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Dong-Ho Kim'?, Byung-Hyuk Kim', J ong-Eun Choi'?, Zion KangS, and Hee-Sik Kim"**

!Sustainable Bioresource Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB),
Dacejeon 305-806, Republic of Korea
’Green Chemistry and Environmental Biotechnology, University of Science and Technology (UST),
Daejeon 303-333, Republic of Korea
3Departmenl of Chemical and Biomolecular Engineering, KAIST, Daejeon 305-701, Republic of Korea

(Received November 10, 2014 / Accepted December 22, 2014)

The wond is in need of sustainable and eco-friendly energy sources such as microalgal biodiesel due to global
warming and fossil fuel shortages. In this study, we compared the effectiveness of liquid fertilizer produced from
swine manure and agriculture grade solid fertilizers as nutrient sources for microalgal biomass production. Mixed
culture (Chlorella spp., Scenedesmus spp., Stigeoclonium spp.; CSS) was cultivated for 28 days in Small Scale
Raceway Pond (SSRP) using various nutrient sources (swine manure liquid fertilizer, agricultural solid fertilizer, and
mixture of these two fertilizers). Biomass and lipid productivity of fertilizer mixture were the highest at 0.8 g/L and
5.8 mg/L/day, respectively. These results indicate that the fertilizer mixture can provide microalgae necessary
nutrient sources for stable biodiesel production and biomass growth. In addition, overall cost of microalgal
cultivation and subsequently biodiesel production would be significantly reduced.
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A= B3N 4 Qov), A8} Egstel 7120 01 aF @
22 A" £ 9= AFHo] QkH(Chisti, 2007; Xue et al.,
2011). o]2&t o] -2 @A A UetolA F, S5, Al
Y FHEL A ZFE 0834 Hiol et AE AP4tst=s A
7t EEe] A= §lrk. Tt FRES o83 A4
< T2 AuAHA o] Fastu, Q1F9 AF RSEAE A
7= 5 o7 BZES ¢t QIth(Chisti, 2007; Mandal and
Mallick, 2009; Pittman et al., 2011). ¥HH B|H|ZF-E o] &3t
AEA 2 A A T= Aol G T4 gon, HHT vlo]
QA AYAEFo] FAES o] 85 A4l o vlgf ke AR
o] Q1tH(Chisti, 2007; Mandal and Mallick, 2009; Pittman et al.,
2011). E3L Hio] @ A-E A4kl ¢ FARES 715 Al R Y
3FE YR, vlo]le ETAE SO o8 5= §lo] H2 g



314 Kim et al.

L FES w31 Qlth(Aaronson and Dubinsky, 1982; Spolaore
et al., 2006). THH, mN|272] AL FAT} CO,, & #TF o}
Y}, A2, Q1 59 ol §SER7E B astE R, nh2R uj
Al B 27 wfgHo] ol gt FYAFE A7 FoloF gt
(Yun et al., 1997). o]t H7}== FEEF= Hiol oA o A
Ardztell AHAR FEFS v BE, 7HHo] A3 JFEF
E4E A/IRITY, 2R FErtE RE 4 S Aot
olHgt o] {E FTol= BHBFE TRE H5E ARES] v
M2F Wigd7HE Eole A7 28] Y=L itk (Kang
et al., 2012, 2013). H5E FYULE o] §3ITtH, u| =7 vl
F7t A Aot e HEE AA &aAE 7| = AU Aol
th(Pittman et al., 2011; Kang er al., 2012). 2L} §-UE+= 1
e MY B2 24o] HIE| B R 2R sjefH o2 o]g5}
L g o]#|-2o| oh(Lam and Lee, 2012).

T o N2 R7E wehe AR S9)u oAl A8 (Raceway
Pond)¥} FAYEHHS7](Photobioreactor, PBR) 52 HF4]o] Q)
oh QA 2] FAAEEHL 7o vl A2|8|-8 Ty
o] A £, P LR A7 T golsty| wizef ulAz
FE digo 2 v o §-2]8k "o| UrkH(Rodolfi et al., 2009;
Shen et al., 2009). 2718]-8-0] AT w27 viF Al 2ES
ol gatrhel nl A2 WiAkEr e B8 W 4 218 Aolth

olo] 2 AAu| R} Bahi R Bl AHEE vas
K, A4 AANO-N), FHUH AANHN), 7874 <)
5 ofal JYARE TR Utk olelT BB A ulzo} 2
HHRE T FHE HEE Fo) et FUEF HES =
At #7t 7H GRS o= AR 4T 4 9l Aot
(Choi et al., 2014).

