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ABSTRACT

The optimum pH range for biosorption of cobalt by methanotrophic bacteria was
broadened to 6.0~12.0 which was compared to pH 10.5~11.5 of biosorbent-free control
case. Removal efficiency of cobalt by methanotrophic biomass was pH dependent, but
less sensitive than that of control. With 1.0 g biosorbent/L at initial solution pH 6.0,
methanotrophic biomass took up cobalt from aqueous solutions to the extent of 170
mg/g biomass. As a result of scanning electron microscope(SEM) micrographs, cobalt
removal by methanotrophic biomass seemed to be through adsorption on the surface of
methanotrophic biomass and by exopolymer around the biomass. Optimum amount of
methanotrophic biomass for maximum cobalt uptake was 1.0 g/L for initial 400 mg
Co/L at initial pH 6.0. Removal efficiency of cobalt was slightly affected by ionic
strength up to 2.0 M of NaCl and NaNOs;, respectively.
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239 HYdoz & e HED YAHE E acti-
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Aa(PWR)oIH HMALY #7182 9218 A4,
428 A771#, 71E FALLE A1g3te WY
SollA ol ui&Ect YA dALdN Yt
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HodE J1E, ANEAA F A8 /A ARez
FAE0 At g nz WAL B HeA F
Ao B&E FozEy] g8l AN 2A 2 &
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COs*", HCOs™ 53 22 o8 71A] o] EE
EEHo e A7 2 SN wiEEHE
AH #2118 F AA 7B URE AE )
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E, Af, 8229 WAl 32e A WAlE FE9
90~99%°l v¥t Y WAk 4% F AEH 82
T £9 YoM o| 2 ET EAEZ oj2m
ol o3 dFE AAE = UG, AN IYE
o A%E F2 Co¥H Co¥e FAEALE T4 o
Aed B &o te dies 44 e Y
o} QloiA ol mehy o e 99% o] A A
olfch AR Yol §RE MA ILE WA}
5 €99 10~30% o] 0.45 ym YE 2 AH7}
Ve e 2 EXEa v S8 JuE &
Aet7] W&o A2 I E ALY F ol
47 3¢ ANe 257 80.¥ WA A4 o
7189 #AYo2e 4ARE YA AT, 7]
g2 g3, accumulator, refueling canal drains,
A2 Wlg 2 5, WA B A8 v, g g
AES) Wi, G TS vl €Y7 A, b= wlg,
Ag A AE Fol AP A HIlEe F2
Zd9, oleny, AT, 445U 59 AAE
A3 ANER, olABERS, Eejvind #
3 $o e AL AH M, magn Y R
A E ¢ 5o gol o] &= g} dy
2] zHeigh ALG R ZH8e] @A Foz HIede
ol PFAE o] 8t FHLE v e F
Alojct, i} o] 2 n@ FH T &S S
A Ax2A L3 GAEE o] & AAAY
FR) 7t BeA ot welkA ol rkx] ol FA
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Bo] ok, B3], 4x8 daie] A4 s E e
AZL wAivit) alol7t §7) W el srlgs] &
Aol et M2 o8 M3 g Adser & ¥a
7F k.

welA ol enYP S A WA HFEE F
FA17I71 9% AR PHezM YEEFRAY
(biosorption)©] Weo] A= em Ut ® ye
ojv)9] HEFAYL vo] vl A (biomass) & ©l &
sta) FE&olv WA HFEE FX AAste W
HLe 2 19499 Ruchhoft’t B4 «el X & o] &3t
EREFE AAY Aol Azolth” YEFIYL
W F9AE 7 & vl 8o B #H$ 3o
T o] 2EE O FAAMAAN T2 YL
2 dtelelol(bacteria), & (algae), F%o](fungi),
ER(yeast), 2 99 719/7| EALT} 2 dlo] o)
28 AEFAARA ol &&tn Ut} & A7 &
M WAL e dis Hold F3eE 1R A
EFAAE MLk, o9 B d§ 72 dF
B £33l 71E9] oleny FHEAE Aol #
ojutz Bt kA sHA WAlY Mg w&ded A
o, WA dEFonEe HEr YEFIAARE
o €k} 3}t (methanotrophic biomass)©] 2zt A
AR o &9 pHeY 4%, Ho] F35, et
T FYUFe G, oleAxe] F3 Fo W AY
o] &= Yt

