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Condition of ex situ Bioremediation of Polycyclic Aromatic
Hydrocarbons in Marine Sediments
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AN THEEES: HalrAR 298 AUFAES] YEYHE ¢ bioslurry reactor®: AME-3LY] 98t Zﬂ%ﬁli
ex situ bioremediation= 3 FHA Z7& e 478 HAEAN d5HET E£F cyclodextrin (M-
CD) 5H9 &35 dotn gttt njda/dele] A&l Falde] HFolol daslel M-Ch7}t H7Hg A3+
o] ARALAGA o] ZhEg e PFAEe] BB RalgFrt HEsm M-Ch7h @7k ATl A
gAEHgol SrHEIY. e B EdA M-CDg 87 EF‘Q T HEEHUE W HAEW] g
Hakrae] gl 9-20%2 e o FA 2hdA I AFEAE vl 24-37%% VERSTH H]
9 51**“"”"1 Y 207 HFE Wie o —r‘?fﬂﬂ SJojupA egorom PHRA Az A%
5 739l T M-CD A7} glols 2d% HEdTE obE o gt 288 oz HAE E}QH“E*
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Abstract — Polycyclic aromatic hydrocarbons (PAHs) are a kind of toxic environmental pollutants and has been
accumulated usually in marine sediments. Due to their potential hazardous to human, removal of PAHs from
environments has been great concern. In the present study, the effect of microbial inoculation and the sup-
plementation of mixed form cyclodextrin (M-CD) was assessed in the pre-sterilized or nonsterilized micro-
cosms for optimizing operational conditions for ex situ bioremediation of sediments contaminated by PAHs.
Activity of electron transport system (ETSA) was increased by the addition of M-CD regardless of inoculation
of microorganisms in microcosms without sterilization. The degradation rate of PAHs in sterilized microcosms
was app. 9-20% by the inoculation of single strain and 24-37% by the inoculation of microbial consortium sup-
plemented with 1% M-CD, respectively. The degradation was not observed in microcosms without sterilization under
the same conditions. The proportion of inoculated microorganisms also decreased in nonsterilized microcosms. Sig-
nals of inoculated bacteria were decreased to detection limit after 2 days in the microcosms without M-CD. In con-
clusion, microbial inoculation with appropriate carbon sources and removal of natural flora and grazers are required
for the efficient ex situ bioremediation of sediments contaminated by PAHs in bioslurry reactor.

Keywords: PAHs(CFeHaF< ®F3}<-4), Bioslurry reactor(£2 2] AAEA 3 WHS-7]), Mixed form
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ek €b3lee4 (Polycyclic eromatic hydrocarbons, PAHs)
= V) ol Wit FEE EF 9L E vt
22 dej7 PAHsE F71EY E4d o
] T E)7IE Bk
(Blumer[1976]). P\d (1.7-8.8)x10° & F L] {7} sll%koz &
JHT Y= A2 FAHHH °]F 5-35%7} PAHs ot
(Alan[2005]). d1¥BA ] FU” PLHsE R71E, B3] Fu4ate
TEVE 2 SYEFE b S8E L T (Means ef al.
[1980], Fernandez et al. [1992], S:hlautman & Morgan[1993],
Juhasz & Naidu[2000], Kim et al. |2004]). PAHs= B 7 H&
FEoA F4, W 548 AYn #7] 29% PAHse ol
D& AA ANAZEA I3 E £ ¢ SRR 25d 299
PAHs?] AAE T2 B 2 7t 51 9lth(Juhasz &
Naidu[2000]). ©lol w2} S|YEZE] 29¥ PAHSE AA]
o8t tjokst 7w 9] o] 23 -Folth(Vollmuth & Niessner
[1995], Nam et al. [2001], Guieysse: et al. [2004]).