2 dFolAM= vARFE diF vigshy] A3 dYdeR
=& AA M 2o FYE BEFHRE ANt Hlol ot A4k
< A vM 27O AES v Lkt T8l u)A|2F H)
Fre AT LA LA A= BREE BRFE
A3 ARgsto] o FA| AR o A viFSLGITE. o] & F3f Biol
eod S A3 2R FFELE H5Y 28 71t
u|H| 27 vho] @uf A YAteE 18 H 2} gt

Mz I
S| HHQF AJAH

st o] WRaet EE AAH| 2 (Swine manure
liquid fertilizer, LF), Y8 E3M|Z(Agricultural solid
fertilizer, SF)E ©]-&3 v|A| 27 v 517] Yol /1 HE <
v FA|AE O] UE2] SSRP A]AE](Small Scale Raceway Pond,
SSRP)Z 412]3t9ich. SSRPS] Z0o]= oF 30 cm, € 70 Lojai,
paddle wheel-& ©]-85}F] 845 30 cm/secZ A3} &Z7]=
air pump2} diffuserS ©]-€35+59.2 (0.1 vvm), 1%2] COE A
FFotsich. Algol ALgat Wil e: bl sleF R A elolA 2
5 A AN RS A4St BUL BB o
gelgon] AR7I7H 52 B YRATHE 7417 3080]%ic,
AAFUE U B PR 2900 T WA BIAFAT,

287 BEA 02 AL £ SSRPE Tl SlF e
olH d@ stk

OM=R #3F

£ ARoA = 4 sk A Ui Yol e =
3t B2} n) N3 CSS mixed culture (Chlorella spp., Scenedesmus
Spp., Stigeoclonium spp. 5 UM ZF 3F0] A3} Q= +
ZNE o] &3}o] HjoFstAtH(Kang et al., 2012, 2013).

guas

A AFEE =1 A vlRE AAAEE shet FHEH ¢
Eojo X3 e 5E AT aAE oA 2 371 &
o} =E-S of-&stth AAHE shesd AdedsdAlE
Mg 7oA 1 EE F uilE HAERE 3HshE SA
g glo] YHETEE ol st 1P R WA JEE E2st,
A4 B E pBES o] 85te] A vg 9 EH|E Ast
e, &= <47+ 30,000 ton (100 ton/day) 2] HA|E xS AT
sto] E& AA U RS BABEL vt HA| HlR o] 3 A2
TN 1,954 ppm, TP 144 ppm 2.2 81| % Tth(Choi ef al., 2014).
E3| 7= A< v])&E(Calcium nitrate, Hydro, Norway)2}
484 <QlAHH| E (Hi foliar plus, Haifa chemicals, Israel)S &%}
sto] ARgSETE =8 AAH|RE 0|83 v 2F g2 LF
1%2 A71ei59on, 598 EHEE o83t nlA| 25 |
9F& TN 120 ppm, TP 10 ppm 2.2 A5} 11, LFQ} SFo] &
$H-2 LF 500 ppm, TN 120 ppm, TP 10 ppm 2.2 A5}t

nMER 4% &3

£ AN = E& A RS 5H-8 S EE ARt
3717 wirole A|zat 2 vkl ulH xRS A A
FF BEL-a, AATF 55 S5t Hlwstgh nAzR
AZZF72 SSRP HiFA 10 mlS 0.45 um oI x]of] AE &
105 C oA 24417 9k Az 5o SR FEd-al 90%
O E O 2 &35} 750 nm, 664 nm, 647 nm, 630 nm 2] T}
© 2 2515 cHAPHA, 1998).
A= 2-a0] AR The} 2t
={11.85 x (664 nm - 750 nm) - 1.54 x (647 nm - 750 nm) -
0.08 % (630 nm - 750 nm)} X acetone volume + sample volume

Lipid & 2t

nM|EFe) M2 W X5t Bligh & Dyer®] BPHS HEgeH
Hoz BAsIyTh u|a|RF A& Chloroform : methanol (2:1
viv)yE gol] wHt &, 252 2715}0] chloroform : methanol : water
9] ul&o] 1:1:0.97} A &35} Ea)= chloroform 22 AXRA]
A A ASRE 2451 chBligh and Dyer, 1959; Lee et al., 2010).