2. Mg W AEHUY
2.0, Al U Mz

HEFH Agol A8 ZLE(cobalt) 8%
cobalt chloride hexahydrate(CoClz - 6Hz0, Aldrich
chemical) & 33 ZH50 5 F A4z e
713t pHE 4.02.8 3o stock solution®2
ALg3El T o] B9 e YAREFEA 7] (atomic
absorption spectroscopy, AAS)E HZE3 o
goAmit 4R %S A8ty ARRETh 2 9ol
pH 2 o] &%z =3 -& 84 Sigma Chemical
2] sodium hydroxide(NaOH), hydrochloric acid
(HCD), sodium chloride(NaCl), sodium nitrate

gzl o4 APEL) YEFAL 2165
(NaNO3) & z+zt Arg-3 o),
2.2, ofgtxjstnel 22| W ufY

qd A3 BEY, 17l ¥, Y714 2E=E fEF
K29 EYA Waxsie Felg Alxdd A
2¢ F38 2ot gald e 2
L ZAZ(MultiGenrt, W3) 2uield Higgins
nitrate mineral salt(NMS, Table 1) WA & o] §
o dFgoz WgIAT. MIFemEe 25~30T,
aZyr £ 350~400 rpm, pHE 6.8~7.28 #
Agged, 7139 +F £%E CHs, air, CO7}
zZzy 5~6, 45~50, 4~5 mL/mine & T3l
FFeER dgAade 9d FF2E 3ol F
3] =8]7] el A 7tA] WeRFE EHHe
Z wjgste] FAAdYe e en, g5 WY
¥ 5~6¢ A= AV dF 471 o123 A
EEAA e 159 B WSS £F gz W
FA-& 15,000 rpmefl A 2083t 4 Bl Ee #F
& AAAA 9k wiA HJREE glolr] #Eo
FEde Hala YUY FFEE FHFA G &
A O A EEEe ARG A5Ye
oA WEln AAE FFES 2o, dF EW
9] 7l%71E9 WAL Y] Ad8M $4 dzAF

Table 1. Composition of NMS medium (g/L)

NaNOs3 85
KoS04 1.7
MgS0Os TH:0  0.37
CaClz 2H20 0.07

Phosphate buffer solution KHzPO4 5.3
(10x) NazHPO4 8.6

ZnS04 TH20 0.574
MnSO4 7TH:0  0.446
H3BO; 0.124
NaMoO4 2H:0 0.096
CoClz 6H20 0.096
KI 0.166
CuS0O4 5H:0 0.25

FeSQ4 TH20O 11.2

Add 1 and 5 mL of 1 mM HzSQ4 in 1 L trace metal
and 100 mL iron solution, respectively. Dilute and mix

Salt solution (10X)

Trace metal solution
(1000x)

Iron solution (1000X%)

all the solutions before use.
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o qiy&e degole A7)7t wi¢ F7] Wl
EA4E gart ey £ gz Zeode
Y 28 BHEC] gF2 BHHA mAG
A2 S SH7] Wl GAAEE Bt AHE
A

2.3. B34y 3y

g9 pHel ug AYES] AHF 9 ojetats
o g E35E dol 7] 9359 374 FFSrE
stock solution® 3438t} 50 mg/Le] §4& THE
Ak, oy o]l &A= BFA| ggten, pHE 4.0
o8 @33 i JtaE Bolwe] #&FH e
ojitgtgtAE dal Bulch WA 50 mg/Le] AWE
€4 100 mLY E2t2A 1070] @& ¥ vjgs}
g 1 ¢/IA4 ¥ HCIH NaQHZ pHE 2~12
2 93}, o] Fet23E 30T & BPEAA
200 rpmo2 mubEEA] 24413 HAEAT. 2
F E23 49 29F 40 mL H 3t d4E7]
oA 15,000 rpm, 30% 7} 94 & 45
g AT F AF pHE 33 AASE #4431
t}. Blank 4¥22 HeAdFE ¥4 €3 s
Y3 A¥E 1Yt pHE 2 N HClE NaOH
2 747} 2~1271A %3en, 30C ¥ mrtx
oA 200 rpmo.2 muHEIAA 24A13F B WX 3
At 2 ¥ FAEE fAFvA el o,
A5 HeM AASE A& aUdE] F& F43}
st

