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Reduction of Perchlorate and Nitrate by Citrobacter Amalonaticus Strain JB101: Kinetics and
the Applicability of MBR

Jae-Wha Hong - Myung-Su Jang - II-Su Lee - Jae-Ho Bae'

School of Environmental and Civil Engineering, Inha University

ABSTRACT : This study was performed to evaluate the characteristics of the competition between two electron acceptors, perchlorate and
nitrate, with Citrobacter amalonaticus strain JB101. In addition, the applicability of membrane bioreactor (MBR) for perchlorate removal was -
evaluated. The maximum growth rate of strain JB101 on perchlorate and nitrate are 0.27 and 0.58 hr’, and maximum substrate utilization
rates were 35.1 mg ClO4/g protein-day and 45.6 mg NOs/g protein-day, respectively. Nitratc was a competitive inhibitor for perchlorate, and
strain JB101 prefer nitrate to perchlorate as electron acceptor. Complete removal of perchlorate could be achieved up to the surface loading
rate of 4.6 g ClOs/m’-day with the MBR fed with 20 mg ClO./L(HCMBR). When 5 mg/L of nitrate was added to the same influent,
perchlorate removal efficiency decreased to 96.5%, while nitrate was completely removed. For the MBR fed with 0.7 mg/L. of perchlorate
(LCMBR), the maximum perchlorate removal efficiency was 100% up to the loading rate of 023 g ClOs/m’-day. Membrane fouling was
found to be a problem at high loading rate for both MBRs. The acetate consumption ratio per perchlorate was 13.7~51.7 € eq./e” eq. in
LCMBR, while the value was 2.5~3.6 ¢ eq./e eq. in HCMBR. This difference could be related to the acetate consumption with oxygen as
electron acceptor. Therefore, the amount of acetate addition must be determined considering the concentrations of other electron acceptors
in the influent.
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Citrobacter Amalongticus Strain JB1014]] €13 F@iAdz ANA g 1299

2 - 858 AUl ALgEe} ot Hode B8 89
€ 5% AYE 47HT Y0 FG2AAL nAEo] 9
8 ClOs — Cl0y — Cl0; — CI + 0,9 A=E AA &
451, £ AT dAl= FP2AY0) gaNgez 39y
© Aotk 3 A AEY oA 5o gl olgaNg
9 FLSEE FILNFNN GANPerg fP&ERT
ok 10008 A& wavty Rusgo?

F9 2419 29 w4 E(perchlorate-reducing bacteria: PRB)
< 994 #148 vAEEA 0,9 ANEE AAFEAR
AEE AT AAFAA2E HHERY, Nee Y o
R yeast extract, cheese wheyg) T HERT olujg} Fe(I)
4 K9 A& 7HeAE S8 WAzt B3 PRB
+ Vibrio dechloraticans Cuznesove B-1168, Wolinella succi-
nogenes HAP-1, isolates GR-1, perclace, CKB,(’) Ideonella
dechloratans” Zo] Q).

WHE2 PRBE 249E& FPL3980 $AF02 A}
g3te sloz gEA Yt oMEAdL 8 BAHNA
AATFEAZ RY2AEE o] &= B¢ EEARIAYA
(MG’ =-966 kJ/mol acetate)= 2@ ALAG =792 K/
mol acetate)= B2 A9 AL(AG’=-844 ki/mol acetate)”
urh 3 a8y BREe PRBE F9289e 492
o8 FUsE FPANT UAS Ysdez B
90 I3 AIA(AG’ =-801 ki/mol acetate):= A2 §
A9 A9 FAA ek et o) fAR A 4
HAE e ¥R PRBE ANYH Hdsnd B
ol BYY BLE oS3, VAL AEPThn nay
ﬂt:}_n“”)