S-gvele) A9 Asigha) gl W 4lm & 2470

[&]

of Aol Qs At F29l HWAN FAE A8l #7190 = 5
AR7L A FA9E Aet HAme] tRRe) Tae) Ay

3] AV deke] gz A8 U1 wiEe] PAHs &% 9%
7Fs7de] whe- E. Wb PAHsE 2.9€ £4 HA= A 7]
%9] slo] Foalt}. gl B¢ 2AHs AZIE 9% it 3
B9] reactorSe] 752 AT (Ramiswami & Luthy[1997], Potter
et al. [1999], Zeng et al. [2000]). - &7 S PAHsE .4
d =4 HH4E A S 915 £829) bioslurry reactorZ 7|3}
7] 13l Tpeket AR ZAEE HASEY) A3t A7E A

PAHsE 8o 7dellA Salx7} allg- w71 ol v]dE2
PAHs o[-g4o] Algte]o] AR-a7t Jeig EAlIE 7ML glok
(Bardi et al. [2000], Schneider er al. [1996]). o113t ZA1H-& &)
Ap| Sl AHBEAE Hrstar Qo ARSE A B A
£, E= PAHS} v) & (micelle) W=, &= A (sequestration)
o= s 238 Bzt AsEE EAM] vk 2 71E
o) AlHEAAE thA13)] benzene, phenol, PAHs 5 A543 A
&4 F218 gl de nd=g o84S S Al
cyclodextrinAl 3FHE(CDs)e] ©]-4% 1 QtHBardi er al. [2000],
Gao et al. [1998), Lindsey er al. [2003], Schwartz & Bar[1995], Song
et al. [1999]). Sohn ef al. (2004)2 PAHsS] ABE-a] 737 oA
PAHs -3l w4821 Novosphingobium nentaromativorans US6-1 ¥~
9} 2-hydroxypropylk-B-cyclodextrin(3-HPCDYS: X &l& 4% benzo
[a]pyrene(BaP)E BIESE T8} PAH:] F3l8S A & A
25 gsIeh. T B-HPCDS A ke@ A wHlo] de
2 72 0 7 Q15 AA|E biosluny reactorel] AFEEF o= F

27} P} o)of] W} 7 S(2004) B-HPCDS tiA|E & e

B} AH3 E2-8 DIl 1 8 cyclodextringM-CD)e] &3

oz g-HPCDE WA & 52 dAsTt. olel wiek & &
TFollMe AN S 188l B-HPCDE M-CDZE tjA] 313dtt. o]
9} 72 ATl 7|Wksto] 30% slurry FEoA v)AE2] AR
@7 SA T} PAHs A W vEE SR HIE AR
S =4 PAHs TalT2] AF FF, EAvAAES] AR, M-CD
A7t A H 7199 A7E 57 PAHS AA MR 4
& B4

2. K= EJ i

2.1 AL Y ¥ 25 FH|

AYEHEE PAHs 290 A% Fokwre] B4 E(total PAHs
concentration: 12.06+1.89 ppm)= ©o|-£&} 11 asl=E Hrlst
o 30%(v/v) slurry2 TFEQITE AEHE A AEE HAES
ARSSE 2F R "] &2 HAES AR 250 E VRS
o}, w3 4 7EL IRT, M-CD 1%(E)FAEE e g2 3g|opt
yeast extract 0.01%% H7}st A, ¢ho] Aol (NH,),S0.2
KH,PO,2] HENZ N, P(C:N:P=100:10:1}5 F713F AET-2
ok 247t ATE o] #5E ool wet w5t o7t
A & "2, & 7] B Al 7R EY 755 A AFE
Aol A AR FAES 2 AEFE 100 ml baffle Tek~
ol 30% sediment slurry 30 ml &S 37)8le] F0]s19ic}, Bt
AYFE= EZHY sluryS ZekATol| ¥ 121°ColA] 1587 12
dHAst FHIEII

Ao A T N. pentaromativorans US6-1(Shon et al.
[2004]), Kytococccus sedentarius PAHS, Bacillus aquimaris
YSR9°]t}. PAHS, YSRY ¥+ ZoBell A u)jA]ollA, US6-1
= M-CD 1%7} 718 ZoBell AAIR| o)A 197+ Aufokst
ARG HF HE 5T Wt 71 ODw=0.3°] H%
AT T [2004]). 30°ColA PAZIZHO, 2, 4, 6%) HiF
ANEE AFH] AGALAETS) E7459 PAHs 5529 ¥
, AFATY AR 9 TR HskE sl