FYge ol ¢f e & 2LEY A
AA & g3l7] AsA 50, 100, 200, 300, 400
mg/L2 stock solution®& AZ=% o}d pHE 22t
4.0% 6.028 3. TLEE pH 8.0 |3}
dME AAHA g7 Wi FAAEAME 8.0
Hoh ¥ pH 4.0% 6.0& 7IFSZ2 stock
solution®& A Z&Act, E&xa3d pHE A
Z+z}+9] stock solution® 100 mL¥ B-& ¥ wjgx
7S 77 1 ¢/ ¥ oA E Y& IR
A WAl o, PR 2 A Eel vl A mig
AL AAAZY, 1 F FFH9 pHE 3%
o} AASE BAdiglerd, IddE vesae A
EZol2 A& o, BF UZAAA AxE9H

(scanning electron microscope, SEM)2.2 ¥4
At oA o9 wgRsd 7 2YES AA
T WA vgxiEFd FAH AAR
IFES 47 A4 Fo Foldle TLEY g9
24 Aot

gAizite] £YFel wE 2YEY AAFE
LolR 7] A8 400 mg/Lel stock solution® A
2% oS pHE 4 4.08 6.022 =33,
I ¥ §&239 stock solution® 100 mLY ¥
¥ ey g 47 0.2, 0.5, 1.0, 2.0, 3.0 g/L
4 Yt oA g g R AT g
ob ik 2 QA Eel st FEde pHe ALE ¥
=& 33U

o] 27 g IYES] FXAFE FF3H 9
A £7] pH 5.0, 50 mg/L9 stock solution® Al
Z% o, 100 mLY& &2z zid P2
NaCl# NaNOs:& WolA =& 0.2~2 Moz %
Q. o vgAsdE 1 g/LY ¥ ¥
ARkl A WA 7] g, uhIkRE A4 Ee
¥ 3599 pH ILE ¥ & FA3HL.

2.4, MYy

AR 9 FA AL AR & F 3T &4 2
E3e AYES HF FRE 437 AN
PERKIN-ELMER 3100 AASE AMg-3lsich AMg
" 7F2E air9} acetylene©]?12.¥, wave length
240.7 nm, slit 0.2 nmellAq £4& JP3ict &
& 892 linear range ¥ =9 3ul, 68 % Fx
€ 77 A8t

IYEE Fsr] A, T vexsFe) 2%
Wglel XM e JH-g& s 93
A energy dispersive spectroscopy(EDS, EDAX
international Co. PV 9900)& 3381 & F4}
A& v} (Philips 535M scanning electron
microscope, SEM)& A3ttt AA, AH 2e)
T @3 w249 22YUE eppendorf B ¥
2 A E e o A48T ¥ T 23S
3~43 P = W 4H3] BEEES AASd |
gAlZt, ILEE F4% 59 Ftde JWE
TFE 4 Eelsled 2ol vk dRA L nH s}



7l #8lA 4Cel 3% paraformaldehydest 2.5%
glutaraldehyde® &3tefo} u Y& AEE 443
¢ 9H ¥ o4, 0.1 M phosphate &3 &2
2 3% overnightdd A Ayt ooz 3
£ 2337 AaA F9 1% 0sOs0l 1217 Bt
“4# ¥ . 0.1 M phosphate &3 €922 10
B4 33 AH3gct. A8 £9 & AAS 9
A 2tz 1084 50%, 70%, 80%. 95%<] & &
fdo g@ & g, 1084 33le] A 100% ol
S S99 @9 FA}. e A7 4
814 100% ¥ isoamylacetated] Hl&& Z
Zk2:1,1:1, 1:28 &4 7194 1084 A8E
gd F od, 1084 33 HA 100% iso-
amylacetate &l #H FUct 71 ¥, 80 bar &
=9 ngfelA AA CO& FFE ¥ 31.1C =
2 25 g 22|94 COE 7IAM ARE 2
3t A8 BEHe charge® flo7] $l8iA gold
2 sputtering® th&, A EE FAHAENAH 2R
gFstAct.