BERN HG2G AP FY A7A g AT
S Kim# Logan”& EBCT(empty bed contact time)7}
Z7b 318 9 9089 2d % YYBAY 33 HLEA
50 mg/Le) FA2NGL BT AANGR. oA B2
4 molF ol EAIGQ AFFHEL 49 mololgdtl Wallace
57 1500 2 500 mglle) FP2NA S T A5E
FZE 24 wgzol 4ERZ 9% 79 2% HRT 117
9 046 hrolq AALLS 95% olaelgitn Haralglth
Logan} LaPoint% glass bead AW zo] A2
E H9 °]&7hsd e FESILH, 249 &A44 Fg9a
FEe 84 &27 A4FE Busgr

 d7edMe A 47 SeEeNEd TxERE &
2l 8t Citrobacter amalonaticus strain JB101& ©]-&5t
S$A2RE} ARgol BA AT @ F AR 584
J B B4¢ qetsy) AR ARG 9 A% A@e ¢
FatArt =3 FPA09 A=) MBR(membrane bioreac-
to)o] ALY & wolsly) Y8t Rahd A" 58 A
FEAZ A&E 0,9 4TS 1T AAZAA Y F4
e Sosigt
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2.1. C. amalonaticus strain JB1012| ME51H EM

C. amalonaticus strain JB1019) 42 Nirmala and Bae'®
of o9&} Risle] itk Strain JB101-2 Zo] 1.0~2.5 pme)
25N IF {4 FFeR 16S 1DNA g7 AEF=xY
99.8% o)) Citrobacter amalonaticus® QX3tE Tt thE A
21 PRBQ! Dechloromonas = Dechlorosoma~= Proteobac-
teria®) B-subclassol] &3t strain JB101-L y-classol] &
3tk Strain JB1012 @714 A7 3714 ZA0M Sd3A
FEL BEE OF 0] &3 oMHMENEE A F e
o, F92NE S FEEH 0,2 A BIANALH, F
A pH ¥ 25 Z7 pH 6.0~8.5 2 25Tk

CH:;COOH + ClO4y — 2CO, + CI' + 2H,0 - (1)

CHi;COOH + 8/5NO3 —
8/5HCO;” + 2/5CO; + 4/5N; + 5/6H,0 @)

9 Ao s FPas 2 AN P I =d BoF
SJE2HY oHEANYY ¢ A4 B HE 1 F 58, X
FAME § ARAZAA 2F 0.60]th

=298 348 4357 959 3719 CSTR(continuous
stirred tank reactor)2 35°ColAl 2z HRT 2, 2.5, 3 hr2
LAt AL AAFZAH QL oAELAEE 200 mg/L, &
A5G H9L2E 2 BPG FES 7 100 mglLR
ZAsle ARAFEAT 47 AP} HEE stk &
J4E MS-1 medivm®e AtgaGom, AP7HEA N,
TF2E A% FQIske] Adhol] AT oAEAEY ARE A
st

Fazdet 2399 Zgaee D 3R 2P 1,000
Cl04 mg/LollA] W]l &9 pure culture(7] ODego: 0.54) &
A 5 mLE MS-1 medium 100 mL7F S¢J9l= serum bottle
o Fqleted £ stk FEANEH BAG 27 BEE
EE 100 mg/LE BUsgon, oAENGE Adxaas
A0E S G438 BAATI7) J&) 2aF FRT B2 400
mg/LE FYaAch FH2AgH Aage] BF AALD %
% 339 dA FF249, 449 2 JAENITE AFY
glo] o) AAFLAEY AA £EE vlAE BE 3§
B4 Age @74 AEHE gAs dstd N, 7kAag 2]
NZ 35T W7l 150 pmoE EFAIWAN 53
A= s

Agand A%G) 2490 9 954 49 5F
8 L/day, HRT 3 hrg] CSTRS ]85} Phase I, I % I
TR $86t9 T Phase oM FGaA99 AXNEZ
7} 100 mg/L)o}l FLE =Y TLF FEF Fo) ARTAA)
(CHIEAY 300 mgL)E EF§ 9, Phase o ME of
AESDE 100 mg/l FA3A ARFAAT} AR F
3z E a9l Phase MY E ]2 oMHENYG Ba

ot gutelX| 274 12%, 20059 129
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2.3. MBR 28