o o

2.2 MXIHEH &y
ARASA B4 4L Vosjan(1982)2] H-& W3l A4
31k ZF AdTollA 025 mle] A 8F ANF 3] 2 ml microtube
of €oltt ZHz2ES microtube®l] 0.2% Todonitrotetrazolium
chloride (INT) 1 ml& H7}8t 5 3ollA] 3087 §HEA]
Ztk vide] B¢ § X209 0.1 mk: AH7/ISEL 10,000xg2
SEZF Q48 it gaie $ 4SS AAS we
2 1 mi& A7I8t] INT-formazans FE3900), UA] A%
2 A17] 2 58S FHEF] UV-spectrophotometer(at 495 nm)
2 ODE ZF3Iich. AxgA %S ot e WA
21& AHgste] AArstlct. Hgke e INTSE 718 blanks)
2aE 7L killed controle ¢ ETS



skl ARy TSRSk AR

Activity of Electron Transport System(ETSA, pgOy/ml/
hour)=(Ab/15.9)x32/2x(1/Sxt)
S: sample amount, t: incubation time, Ab: absorbance/cm(OD),

15.9: molar absorbance of formazan, 32/2: factor.

2.3 7 PAHs &M

7y A8 ZHF PAHSE £493817] 9130 sediment slurryE
20°CoA BEAZ F 393 FEARANA TS AASRI
FEo] AAE A FE 27 Zol5=3 dichloromethane(DCM) 50 ul
of} Wi%-B-F-E-2 (Intemal standard)Z dg-naphthalene, d,o-phenanthrene,
di-perylene(Sigma Aldrichye 242} 5 pg#le o H7133ih
20 ml®) DCM= A&7} Eo181E flaskell 7}8liL ultrasonic
bath(Branson 8210)°IA1 10:2-7F A3t 3 &9 E sodium sulfate
o] 2ds|Xl GF/F filteroll AAAA HAE dxje} 3o 5
£ ZAeiFic o] A& 10mle] DCMOE 2 HHES)aL 3¢
B DCME AFFA F5 53 (TurboVap®)E ]88k 1ml 52
FEANFC REFEAZ DCM 50 ploll =<1 decafluorobiphenyl
(Sigma Aldrich) 5 pges H7FFE 2 mi 32 autosampier vialo]
&7 F GCMS (Varian CP3800 GC, Varian Saturn 2000 MS)Z ¥
Agich. 24 Table 17} 2t}

2 2
2.4 7F] WE BN
AR e nAE Tk

(Fingerprinting method) & T2 %7} &3 B4 A710]

A 8tH b8 A (T-RFLP: Terminal restriction fragment length

polymorphism) W& o]-8-a10] ZARSIITHLiu er al. [1997]). BH

29 Fo} 64 F AF 1 miE AF8I 1xPBS(pHS.0yS 37}

lo

Bl A EE 53] 4 A7 £ 13,000 rppmold] 587 AR
Zalo] AEAE AABIGITT. AL 2 9o JEEQ) 2P
2

Kuske er al(1998)2] el mtt) PCR A&l 222 &4
humic acid® GENECLEAN® Turbo Kit(Q-BIOgene)2 ©|-&5}]
AABAT. F&3 Ao ZHE 16S DNA 5F 37 U o]
AR primer?] T 71 (33T A [1999])2] Wi el )
2} A8l 2 FAAs 4 GINLE dxlehe AldEs
Haelll(Promega) Sunits ARE-E10] 37°Coll 4471 Tk HI-g-A]

Table 1. Operating conditions of GC/MS
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1 ¥ Haelll Sunits 1 ¥ol 531 243 59k 37} RESAIZ
Hh3o] Bt & AYE DHASHEH(T-RF; terminal restriction
fragment)®] Z7|= AF@7IME FAEA(ED ABI 3100
Automated sequencer, Applied Biosystems Instrument)?} GeneScan 22
Z I (ver. 3.7y o]-g-3p] BAET)

3. 430} 9 &t

3.1 MXHEA &y

AlRte] 4378 B3E IR o= ephle X HQ] ETS 84
TE A9 27 Eu|yEe] dolglE vt A@Tel e &
o] HE 77} ETS A0 B J3E vXA 2%
th. M-CD7} 7k ok AgellA] 24 wllYF - ETS EA=E
= 1.7320.13 pg-Oy/ml/hour, 42 AJOF B 2.12+0.48 ug-O,/ml/hour
Z M-CD7} H7Fe A9 24 v £ 3.40£0.61 pg-Oy/ml/
hour, 4.04+1.68 pg-Oyml/hour(N, P H7}), 44 w1k 5 3.66x
0.11 pug-Oy/ml/hour, 3.45+0.82 pg-Ox/ml/hour(N, P 47110l ]
3 1/2~2/3 59 F2 ks ErkFig 1a).