3. d3t «{ 1F

3.1. pHoll e oletxieFe RWE &4
RS

ALEE FtRYo)E(carbonate)t vt glE
730l pH 6.5 oldolA Hdol dojutr] Al F3}
o pH7F 10 ©]4de] HH diFE Pl A&
Aol AHE Y g ojFrt. 2BR IYEE &
o) pHell @t OH™ o] &e] FAHEE Co®',
CoOH*, Co(OH)2. Co(OH)3™. Co(OH)s*™ %9
o8 712 YHE B & UkFig. 1). ESelA e
% o]&9 AEE BE MINTEQA2/PRODEFA2
zzaye] Altd o) ILEE pH 8.0 F
A 843] Co(OH): Beje] AHEE s v
E& pHlAME Co(OH)s 4 Co(OH)4 o) Hez
AdE e Aoz vego =8 Ay 28 2
SEE 4 UM o] el 28 EA SR &3 o
2] 7}A] 2tz Agste SOl JHER EAY
F gt aeleg dwrEoe WAL HYFe| o

ez ol¢ adee] 4EEL 2167

100

80 1

60 1

40

20

Distribution of Components (%)

Solution pH

Fig. 1. Chemical equilibrium speciations of
cobalt computed by MINTEQAZ/
PRODEFAZ2.

2] gFE FolM ZLET 717 AAB] odctn
a3 i, mekA] 71@&e] ol enyFAE HAY
e AEE MeYA2A Kuyucak ¥ Voleskys
2279 9% Ascophyllum nodosum®, Brady
¢} Duncan® HXe UFY  Saccharomyces
cerevisiae® YEFAAZ o] 3l ILEE A|A
e ATE FYIAT TP B dFoNE %y
gole] gl vigtAaEg AdA=RE Felg
o YEFHAE ol g3le] IYEE AAsnA 3
At WgREEe e 8§ gdhde o] 83lA
Z3lo] o4 vigehg AAIA dadolt oy
o2 ALgsle vYEE ke, o)A o
< ol &3l ANV A FAl YYEAZ ¥FH
trichloroethylene(TCE)® #& 24 E&H & AA3F}
£ cometabolism® & % ltt 3 axe vz
o] g4 oehg e 2 A2A17]1E methane
monooxygenase(MMO)ghe HA 7t @& 7|2 Kol
23-g zt7] W&o g FAle] cometabolisme &
TCEE #ai% & 37l gEo|tk®? z2lm NMS
Wzeln g2l vEe F49 £ SoA g
o2 F&o] g Aol A, 43 dad
MMOS}t #2 HdbEo] BF % o|2& X§sln
geonz NEHE A URE F45& F338ld
& Polgd F A& 715717 BWol £2Y o2
A8 EA T, #elE vegAtsd e AEy iz &
A& tjako 2 ¥u]EH soluble MMOZ} TCEE #
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HE o AsiAZ geid Feid dqF FAse] #
olw7] W&o YEFHAZ AEsHG?

WA pHel W& F35e] 49 4u Ry A
27 IYE FE 50 meg/LAA 1 g/Le weatst
& FYU A5k £Y3A 2 blank 248 E F
Aol WaslHtH(Fig. 2). 4714 F YEEFHA
£ pHY 43¢ d w1 ¥ pH 990lA WA
HEE F3Y 4 dojof ¥k Blank 48 75,
AYE JAEY 43T pHell vi$ Azkalsl e
F< 99 33 pH HHE dlold A Sl A
HAY LEs} oA £EHA ugith ILE A
AE A H3 pH 9492 10.5~11.58 o ¢ F&
Mol B 98% AVEE YAz AAT ¢
AATH ILEE pH 8.0 33004 A< dojut
7] Alztete] pH 10 o] dellA ti - d8E4e) A
AE FEHE oFAT I, YEFAAZ digs
AEE ¥R E AfolE 3 pHt 6.0~12.022
blank A 8A Az AAL o B} ¢ % Ho
Ax W 98%9 ALEE FANA AAL ¢ U
Arth(Fig. 2). 2822 FAHo| dojvhA] ¥e ¥
pH 99X IYES} faade Fdd &3
Hol AAE ez B 4 302, ¥ pHAME =
YE7 AAY Ao AsEHAY BlankAA g 2
2 IYE AAYL & pH IYolMT A& 7bs
steg WA s Aulde 2geld Hel @
tt. B3 HriElE g o] B A3 pHe
o] s Fooy, Uy ZHAM WeE A7
7] oo} t&o] ILE - <A E A
A8A HEE Aol ste EAFIE 7R 4l
. 2% FHeld YEFAA o 3LE AAE
o2y Abgo] 7Hedta A ZLE AA pHM W
g ZddA {83t 538 wexislgdel A9
v IYE AAE A% 33 pHY 9] 6.0~
12.0°122 34 490 &S WA HdE
Hested A4 Aoz B,