C. strain JB101& ©] &3 LA Ao LML o}
&t7] $19k MBR2 Fig. 1o} Uehd #k9} o] polyethylene 7
29 hollow fiber moduleg AFR3H 20, moduled] £&F
o WA HF pore size= 247 0.16 m*> F 0.1 umo]tc},
BEX A7E JFE 265 cm, ME 15 cm, o] 27 cmo]
W, &4 HEdE 075 L2 89t WHol biomasse] st
@9 foulingg W2 £33 £22 Aojsly] 95+ port 18
FH gz £3<E magnetic pump(IWAKI Co., LTD.
Tokyo, Japan)E ©|&3te] ¢@AAFoH, ez sjde) T
A Fel AZE Bire U5 28501 34 3EE
E 350 membrane Wl NF L FozA v &y
A2 cloggingg AAE = UEZ gt £& Wz
el port 29l FYFEH BUF AHFTt §29
T UEE 4

AEL §9 =5 7|22 2 HCMBR(high concentration
membrane bioreactor)¥ LCMBR(low concentration membrane
bioreactor)2 F&3l 2331 tt. HCMBR ¥ LCMBRo|A
BHEESE T2 47 20 2 0.7 mg/LolgLeH, ol u
= Texas ¥ California®) 2 GF 2N 2349 59 A}
F o) F wgzE B HIadw 3719 29 9
FY2FFH 5 mgLe AJ¥Yo) FEE ALE U &
F 37M ntg Fahasiel AALFY BAS gotaigt
AAZAANR INEREL F AN EAE BT AAS7)
of 22 &9 30~80 F 10~50 mgLE =3ty
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column(4x50 m)7} 22t Ion Chromatography(DX-500,
DIONEX Corp., Sunnyvale, CA)E o]l &3le =A3s14c) 7zt
29 £4& A% elvant2 & 247 35 mM NaOH(H 9 A&
At 0.3 mM NaOH(R AT ol ERG)7L ALEE AL
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Fig. 1. Schematic diagram of the MBR.
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3.1. S8t & U pEAME D AAHZIY) BY
3.1.1. S9% 4=

9% d7= CSTRE ol§3t AAFEAL FHL3E
& ARGl 4z ARAAZ Fgshes Feol datd 3
ST rE B3NN 103 oY FFT HaEge o
& 4 ggs Adstg. '

X0 1 Ks 1 ‘
55 S 4t @
1__ (SO—S)

7 Txg Y0 @

o714 X = €4 nto]lem 29 FE(mg protein/L)
© = AFA7Hday)
$% 8 = 89 4 %% =A% 713 FEmgl)
Ks = & =44 (mg/L)
q = 712 ol &4 X(mg S/g protein-day)
b = WA 234 S(day ™)
Y = 9| E $&(g protein/g S)

HEFER pe YO q9 F225H ek

Table 1°] Uebd uis} Zo) FPRAYPo) AF QA=
2E8 B strain JB1019] HPL0G) A wEEgS
Ks ZF 0.59 mg ClOg/Lx= v)RtA] strain KIF%9) 33 mg/L
oA Ha =9 gtod HUr)A ol 84&% q e 351 mg
ClOs/mg protein-day 2 strain KJ*Vo nls] <k 270 =4 1}
Ebstc}. Strain JB1019) Y2 Ks ¥ ¥& qF2 strain KJ
off Hsl AFEIYE Bt ME XA Z2 FER A
g F d& 7tsdE gdndt nAE £ YE 018
mg protein/mg ClOs o) om, v AEE p= 0.27hr, 1
23 A Ea AT b 0.27/dayo] ot

Ao dig Ks g2 0.079 mg NOy-N/LE 7 4k off
3 7k 2k 1/10 $£F0] 2R strain JB101o] HFgAAE B
o AMGe BT Be BER AAT ¢ 988 ¢ & Uk
q #2 45.6 mg NOs/mg protein-day, YZ= 0.3 mg protein/
mg NOS2 #H@4de] fjd gug ta sgch 1 2
ZAd9-018 HPBEE nE 0582 FPLNP-ol ¢ BS
9 ok 2ujol it o] B2 FHT A5 pe] Xo|RHE strain
JB1012 FP&APET ARG S AMEste B9 waA

