qe RIS 29 olikshekA
(supercritical carbon dioxide)E ©|-8-3t ZIAGA ==
(supercritical fluid extraction, SFE) 7] thet &I~} ghit
3] A= XAl Ut [9-13].

ZAAA 2 7 we 4 2 SAdY S5, WU
AL, =2 SRR st A5 Y29 me H5FA
Aol el 2pda A Tk 22 294 FA1Y 5AES
o] g3t 7|ERA] F=o|2el: sleke 9 3l o5, A%
s}, A, Ax 59 goksl 3ollA o] & Qi

ZAA 5 ol AR RS} FE2 747+ 31TC
9} 7.3 MPal. 2 23}st F71of|A] 2k 4= Qlo] HAd=

A

fraARol F5o] ARl 1213 T4, Rk, ARle
71 919) gl B RS AT 9lon], ene

Shez712] Wslel 3-8 (cosolvent) o] AR-S &3l Al
o|itslekae] thekst gl ) fradtel et AEidS
Folgk = Qlvh= 4ls 7tk

2 AT 54 v =721 Chlorella vulgaris (C.
vulgaris) 258 7180 FE 2944 olkstera =
WS o]gslo] @ FEe tish A7E sl #71
Bl T2 7] 8l S5l ARl w3l sl A
sl oM, A o ikEtRA: FE SlolME &k, o,
olaksles 45 W 81 (cosolvent) 7} 50 3RS
of W Jas ALl

2.2 R
21. 4842

Chlorella vulgaris (C. vulgaris)i= (F) oA &FHto}
ARgBIl oM, 29A] FAIZE 99.5%2] £ 7= oAt
sk () SWST7ES, tiEml=hE T3lste] ARSI
o G718 53 294 oliksteiA FEe] FEE
AREE S5 HPLCH O & FisherAb25-E 139135k
O ol AT glo] ARSIt FEEel £33 oY
shaf A2 21 ¥-=2 (fatty acid methyl ester (FAME)
mixtures; C4 :0-C24 : 1, 99.9%, Supelco, USA)= heptane
of §3lIAIA AREBISI oM, FEH 2Y9] T2 N =
°] KOH-methanol (MeOH) £-9%5- ©]8-5}] FAMEC.= %

22. #7189 F=&

C. vulgaris= "L APEE o] 8310] 10 ¥ 242 5 7] &
o o] ARgSIGlTE 75 AP A= F 1 g= 100 mL
9] < He Z2~F (round bottom flask)oll ¥al 100 mL
O] FEEE > F Ad2olA 1-7241%F BRF s3I

AR F2AY & FE20 A ofFste] C.ovulgaris
ZHE F2IE Fgeiglon, IE 9 C vulgarisoll
= pra

2.3. 294 ojitsteta &

29 oikslerA % Y2 analytical-scale] ZS1A|
A 3%7] (SFX 3560, ISCO, Lincoln, USA)Z A5
©m,40~80C, 1.5~50 MPa®] 21, o¥] & F-gulje] tigh
gkl disl) SISt 2 A3eA] AREE analytical-scale
Z9A A F24A19] 7= E Fig. 10 YERARItE SFX
3560 AY A= 29A FAISE BEgule] el Fesh
2tf1e] A 319t ARRHAE (syringe pump, 260D, 100DX,
ISCO, USA)$} HEE AoJsk= 47| (controller), -5
ZA2 Y3t restrictor, 1Y chamber 2! FEE2] 32
H3t FHFZ o]FoHW EAR FAE] 9loH, x4
oJRESIEAE o] &3t C vulgarisoll = AL et 22
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Fig. 1. Schematic diagram of the ISCO SFX 3560 supercritical fluid
extractor used in this study.
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2.4.2. ARF EA