BEAETY #FE AR & oMz 24 ok &
0.53+0.13 pug-Ox/ml/hour, 44 Wik § 0.42+0.16 pug-Oy/ml/hourZ
WAE ETS @4o] el o]AL A& Bashe g
=39 d¥ow Aladt. 455 HES AE = M-CD U N,
PE A7I8150E uf ETS &40 2 vioF 3= 4.99:0.39 pg-Ox/mlthour,
6.07+1.37 pg-Ox/ml/hour(N, P 717, 42 wiok 3 3.03+0.22 pg-
Oy/ml/hour, 3.73+1.33 pg-O/ml/hour(N, P 742 M-CD |
719%EE A 9> AT ETS @48k 2.13£1.05 pg-0./
ml/hour24 ¥19F), 1.59+0.22 pg-Ox/ml/hour(42 BijoF) Hc} 24|
ol A Vet e wiek ZIzto] At wlet A A
Hloh 2FAYET 5 M-CD8)} N, PE 371st & 28 35
A&e] 29} ETS B/97k0] 7.04+0.44 pug-Ox/ml/hour
& JErISIEHFig. 1b).

22 WPd M-CD
APTelM ETS gtol A 7kt A0% B o
Eu|PE BT M-CDE §4d o2 olgs) 4%
e M-CD7} H7he Ae] AS niEAd

iR
=

Instrument settings

Temperature Program

Injection volume 1pl
Injection technique splitless
Splitter closing time 0.75 min
Injector temperature 300°C
Trap temperature 180°C
Manifold temperature 50°C
Xferline temperature 200°C
Carrier gas He
Column flow 1 m//min

1.5 min at 60°C
4°C/min to 300°C
8.5 min at 300°C

Initial temperature
Increasing rate
Isothermal pause

Column

Material fused silica tubing
Length 30m

Int. Diameter 0.25 mm

Phase Composition Arylene/methyl modified

Film thickness 0.25 pm
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(a) nonsterilized sediinents 02 days

8 [ 4 days

[-;]

ETSA (190,/mé/hour)
N F -

“reatments

(b) sterilized sediments

12 days
8 - 14 days
6
4
2
0

Treatments

Fig. 1. Comparison of ETS activity under various treatment conditions after 2 and 4 days of incubation. 1: Sterilized sea water (SSW)+ US6-
1, 2: SSW+ 3 Strains (US6-1, PAH5, YSR9), 3: SSW, 4: SSW+ Mixed-CD (M-CD)+ US6-1, 5: SSW+ M-CD+ 3 Strains, 6: SSW+ M-CD,
7: SSW+ M-CD+ N/P+ US6-1, 8: SSW+ M-CD+ N/P+ 3 Strains, 9: SSW+ M-CD+ N/P.

o)

T2 ETS &/d@ko] B A7) ETS A%kl nlal 2o #id

Foll SA Hebtot 44 wjg Fole Ak 58 Bt

3.2 PAHs 251

PAHs T3l 24sk7] 18l sy 27]9} 4 Wik 7 dE
A g o3 e H<l 13 PAHs(Naphthalene, 2-
Methylnaphthalene, 1-Methylnaphthalene, Biphenyl, Acenaphthylene,

SR =
o 1=

Acenaphthene, Fluorene, Phenanthrene, Anthracene, Fluoranthene,
Pyrene, Benz[a]anthracene, Chrysene) 35 55 7310 42
o] A7 vlEE BAIBKItHFig. ©). BE AldF Aol =
PAHsS ¥-317F ¢l 222 Yeihid(Fig. 2a). Bod8+2 4
T AFE AT &L dERTE AT 2eES BolX ot
I AFE AT AGTA USe-1HS FEES W 9~20%, &
o A5 AFHE W 24-37%2] EES B3It PAHs #3)
B M-CDE H7I5E Adelln 37kek] o2 APl vis
ES @42 B3lom N, PE 712 H7kshs 212 PAHs 3l
BEE AR EUTHFig. 2b). H- AT #5olA vk 4