FAME 2AdudhH

A WPAF g of AE|(Fatty acid methyl esters, FAME) 4
FA4E 9]} Gas Chromatograph (Shimadzu GC-2010, Japan)S
Bt B4k vlAIRF AR 50 mgt 1 ml¢] KOH-CH;OH
£ test tubeo]] 75 C o]l A 108, 5% HCl=Z} methanol-& do] 75C
oA 1027 ¥H-3-A1F . 1 F, hexane} (CH3);COCH3< 4
T3AIZ & S/, 37ste] FAMEZ} 2314 3-8 225H3
t}. AYARS GC-FID (GC-2010, Shimadzu, Japan)E £3}¢]
B X514 ) GC detector= flame ionized detector (FID)S A&
519921 Rix-wax capillary column (30 m x0.25 mmx 0.25 ym)
(RESTEK, USA)& AME3}FSITh Injector?} detector= 300C 2
AAsFA.0m, column LEE 170C 2 12 3, 5C/mine] &%
2255 28 250C oA 128 52 FA8M 1, F BEAA%E
22980 2 A5 tH(Kang et al., 2013).

oA

R

n|A| 257 e vlo] o)A AL A, A2 Bl ofH]-8-2 v}
ol o TR AN G F BE B1&-S AHNTTHYun ef al, 1997).
wjeba] slol2cid AHELE Fol7] INE Bt Aorel
o4l AFgt A ED 0] Q% H(Choi ez al., 2014), JAZZ =
|48 ARS8l A7 AdYE o] YtH(Craggs et al., 1997; Wilkie
and Mulbry, 2002). T2jup Bt Wuloh 7] 52] ke gol
o} AR F¥sFol ol Hrh= BRo] St} whakA & At
A o2t BRE Bastual ER HAH| RS} 5Y-8 S5
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Fig. 1. Temperature in Daejeon for operation period. Open square;
maximum temperature, closed circle; average temperature, open
triangle; minimum temperature.

N w
(&) o
T 1

N
o

-
o

Quantity of solar radiation (MJ/m?)
o o

o

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time (Days)

Fig. 2. quantity of solar radiation in Daejeon for operation period.

FEYe w2 NIRRT o 315

FE AN B8 AAu Rl P4 B3R Aokl
o] K3t n|A|ZFoA g HA F¥del F 7Fsdel AUt
HAHRE o] &3 nAZF Wi BEFH|RE o]&3l nAz
5 aell A AAES v o 24, vlo] e o)A AAkS 913t 1|
A|z5 Jokgdoz 838 7HsAlS BIs| Ryt

B Aol A& SSRP= Ak UA R oA At
Fom, 20141 39 22U R E 4Y 19U7HA] IHP=E ek AFH7
7+ 5o A FGA o B2 5.7C-175C R, FHar|e
0C-13.7C, #7122 12.1°C-25.7C FrhFig. 1). T3},
ko 7)7ko] g YRR 3.76 MI/m™—26.9 MJjm’ 0| QitHFig. 2).