C. vulgaris F=% 52 WA 2435 gR1sh] flal vy
Y52 methyl nonadecanoateS 1 mg/mL 5% heptane
of] B3lIA 1A stock solutions A58t $- F=5 50 mgell stock
solution 5 mL-5 g 82A17] -2 N 52 KOH-MeOH
€9 0.05 mLE 7lslo] FEmu) 998 FAMEC® %1%k
3} > GC/FID (Gas Chromatography/Flamed Ionized Detector,
5890 Series II, Hewlett Packard, USA)S ©|-8-3}o] #3}Ak
sleks Z7gsisith. 74 292 DB-1 (60 mx 0.25 mm
x 0.25 um, Agilent J&W Scientific, USA)S ARSI,
of w @:29] L= 150 Tl 2323 FA1AX1 5= 200T7k
] 5C/ming] £5% 5& A)7|a1, 250 C7HA)= 2°C/ming)
HER T2 AZ 32047 2 EF fHske] A s
ol o RE T4 VAIE ARSI AlEE 1 s FY
3151 01, split ratiot= 50 : 12 SISt} Tok =9} A&
Ho 2= 7217k 250°C, 300CE 41813

3.8% 4 %

3.1. §7184 &

C. vulgarisZE] 718 5% 43> MeOH, ethanol (EtOH),
dichloromethane (DCM), chloroform, acetone, hexane 52
801wl 9 Eqsle] ALRel SAIRE B3k Sasigle
], 71 A7E Fig. 2] YERJSITE. Acetone?} hexane ]
749 A&7} 0 F= 50] Si9ken, DCM/MeOH (2 : 1,
viv)el 739 410%= 7P =2 oY F= 758 7HTh
Acetone®} hexane©| %2 A 5 &5 7= A <
A Kim [14]°] 73t /7] SuE ©]8-3t Scenedesmus sp.
2RE A7 2% AR 2018 5 .
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Fig. 2. Effect of various organic solvents on the extraction yield in the
organic solvent extracton.

F71 ) FEeIN A 35 FES A7 §irt
T 154 9 a5 540 o8 T deh |
o} 254 81”1 DCMS] 739 9. gt et o

U WA S dist f8les Wk v, 1A gl
MeOH-2 2o st £3)| 1= stoy XA E4of st
Sl =k IERIE nlEke] o] X3 mMERE
F=T A Ay o] EAlshs o] & |7t
AlEY YR JAFehs As Wallsh] wiwel =& e
AsPdel e B e e % 755 7HA #r
Hhd X150 o] 9= 2o k2 S3)|% ol wh
29 F= &8 7 Fvk 1M AT A 54
= 7K T BuilE Adst vlaR 239 A4S =
=7 el FES 45 F U [14].

FEadl 299 =E vlwgh A3 MeOH | 7%
FEE TEE Holu 24 55 23% ©|3{th ¥ DC
O] Ag FEE TES 8%E WO 2 = °F 88%
2 7P =2 3hs JERAQITE B8 EtOH S 85 FE=
T Y £EE 27.16%% 7P 22 ke 7 gisint

718 = A A P =2 0 78S T
DCM/MeOH (2 : 1, v/v)E S1E A3t C. vulgaris©ll
23 T 29| IES dopy] Qleto] 2RI Bt =
AFS FPaigion, % Azt e oA & HskE
Fig. 36 JERJISITE. 18AIF o] % F=25 2 k2 & #]0|
7F UERFA] 949ko ™, C. vulgarisolli= ©F 4.64%%] 2. Yo]
ghrEo] 9laS ERISH3IT}. Gouveia and Oliveira [15]
o] AT Aol C. vulgarisolli= F 5.1%2] 2Yo] T
ol Qe I F glom, & ¥ Ay} fAksE g
7= A& gRIS = QISITE Yo% mlA|lRFe] AH
[eiz=2X¢l A

N
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rlo
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< e

2
ke £ W A, o[kl B pH, WS 59 ofe
7] Q1) o8] AHT) e FolM C o vulgaris )
A ghE ek wt 5-60%7HAE vH= A=

ok 4= itk [16].
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Fig. 3. Variation in the extraction yield with time when DCM/MeOH
(2 11, v/v) was used as extraction solvent.
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Fig. 4. Effect of temperature and pressure on the extraction yield of
oil when the SCCO extraction was carried out at CO, flow rate of
1 mL/min.