3.2. HYAEolA cief olgtXislr & Y
E9 0 MAS

HEERA € olLnETA g 7R 2 G494
EEAA B 2 35 ol FX5E €A ¥

100

~—-—— 9
80
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40 4 ’
[

20 1

Removal Efficiency of Co (%)

(%]
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[ I SR $ ¥ T T
2 4 6 8 10 12
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Fig. 2. Removal efficiency of cobalt for initial
50 mg/L with 1 g dry biosorbent/L at
various pH valuse: (@) methano-
trophic biomass and (0O) without
biosorbent.

o8B g ofF-g W& pH 99 IYEEF F3
g 5 U E O FEHA F ol AL g YE
Yol FAE £ v FAA XY 2o B
Rt AYL YA ZREV A AE
71 A HF pH 7.0 o34 #ysid e, o
@23 1 g/LE W3 244 0] A Fo ILE
9] AAZT & &of dol e F& vimaA F4]
A cHFig. 3). 271 #9 pH’t 4.03 6.0914
400 mg/Le] ZLEE 1 g/Le] vidAslgoz 3
3 F3s& o #F pHe 3.87 5.69 =934
o ztz} 1577 170 mg Co/g dry biomasse] &
35S Bt =¥ ogxtsd #9e] 77
HY o]&3 Co®* ol o] M2 AYAHez FiH7
gl £7] pH7l RE€4E F&F0 AR E ¢
& UL F, pHI RolALE HY o] g9 7}
F43 Frstez MxEe 71571604 Co?* ol &
< dojuln d4l FAH D2 FaFe] dolxle A
o2 BT $H, dgasge ojdd Apd
Absidia coerulea\t Thraustochitrium sp.B.t}l%
100 o}de] FA%5-g Bk F4ol o8 Kuyu-
cak R Voleskye BZ272 9FY Ascophyllum
nodosurm®& ©] 838l 160 mg/gd A2,
Brady®} Duncan® EX 9 A%< Saccharomyces
cerevisiae® o83 4.7 mg/g& AAsGG 012
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Fig. 3. Maximum uptake of cobalt with 1 g
dry methanotrophic biomass at initial
pH 4.0 (@) and 6.0 (O).

# 2ol Aspergillus niger, Myxococcus xanthus,
Neurospora crassa, Oscillatoria anguistissima,
Pseudomonas halodenitrificans, Rhizopus arrhi-
zus, Spirulina platensis, Ulva lactuca 5% °| &

Table 2. Recent studies for the removal of cobalt

e o awEs] 48E% 2169

& A7z ¢EE v Ari(Table 2). ¥, ALE
of alA w2 AMAFE 712 e g ol
YA Duolite C20E 88 mg Co/g, IRA-400€
30 mg Co/g, 28lx F7|€2 ¥ #7|&H] Wi
ME & F3}%E Holt Calgon A®S 75
mg Co/gel ¥&e& B 2z v|as) Helx g
Age] ILLE Fa5o] vl$- & AL ¢ &
g1gic}, 101

vigaislgol] o TYWE AN A U AR
F&ol ¢ BY AAe) o AUA AxY HE
o g T Fabol o g RAR FHE7] 93l
IYEE F1J3t7] 4 ¥of vaA# g Bolq A
M F AXEv|F oz AU H(Fig. 4.
& F3Ae EHolM EDS 2YEHE B3l of
o 4480 Fd T A= deA £48A
o, 2gdlA Be uis}t o] oExislie ILE
€ F3387] A3 Fo M3 A4 gln AHMER
$AE ¢ 2. ez IYEE JAEE
F3ol oA AAEE ¢ F UK} B3] 9FY
o] wgxzt e Alolol| W& nEA BAEC] e
Ao g Hol vgaAlalie HELZ niAE e
33 o|AY 7% 7180l LE FAo FFe 4
€ 71A = 222 ALREC. EDS #4el 23 of