flo

N

S0l w2 DJM=F Ho|R0HA AHAt

2 AFolAe A st g R oA e &
3 B2 o] 25 CSS mixed cultureS A e)5}e] L2Jujoke] o]
23l om, A 7])7HE CSS mixed culture?] £RA1S THE3H
3} Fo] Hol} oA L FIHoR SAHE AL ol
SHATHAR HAAD. vlA|l2RF S 91 FFdF= =2 9
AH 2, =2 AQA8| 2o} Egtn] g o] 23, B3R E 0|85t
At OET AFES 2457 ekl AEEFDCW, Dry
Cell Weight)Z} GE4-a5 2897 A5 tHFigs. 3 and 4). Hj
oF B2 AHe) ARFFE AR ART, B AAT, Bt
H) & AFTo|A 22023 + 0. 18 g/L, 0.8 + 0.02 g/L, 0.75 +
0.02 glLo2 g]IE|glon o]F &3t A7t 7H =3dvh 2
250 PBAaE AR AT, EF 8T, Belr 48T
ol ZF2F 1516 + 150 pg/L, 6389 + 200 pg/L, 5497 + 200 pg/L
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Fig. 3. Dry cell weight. Closed square; liquid fertilizer, open triangle;
liquid and solid fertilizer mixture, closed circle; solid fertilizer.
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Fig. 4. Chlorophyll-a. Closed square; liquid fertilizer, open triangle;
liquid and solid fertilizer mixture, closed circle; solid fertilizer.
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02 SR AT 7Y =2 ATE RSt =& HAH|
F AFA 9] vio] @uij A AAto] 7 BHA| UebgtEd], o=
=5 AR ER-9 M=o =S 7R §lojA mA2F
7 FEA sh=tl a7 22 2P HE ol =& AAH|
BE 5% 3% 34T iAoMA= FFEZS] B FHEIT
T 2R Aol AL dojubA] §igt7] wiEo|thAtR H]A|
A 8L AEL 25771 FHEE st 248U =4
2, 48209 = ST 2N FEAAS =0 Hhol o)
25FS A 0 & gl bl {83 AR N, 89
o] #2553 FUANE 47t ks RS H|RTKGitelson,
1992). o] Z2TE F3f AAH| RO R v 2FE viFHS o
o} B3R 2 nNRRE g o, o] @A Aabgo] ¢
5 F7RITE AME Eelstsnt. B R AN EE oF
FAFE o AAEE WY o F71E4 il uA2R A%
N =T FEALE F5HT

E2} 33} u|A|Z5F CSS mixed culture?] &3S 2R,
=2 Chlorella vulgaris®} Scenedesmus obliquus7} -3l )
= Ao 2 FIEth(Kang et al, 2012, 2013). C. vulgaris=
o2 Chlorella ZR T JALEE 71 w2 1 1% 5 9] o] AkslElA
of gk Aol 73t olitsteta Aol fet AR
&4 A thJeong et al., 2003). 12|31 C. vulgaris®} S. obliquus
= 5714 o5 el s hmyolol djgk wAde] S5,
H4= el ghryobyd AA(NH:-N), Z4Hd A4(NOs-N), ¢l
=2 =90 {87 AAZL H1E K Gonzalez et al.,
1997). &3, S. obliquus= Q¥4 W9 otd, 7t=g3 22
Fa42 AAsH: doz o&2 7ol Ath(Cain et al,
1980). Alt}7} C. vulgaris®} S. obliquus= BA&EE7) w211
A|AgeFo] ot Hiol et Ak Ao o] &E I Q= FE
0]7] &= 3}th(Scragg et al., 2003; Mandal and Mallick, 2009). £
Aol AHE-E CSS mixed culture= T Fof H]3) =2 4%
£-2 HQItHChoi et al., 2014). 18]I CSSE 9]5.9] A4}
o] gt 2J-g-o] 4=5to] LQufFA| A=) of uljkstr] A7t
tH(Choi et al., 2014). AATHE YA nPESC] B To=2
EAst= A= 9] B8, FH Ao F-8dt= thE v
BT F22gs ndE S o] R dopitt olnf &3
u|BE9| vio] Lol A ARk 3 9] /Ao A fA "L
ByET glom, o]ggt AARS “transgressive overyielding” o]
koL S Weis et al., 2008). 3L, E3 | 2F 23] SollA 7
Eoh= v g ok vlA| 279 - (flocculation) & =381 1
HZRFH LS 8L = 7154 0] Ath(Lee et al., 2013).

DIMZR HiO|ROHA LS| X|E2tkat FAME

A T2 A 4 ARE AF8H mAlzF W 223
FE ST A0 =2 dAvE AT 20.1%, EF AT
20.3%, HH|E A@T 21.1% 2 A= 24 A2 A
AAFE A Bt 202 GFL Aol7h AT 2
FEFS FA ge AeE FUE. o vNER=
Aozt 128 Ay 52 9459 4 59 2EF L A
A AZ W AESHE S7H7IE AR EEFth(Takagi e