S T mE 9 2 22 MPa?] §E A A

A& 2R ARE BojFar Qe ©F 22 MPa 7] 9
= 7o vk o RiSleM e 25 AAEE o
o] e SISl oM, =2 oFy WelelM= =57t 27
5 2 FE0] STRISIH ol 29 gt A
o} F715tel Y W] wFe] 54 d¥s Ve R o
w2 H 2ol o Baller) el ofEekal o %
o 2eME 249 gl o) F718 T
sE7] wizoltt [17,18].
QA oltsheA 352 e 7] Bl FEel B
Ao g vk 5 FES TS As g1
Ol 2 oisheRAo] A vISAd A 7
g Al o] 7t golak] o] wiel] AlsEH
eUdS g8H0R FEHA Kot W FFE FEE
Al fek, 294 olilshebad] @ % -8 hexane
= o&st A8 FE FE Hsst AYE Kola gle
o, o]2fgt Ayl= A o|4telRkA7} hexane ¥} FAFSE &
3= yl2h]E] (solubility parameter) ak= 7F4]7] Wizl A
2 HSSEE 25 78S T Ae® AZE ot

o202 oo
iy

N
N

Fig. 53 50 MPa?] ¢+& oA &0 upE x4 9]
T8 W3S Yehlar Quk 23eld Bisule) go] 5
A e 25 Tl wet A FE e SRR
S Kol Qlrt. ol oA A et ulel o] 50 MPa2)
T2 H Rl 257t SN uet FEEE A &
7190] S7PF 24 oikERk Al W FHAaRTE U] 94
atA 2Hgab7] witel = 7ol S7FH ddt.
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Fig. 5. Effect of temperature on the extraction yield of total lipid
and oil when the SCCO, extraction was performed at 50 MPa with
CO, flow rate of 1 mL/min.

3.2.2. CO, #<9] 93¢

Fig. 6 olakalebro] f-45 Wglo] uhe 35 -85 et
W glek. 5% 288 80T, 50 MPa2] 2% ¢ Z7o]
A 4X7F ot ol FIT). o|AkEtErAR O] f&o] S
nE} 3% 782 SV O, 1 mL/min o749 oliks}
Ehr fEoA 2 8 2 2o)E HolA| Ygit) o)Ak
SlERARS] 155 71l wet O B2 o) oJalslekAT) AR
7] vgel Y FEAIRE B9 ¢ B2 ] 2YS =
= = 9tk 72t 1 mL/min ©)3e] G504 35 589
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Fig. 6. Effect of CO, flow rate on the extraction yield of total lipid and
oil when the SCCO, extraction was carried out at 50 MPa and 80°C.
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Table 1. Fatty acid composition of oil extracted by three different extraction method

Composition (%)

Fatty Acid Name Organic solvent extraction® SCCO, extraction”  Modified-SCCO; extraction®
C10:0 Capric Acid 0 0.012 0
Cl4 : In5 Myristoleic acid 0 0.104 0
C16 : 1n7 Palmitoleic acid 0.167 0.008 0.137
Cl6: 0 Palmitic acid 0.091 0.047 0.031
C18 : 3n6 y-Linolenic acid 0.032 0.008 0.078
C18 : 3n3 a-Linolenic acid 81.895 85.392 83.100
C18 : 2n6t Linolelaidic acid 8.215 10.117 8.211
C18 : 1n9¢ Oleic acid 6.150 3.015 5.921
C18 : 1n9t Elaidic acid 1.582 1.106 1.652
Cl18:0 Stearic acid 1.061 0.005 0.150
C20 : 2n6 cis-11,14-Eicosadienoic acid 0.311 0.105 0.302
C20 : 1n9 cis-11-Eicosenoic acid 0.307 0.019 0.342
C20:0 Arachidic acid 0.051 0.053 0.076
Cc22:0 Behenic acid 0.135 0.000 0.000
C24:0 Lignoceric acid 0.004 0.000 0.000

Total 100.00 100.00 100.00

a: DCM/MeOH (1:2, v/v) extraction at room temperature for 18 h.

b: SCCO; extraction at 80°C and 50 MPa for 4 h with CO; flow rate of 2 mL/min.
c: SCCO; extraction modified with 10% DCM/MeOH(1:2, v/v) at 80°C and 50 MPa for 4 h with CO, flow rate of 2 mL/min.