il

jul

(a) nonsterilized sediments

120

13 PAHs remaining rate
(%)
D
(=]

Treatments

=

HoF $-2] PAHs ¥3l&- vliwshd € PAHsol vl v/} =
J& fluoranthene, pyrene, benz[a]anthracene, chrysenes2] & -
2} PAHs #3l&o0] =4 Yepsth(Fig. 3). Coates er al.(1997)
San Diegoste] HAEES tifo 2 & d7ollx PAHs 2%
52 BEEAA o] dEe] 2% PAHs w371 3= 4|7 PAHSs
QHEL wE HHEME PAHs Eal7t AYEA| £ Aow
23k Tt ol QT W2 R E] Be EXvAYEE
PAHsll =58 7137} Zo] Eafiso] Ldl 2 5 U Zio]
Qo P 2 AFIME 285w wet 7 PAHsS
=7 A UEbhd 218 v ET PAHsS] HE 713]9] A
ool oJst R oE gztEict,

b dd7e] A9 ETS 0t B 209 a4 date)
FAPSE 270 1 QA TH(Fig. 1) PAHsS) #3182 g WA vehst
U(Fig. 2). Ramadan et al.(1990)2] A7) 2|3}H p-nitrophenol
(PNPY] Esfioll alo] FaliE de] b A2 Adeld= o
A= Al o8l FladF7E ~gEE 2e Baska vk

2 Ao MEF AR F9 HAE ol EAlshe 22

O

Sorle K%

ol

i

©

e e

-

N

(b) sterilized sediments

120
100
80
60
40
20
0

1 2 3 4 5 6 7 8 9

Treatments

Fig. 2. Remaining rates of PAHs in each microcosm after 4 days of incubation. Condition of each microcosm was same with that of Fig. 1.
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Fig. 3. Concentrations of each PAHs in sterilized #5 microcosm before and after 4 days of incubation. Condition of each microcosm was
same with that of Fig. 1. NA: Naphthalene, 2-MeNA: 2-Methylnaphthalene, 1-MeNA: 1-Methylnaphthalene, BI: Biphenyl, AC: Acenaph-
thylene, ACE: Acenaphthene, FL: Fluorene, PH: Phenanthrene, AN: Anthracene, FLR: Fluoranthene, PY: Pyrene, BaA: Benz[a]anthracene,
CH: Chrysene, BbF: Benzo[b]fluoranthene, BKF: Benzo[k]fluoranthene, BeP: Benzo[e]pyrene, BaP: Benzo[a]pyrene, PE: Perylene, IP:
Indeno[1,2,3-cd]pyrene, BPE: Benzo[ghi]perylene, DA: Dibenz[a,h]anthracene.

o) e ] AR W FAR S O R
BaAlEL] 57F PAHs B35 1A 4 9l
3R B3k Zo] e Balgs Bl Ydglo g duiec)

AT PAHs B3l 2 ETS BEE B
o A S7H ETS 8457 2aske 7)ol PAHs #sll7)
28 Ao FGE =t ol AL AF 457} F7EE M-CDE
ol gallA e FH AA o] & Qe Aol 14E thE
PAHsE &3k 298 AXE Zol Yl Aoz AlgHd).
& 520042 B0 M E benzo[a]pyrene®] -3+ Fajin] &2
A%} o] Fof| XWEE A& & = 2127 Rivet er al(1993)2] A
TolM= det njEe] FdaE s Aol 1ad o
% hexadecanesr £3l|$F 2102 HaE it

rlr o
)
N E
o
ofN
S

3.3 2 Wl 2AM
PAHs #3772 A US6-1, PAHS % YSR9 755 PAHSs
29 FHAES HEIRS uf HETAT AR
Ul*@%ﬁﬂr«l FUIAE T-RFLP L ol-§3te] 48180t A
FH Al 45 168 (DNAE ATEA HeelllZ 2542 wf A
& T-RFE US6-19F 226bp, YSR9 75 310bp, PAHS 5=
231bpo|t}. B F AT TN 7FE HEH] & 27] HAE
oA ek 35719 T-RFs7} AE Hort 2He] vl&-2 10% ©]Rt
o Z JEHTHFig. 4A). US@HI’ZUJ gt &) 2714 227bp
9] T-RFE 32%Y Hl&-S BT 7 o] ExmAEe) Ao
o A4S0 (Fig. 4B), £ Aol 718k ggkort Al
55 AEsE g2 2710 227bp= 25%, 310bp= 23%2]
vle-& WYk
M-CDZ #7I3t B2 2] PAHs w5 HEsl 2Y vis
Qg w AETTS HlE-2 27130 vl 43~45%2 FFESIS
w}, Algho] gl wel HE 750 S 18-23%% )
a1 THE Tk T-REsE2] HlEo| Zobd Exn|gEEe] A%
}oﬂgg o} /\ ]iiﬁ}(l:lg 4C). o] E;d—u]/\gg/] _,_XH7]_ @Z