al., 2006; Li et al., 2008; Mandal and Mallick, 2009). 12|22
U 2FE wiste] Hol e mjAskE S85] F7HAZ] o &
47} 12 ol B2 AE AN UF AL A
W HER AL B8 e 4 Aok F2E vole
A S 98 AIERE AN o A Akl £ 58
Aejghe vol 2.0 Aol o $213 Aolth(Choi et a,
2014). BHZ5E Fol vfet Aol s, Aoz
AzZ F 23] 20-50% 4232 A2 I FTHChisti,
2007). x5 F AATHF] 50% ol Fo2 G FEE B
HEI YA THed] A DT Frhal sjA Hiole o) A
Ak 28t A2 ofYt(Choi et al., 2014). Botryococcus
brauniiv= 725 3 AZAEF0] 70% oF o2 | &zko] f
<+ AT, AAEET} o LA Hlole ol AR EL =
Z| ko A o 7 A& F tH(Mandal and Mallick, 2009). H}o] 2T
o] 5EH AALE PleAl XAl e FEE sl
£ AR 25T A2 AAo] £& FHE AUshE Aol
o$- FR8hch 2] A HAE FolA] A Fatty acid)L o}
oleTAR WekE 4 gl HEOE A B2 AP RS
AAsto] A4S FAMES.2 H8s}o] A4t 2418 Bafa)
Fth(Kumar Tiwari et al., 2007)(Fig. 5). B|A|ZF2] R|AF =
e BAFE A3}, 2 Palmitate (Cig0), Linoleate (Cis2), —L
)31 Linolenate (Cis.3) 2.2 FAE AL 321514 Tl Palmitate
(Ci60), stearate (Cis.0), oleate (Cis.1), linoleate (Cis:2), linolenate
(Cis3) & A4ARE vlol 2t Wgst=d] YA A&
o2, o3t AHHite] Bo| TiE A AL Hiol et A AAto|
2]}t Canakci and van Gerpen, 2001; He et al., 2007; Halim
et al., 2011). Q¥+ O 2 Chiorella spp.2] A|*AF 2A-L Cieo,
Cis, C15:3°] WL, Scenedesmus obliquus 2] A|HAF ZAL Cieo,
Ciso7} JEEL 2751 Aoz o Hth(Knothe, 2011). 1
2|3 FFAY FTHO T2 A 2Aol= E ol e A

o2 epie.

100%

90% -

80%
—_
X
= 7%
i B Others
'Fg 60% - BLinolsnate (C18:303)
g— Linolsats (C18:2n6c)
8 50% 1 B Olsats (C18:1n8c)
g 40% 1 @ Palmitoleate (C16:1)
< @ Palmitats (C16:0)
W 30%

20% -

10% A

0%

SF SF+LF LF
Fig. 5. FAME contents. Fatty acid percentages of total fatty acid.
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OJMI=F HiQeHO| S=ZIRAM

MRS PSR C,H, 0 59 gt bk Nu P
ol g817] wlo] vjoFol v N} Pe] Zaske BHlste] alA|
z5o] AAES EH02 ISR 4 k. TESe) A
4o} ol 2u]%S AY AARE E2AIA o|E oz
Z73lHth(Fig. 6). =3 A3 9] total nitrogen< 120 ppm 5=
FH 229 ol 10 ppm $E0 2 a5, HelR A
= BghR AT fA AL Uehisit. Bgue
A9 total nitrogen= 120 ppm =Z0]| 4] 224 Ttof 10 ppm
FEOE AsHEth a2y B HAHIE AETY total
nitrogen< 40 ppmoj| A 16¥ 7ol 10 ppm +F2 2 3123}
th $tH &3 A3 79 total phosphorusE= 10 ppm $5F0]| 4] 28
o Tl 0 ppm EL 2 sttt B3R AETY total
phosphorus® 10 ppm &0 4 28 THo]l 0 ppm $~F0.2 7}
Aot =8 AAH|R AFT19 total phosphorus= Ag =
715 Aol BEEA ook AHHI R AR ol HRe A gl
= AL 2 I ol vMZFE widste dl BT &
22 283 4= §lrh

Ao FRole FAENO;), oFEAIENOY), FAb
(HNO3), F=H(NH,"), GRUOHNHs), A2 7kAN2) Fol 3
ot OFoA dEEelY fgEYol T2 dEUoHd dAa
(NH3-N)&} 24bed, obalatg, A4 52 24 AANO0s-N)+=
&S] o857 FEl 3 Fej e Aaetar A FHHChoi et
al., 2014). 53] gEUoly Ai= A oKt Golgt 3
gloj n|gEoAE 71t Fash Aadoleta & 4= ok ot
ZA BgEE dRU o AAE AA o83 & i da
£ o|&sH Hed, ol dRUYolt A4k A (nitrate