3.2.3. FLojo] ojgt
SkA] ofe] AFRbEo] 29| okt ER RG] 5 a5S N
Ash] st Wi o R 29 fAllell 3-8uE d7kst A3
BT [19,20]. ool & A= 24 o)4ils)
A 20 o] FEe] MUt o FE vX|= A%k
st A3 st 387t 7k 2904 olitkst
S 322 80C, 50 MPa®] %9 948 12]17 2 mL/min
9 O]/‘}-@}E}fﬁ\— oA Falegict. olm] F-&ufli= okA

rulo

27

' rﬁ 4»

au

F71 $rf FZoll ARFE STHE 10% (viv)E 78IS
5
I Total lipid
/3 oil
4
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Fig. 7. Effect of various cosolvents (10%, v/v) on the extraction yield
when the SCCO; extraction was carried out at 50 MPa and 80C
with CO; flow rate of 2 mL/min.
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Sit. 1o McOHS) A% % A& Zrtekart.

o= 2154 8l MeOH?| H7k2 29 019]9] FE5]
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< Z3st SulE FEuE ARES A oY FE TES
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SulE FHUNE AFET A 1Y B 3F SEE 98
T ANoH, A olakslekA = OH] oF 60% U 7T
Sk gk BIIt ol wMERFe] Al e B o]
S0 Sgahed ol 2 gohe] Wi A
Aﬂ%ﬂq 2 23] Walsle] 3% 0] ad wh,
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7w e e el 25 £ o
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|l =, =58t 294 olikslea: % 4 10% DCM/
MeOH (2 : 1, v/v)2] 387} 71 247 oilslebs 5=
S B3l oI C ovulgaris 2L°] = HOV\ FZAS Blw
3lo] Table 1] UrEM“E‘r Al 7HA] 2 5
acid7} 7Fg =2 s 7HAAL 2l%0
Ak 299 2 Aol YL el 5 -
Sl U E 32 8 32
3tod Table 201 YERASICE f-7180) 3=
(21, v)E olg-3to] 1847 =2 %%
464 wt%, et 2071 Wﬁ}EVE o]
< 79 9F 0.53 wt%, 10% DCM/MeOH (1 2, VW)7} 3-8
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A= e &

Sl =Rl visl v W 2 28

Q1% % ik, R, 29 fAl F2el Slol B8t W
35 oF 60% U] & FE FES 92 U FE
Bu) 9919] St R4 el vls) 29 A 75
o A% d & 2% WIT F Ak

Table 2. Effect of extraction methods on the extraction yield and
purity of oil from C. vulgaris

Organic solvent SCCO,  Modified-SCCO,
extraction” extraction” extraction’
Extract (%) 24.43 2.18 3.5
Oil (%) 4.64 0.53 0.86
Purity (%)’ 19.0 243 24.6

a: DCM/MeOH (1:2, v/v) extraction at room temperature for 18 h.
b: SCCO; extraction at 80°C and 50 MPa for 4 h with CO, flow rate
of 2 mL/min.

¢: SCCO; extraction modified with 10% DCM/MeOH(1:2, v/v) at
80°C and 50 MPa for 4 h with CO, flow rate of 2 mL/min.

d: Purity = (oil/extract) x 100

4. 8¢

2 Aol mlAlETe dist f718v FE3 294 o]
Abshebar = A3E el 71§99 5= 43 C
vulgaris®Ii= ©F 4.64%2] o] g-Eo] 31%loH, f718-
) F2of| vlel| o 29 ohlslelA F=0] 79 - v
S5 7 As ER S8l -8t ke
ZA A4 =9 7 29 olilbslekA 2ol vlsl] 2
FE 80 I A ERIE = Qo 18 =
oiR] 18.5% % % &8°] o 21g gR1E = ik &

it
_{
o
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370 $2 0 F 99 SRE 29 1 5
o] #7187 % WHlol vlal o) &2 akS S st

A} A EFERY 2dS FEsh=T
Qo] XA 29 5= 24% R 71 299
A o] Bzt Aow gziEojxint, Bhgh 2 A3 eA
AR Covulgaris 9] 745 2U0] oF 5% o] o,
718l 22 A5 7] Bullell SJal ARskE AlE YA}
ol gallEo] & 1S 7H)7] whtell & &80 £
HHA, 297 74 F22] A5 f718ve 22 @] v
B ] k7] wiitel] A4Sl A5 7t wig- T2kt
T2 mAET ARES el mhet E ago] vk = Sl
o}, AR vlAEFR el e dEEe] Sk 7t e UdEEF
o] A& A Hr} 7} golalr] whzel 0 o] & wiA|
570 wiede] el AY- U w2 FE ags 9 T
& Ao ghEr)
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A A T4719] AR 1 AT (Abet
&7 =7 AR o] A el &) A glor, ol

2 e

WA=

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Chauhan, S. K., S. Gangopadhyay, and N. Singh (2009)
Environmental aspects of biofuels in road transportation.
Environ. Chem. Lett. 7: 289-299.