Method References
Adsorption commercial activated carbons 18
commercial inorganic, organic sorbents & activated carbons 4
Biosorption Myxococcus xanthus & brewery yeast 19
Neurospora crassa 20
Oscillatoria anguistissima 21
Pseudomonas halodenitrificans 22
Rhizopus arrhizus & Aspergillus niger 23
Spirulina platensis 24
Ulva lactuca 25
Chemical reduction with NaBH, 26
Extraction 2.6-bis-left bracket & 5-n-nonylpyrazol-3-yl right bracket pyridine 27
naphthenic acids 28
neat polyurethane & n-tributyl phosphate polyurethane foam 29
Ion exchange H" form cation exchanger 30
Membrane microfiltration hollow-fiber membrane 31

Others conventional municipal wastewater treatment plant 32
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Fig. 4. SEM of methanotrophic biomass: (A)
raw methanotrophs (%10,000) and

(B) methanotrophs exposed to initial
400 mg Co/L at pH 6.0 (x10,000).

 AS FWET B\

g2zl EUT waE aPada ge g9 g
E peak’} B¥HAtHdata not shown), E¥Hdl
ojatH B FolM F& 0|22 & HEE w2z A
A7t & e =(ligand)Vt M EHY 7157 Fo
2 7t Adste A gl A Gram(+) dte)
glol Hxee F8 F4 AHEL disaccharide
N-acetyl glucosamine #-1,4-N-acetyl muramic
acid®] A2 T4¥ peptidoglycanolt}. °] F
N-acetyl glucosamine® F&of g F&%5o] H
ol Aoz g7 1% (chitin)el F8 A&olt},
AEFH 2% Mxye] o] AL teichoic
acid, teichuronic acid, N-acetyl glucosamine &
of ojsiA vehdoim gAY e
gram(—) 2e|gjote] MEH-2 Al He| sandwich
TZ2E 7Y, Fao] JE%E A uEdE AR
#.2& &2 phospholipid, lipopolysaccharide, &%
2 522 FAHA Utk 2em FH JEFE 1|
e S0l EAL F2 lipopolysaccharideo] 2

a4 Uehte Aeg A G agex,
e 2ote YEE HABM polypeptidest carbohy-
drate 59 74 € AM=E9 ZF(surface layers)& 7}
A -7t e, dA 34 ol fHild g
YL e Aoz g Ut 57

3.3. Higkkisld el Felg ¥ oj2dxd o
g IYEQ Eis

pHel @& ILES] AATH Y JeoA a9
gagad & 2EES] Hd A A% ol vigxat
3] 5l e IALE AAFE AvEdc}
482 7] 400 mg/L, pH 4.0} 6.08] ILE §
Aol wjezialEE ztzt 0.2, 0.5, 1.0, 2.0. 3.0
g/LY 54t By deiolr &gl oz 9
APEY AAFE FAMAMFig. 5). Ao 9
3lH 27| pHZ} 4.03 6.0914 A vjaxsd &
PFE 1 g/lol e, e Hd F3Fe Zhzt
169¢} 178 mg Co/g dry biomass& 2t gyt
Hog YERFHAAY FYFo] 718 AAHE
ZF IYEQ & Bol} vt olAE vy &
A9 AFoz YrolA ALY N2 A8

200

160 1

120 A1

-3
(=]

Cobalit Uptake (mg/q)
Y

Final Solution pH

0 1 2 3
Biosorbent Dose (g/L)
Fig. 5. Effects of methanotrophic biomass

dose for 400 mg/L of cobalt at initial
solution pH 4.0 (@) and 6.0 (O).



FZA Y Fo] 7Rt A FHFol e
Aol obd & & 4 Ut} B3] Absidia coeruleatt
Thraustochitrium sp.% &°] 3% ¥& 4E
FZA 9 Atole £l $71Ed el IYE
o F&4go] Frkste AL B9 28y o
@ gg& 27)ee F&7Fo] Fri3ivrt 1 ¢/LE
71EL2 AM3] g, ol V] IYES
Foo Yol B Ao g ArHAY &, ve
AEE F3F0l w71 "W 7] IYLE ¥
400 mg/L, pH 6.0914 1 ¢/L& %4&3 < 178
mg Co/ge) ZLEF AAYE & Act. & =
oM dgzigtd & 3 o/L FU3E AAF| 133
mg Co/g2.2 @ojxtt, ey ojR & |4dsiny
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