TN (ppm)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

TP (ppm)

L
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time (Days)

Fig. 6. Total nitrogen (upper one) and total phosphorous (lower one)
of culture medium. Closed square; liquid fertilizer experimental

group, open triangle; liquid and solid fertilizer mixture experimental
group, closed circle; solid fertilizer experimental group.
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reductase) @] AL AA|5H7] R o2 g3 A UTH(Syrett and
Morris, 1963). B8 Sj|u] 2t thitst ol Ao 74
Elojgon, o B e ghae 24 Aoz FAE ol
oIt} web ER o ast FAe Bahun oMz
Aol o $eleltin weke 4= 9ok Jel rEy ok 1
oA 238 uAE SR Zgaty] R A 7He
3=0)) 34|17} QTHChoi ef al., 2014). 73] 1 8 gu| =
E7Y M=ot g wjEof F TS At ol s
=2 AMgaly] otk Tet 58 BehRs Ao} g
7t 7] glol B o] $4okn MR £ 4 7] 1)
2ol A 7hs S H7E =8 dARREY T Yres A
o] St} E3h & AAH| R A0 919 Hlgo] i tE2A
AL A0t 919 H]E 20| ofHAT, EFH|RE dR
of Wil &g 2Aele] W} 2le] wlE 2] drhe
A= Sl

2 dFoAe =2 dAHEY 588 BT RE o &7
o) o] m)A| 25 A S vl wste] &2 Q1 |27 7|4 vlo]
2o B4 73S FAEH T i AR EHRE
Zsto] AREE A =8 AA RS} EFH|RE AMSRS
s} vo] 2uls Aol B 4tk Ao SelFYrh ol
=& AAH = Yo o] 7HR] njgE o] nAlR 77 A et=
g € 23} trace elementZ 2H-g-517| 2o 2 Hot=Ech 18y}
ZF A 2 S A 2400 &)zt §lsih 1
AZFolA TR L) ol7h 212 Ak A4k A
Aol 2 J3Fg 37 ohe 02 e 121 vk
9o} 240} $1 ZAete] AR} kR Bot A
9} Q& &H|Th= AL ST == AAu| R = 2 A&
o) A2] gl 202 UBREA, et ale] g 2T 4 Q=
B 27t E7 HAM 2R u)A| 25 vl o {23 AL
2 getE vpo] ot Als AAtetr] gt niNzR sk &
& EFHRE o 8eH nN R FFH R JYEHE
& BFU 4 AT, TR FYELY FE A 2T 5 9)
o, 3, B3RS olge S AEE F1Ee] sl
£ AT Y dS SAT = olA o BEFHRL |
HZF oAl 8o S48 2 98 Ao weksct,

H 9

23 Ao dskRA AR Y BEEAZ 915 A
Sjo] 1 AFAHS U2 R ] vfol o.r] o] FEun 9]
o 2 AFoNE & AN RS 5Y-8 BH|RTL Hlol 2
A AR A mNIRF YdeR €84 7S gl
Hakth &3} N &7 CSS (Chlorella spp., Scenedesmus spp.,
Stigeoclonium spp.) B 93t SUL =5 AAu|g, =&
A 2} UG EAH R EF, 5UE& BH|RoIH, 28
217} Small Scale Raceway Pond (SSRP)oj|A] 2-2]uljokst3i Tt
3 A% BY AuTe velenast AW AL 242t
0.8¢g/L, 5.8 mg/L/dayE 7} 953} vfo] @ uj AeFa} 2] 2] AL
A& BRI} o] AFE 53l 59§ v RS =& A4
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vlol 2T A7 HE g s sl
LAtel

B A3E njdgzaen F2d A oA A Hio]
QuflA el www.biomass.re.kr) (ABC-2011-0031351), 20124
T ARISARIAR ] AYoz FHtol| L ]7| &% 7HI(KETEP)
(No0.2012T100201665)3}  $+-483-5H4 -9 (www.kribb.re.kr)
o] 7| BFAIY Q] A7) A Yo Y Syt
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