. Demirbas, A. (2009) Political, economic and environmental

impacts of biofuels: A review. Appl. Energy 86: s108-s117.

. Ma, F. and M. A. Hanna (1999) Biodiesel production: a review.

Bioresour. Technol. 70: 1-15.

. Brennan, L. and P. Owende (2009) Biofuels from microalgae-A

review of technologies for production, processing, and extractions
of biofuels and co-products. Renew. Sust. Energ. Rev. 14: 557-577.

. Jo,B.H.and H.J. Cha (2010) Biodiesel production using

microalgal marine biomass. Kor. Soc. Biotech. Bioeng. J. 25:
109-115.

. Spolaore, P., C. Joannis-Cassan, E. Duran, and A. Isambert (2006)

Commercial applications of microalgae. J. Biosci. Bioeng.
101: 87-96.

. Sharif Hossain, A. B. M. and A. Salleh (2008) Biodiesel fuel

production from algae as renewable energy. Am. J. Biochem.
Biotechnol. 4: 250-254.

. Patil, V., K.-Q. Tran, and H. R. Giselrad (2008) Towards

sustainable production of biofuels from microalgae. Int. J.
Mol. Sci. 9: 1188-1195.

. Bozan, B. and F. Temelli (2003) Extraction of poppy deed oil

using supercritical CO,. J. Food Sci. 68: 422-426.

Salgm, U., O. Déker, and A. Calimli (2006) Extraction of sunflower
oil with supercritical CO: Experiments and modeling. J. of
Supercritical Fluids 38: 326-331.

Mercer, P. and R. E. Armenta (2011) Developments in oil
extraction from microalgae. Eur. J. Lipid Sci. Technol. 113:
539-547.

Han X., L. Cheng, R. Zhang, and J. Bi (2009) Extraction of
safflower seed oil by supercritical CO». J. Food Eng. 92: 370-376.
Macias-Sanchez, M. D., C. M. Serrano, M. R. Rodriguez, and
E. M. de la Ossa (2009) Kinetics of the supercritical fluid
extraction of carotenoids from microalgae with CO, and ethanol
as cosolvent. Chem. Eng. J. 150: 104-113.

Kim, N. Y. Extraction, purification and optimization of the lipid
for biodiesel from Scenedesmus sp. Degree of Master, Kangwon
National University 2010.

Gouveia, L. and A. C. Oliveira (2009) Microalgae as a raw material
for biofuels production. J. Ind. Microbiol. Biotechnol. 36: 269-274.
Liu, Z.-Y., G.-C. Wang, and B.-C. Zhou (2008) Effec of iron on
growth and lipid accumulation in chlorella vulgaris. Bioresour.
Technol. 99: 4717-4722.

Hwang, A.-R., I.-1. Jung, G. B. Lim, and J.-H. Ryu (2009)
Extraction of oil from canola seeds with supercritical carbon
dioxide. Kor. Soc. Biotech. Bioeng. J. 24: 367-376.

Cocero, M. J. and L. Calvo (1996) Supercritical fluid extraction
of sunflower seed oil with CO,-ethanol mixtures. J. Am. Oil
Chem. Soc. 73: 1573-1578.

Diaz-Reinoso, B., A. Moure, H. Dominguez, and J. C. Parajo
(2006) Supercritical CO; extraction and purification of compounds
with antioxidant activity. J. Agric. Food Chem. 54: 2441-2469.
Valderrama, J. O., M. Perrut, and W. Majewski (2003) Extraction
of astaxantine and phycocyanine from microalgae with supercritical
carbon dioxide. J. Chem. Eng. Data 48: 827-830.




<<
  /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