A2 2

P

9] S Agke 5 Qlvks 7H& Rikzlshs dajelnt. &
718 M-CDi= PAHs 3lli5-5ke] ofe} Edn|gg & o
THY ARG EAAT)= A 02 ALZ T Shi er al(1999)
= microcosme®]] nitrate®} toluenes 7 T 73-¢- | AES]
S =471+ 9 toluenette i€ A +AFE2)
A W3scln 8318191 91, Roling er al (2002) SEkrAE
299 B #1999 S Ak AR Adad ol B
Ag TR 72T e ®elgivks RuE g o, & A
T-ofl ARE3 M-CDE B0 2 u|AlEo] B3 B4
THTE G K= ZAoE etk M-CDE J7FHA
92 A3 Fol A= AESH PAHs ¥3lFF2] T-RFs= AEHA
ke, #52 ui‘n—roﬂ daglo] 27] AlEelME vlEol
A4 ?;%%H 552~556bp2 Hole v|E ol 20%
Slfeias 73] S e 71—% %é% T AUSTHFig. 4D). o]+
7] Y% 4 Jzdo) et gAS TR R e Azl Flo] o
W FAE o) A] PAHS

Eam|AES] PAHs &

e r" (th

s

l’

D

:(o

QLo St} M-CD7} H71EX] &
'—1—3H7‘|- E]Oil/]-x] OLOH:-] @1}9} H]ﬂé’}‘u\i

o]

¢

M

HEL w)¢ o v HF g BV YEY HYgog A
ol AT 0 2 A3} PAHSs Tsﬁﬂ ASSA| B3 Aoz AmET),

AP ME AL 270 USe-1dF% 53 A+
X TRFE 97%2] B8-S 2HA181SiCHFig. 4E). TF2
U2 AdFoM= DNAZF FEEA 0}0} AT 4 qslch 2
TAET A HES PAHs 3l
o] Hlgo] njE AP T} Ee] FAEE
PAHs &3ld57F 5E 2 “fﬂ%oﬂ 4] H 2
T-RFs7} A& % =0 o]= PCR % Xﬂ‘{f}ﬁi HhS- THAlCA] &
A ghgo] o3 B e RE FHHC shslrATd B
TA(1999)0] whEH HlEo|A 3732 £ A
e 34 = 4= 9lE chimeric PCR AHE & 7Fs4d0] glom, B4
23k PCRY) 24, At a40) Bebdst whgoe A4E 4% §
o} Bt

M
i
:
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Fig. 4. Profiles of T-RFs in some nonsterilized(A-D) and sterilized(E) sediment microcosms during 6 days of incubation (A: Uninoculated
control at initial phase, B: Inoculated 5y US6-1 only at initial phase, C: Inoculated by US6-1 accompanied with 1% M-CD after 6 days,
D: Inoculated by US6-1 only after 2 clays, E: Inoculated by US6-1 only at initial phase).

olge] ANE & o BHAP TN AT A ©adlo]
A5k A7 tidel fle A ASHoE FA fAHUS
& A 277 BRI ER] B4 SE AUl
TELE F7FSHH] X wRF AP o
PAHs %37} 213 208 Alggr.

a2

4. _9_(_)_'# aj .

|1

=
—

HIEAE ] &2 FAE slurry 4] M-CDY 371 uhet
ETS 845w F7Fsh v Ealitese] AF oo LAIgo]
PAHs®] #8ie #&8 & 3. 1£S M-CD7F 7R ¢
S 2% ETS FHE: WA §A== 3& £ uf M-CD: E

= NE =
A5 ) nlAEe 44H0E 488 A0 AZAY. Ee

T-RFLP o2 s F3E4 213 B v EFu|gES
AEFFY AFAS JdAsts ooz ZAgd 7oz Alg
Hrt, oAl xAAel Eulggo] EA|EHA] o= HuAdET
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