Table 1. Kinetic coefficients of strain JB101

Perchlorate limiting condition  Acetate limiting condition
Ks 0.59 mg ClO4/L 0.079 mg NO;/L

35.1 mg ClOs/mg protein-day 45.6 mg NO;/mg protein-day

0.27/day 0.078/day

q

Y 0.18 mg protein/mg ClO4 0.3 mg protein/mg NO;3
b

u 0.27/hr 0.58/hr




Citrobacter Amalonaticus Strain JB1019] 93 #aAi297 049 g9 1301

oA BFLAGET 94 9leg AaE 4 9l

312, TEAMT BAMH HYEM

FPaNEH AAFol FEsHE B strain IB101¢] <
3 AAsEA A 548 doder] 9% g2 49 2
= Fig. 29) yebd uiet 2o A8 27| 45 hr 3%
g AANE AR e FGLAGL 5 hr oo ¢AF A
ARGen, A9 92 I o|Fd AFHA 2t
Fadds A9l BT AAR T A A4 AFYSae
(25 h)ell= A8 279%e o2A 24T FEA8E0)
A FAN AAHNAT FELAEHR AAEE F AA 2
A A AFA B AASES w0k AL biomass F
Aol 7]tk A WA AFYA A AAE 9 AALEE}
FFaAE Y Gl v oF 2d) F= ESich APz
Fgastgdol Agge vs WA AARY A Lek: F4
2AFeR &9 strain JBI0OIS ARSIV Wi A4
Hell ¢&387] AF 71%o]l Ay MEY e g
grt & ol®el 248 AAEES ok AL strain JBIOL
of AFAAE Bt AAEE H53E gnjdinh

CSTRE <] &% FPLAET AAETNY 39 289 &
d& TFig. 39 Yebd vk} Zoh 100 mg/Le] HE 2 HTH
AP0l FdsHd 28t 49 ARZAA 7 FFE Phasel
ANME FILAEH Fidge] fFEE AA= Aol F#
Fogge A AsA gtk 2t ARAZAAI
M EAF ] F AR £E&AE BF FLAFA SES
Al % Phase-ll9] A% 7] 717k A<Jsid 4492
90% ol AA=G oG FHLAA L iFE AFIAT o
Z oA EAY 5 150 mg/LE Z7}A)7) Phase-llIo) A #
F2aNEY) AAETELE % 50%2 271k o]2RE strain
JB1012 F4dE FPiddnn MssH, 2392 34
220 #99 AfAR FEE AT F Adrh £
Phase-Illo] A 918 oM EAY FE 150 mgls GEFHO
2 HERNE 2 24 BEEE AT RGPl
AA T Fd2stgdol ZFF AL FEH] o] AAZTAHA
7t 87EE oStk HELNE AAE 9% BRAFGAY
EZFZ) AL 3239 AN EYEo Uk
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Fig. 2. Reduction of nitrate and perchlorate by strain JB101
in batch experiment.
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Fig. 3. Reduction of nitrate and perchlorate in a CSTR at
three different donor conditions.

AAFd 9§ HGANG 89 Al oAy AFAE 9
s AAIETE Bendict =00 CirobacterE ©]£3+ LNS brine
@AY, Fad, 34239 55E 47 250, 2,500, 100
mg/l) HATTENA FHFa) Sgol ARy =A 2
FHctT B8Rt Romanenko™ s} Jianlin'”e 2239 3
4 32 H928Y S48 FANNE FF TLEAM F
£3tta Hyslglon, Ritmann 72 @4 gelgole] 2
29 89 72U AEGF di§) AR 5 glo] FEs
297 gaNde 8942 F 9ok Busgch Logan"
52 EPQY HAES ol &7 A dERelA TGt
gut 2 FEF7F FUEE S F9aNd AARE
o F#7 30%o1Rer), Aagel A #Yd9e BS H4E
208 AAL & 15%E A v Bisigrt. £
Herman 5'Y= 924294 0.089 mgl EAsks 39 o
gaago] 4435 SR =Y B_F ATH 24 hr o]
ok, AAdo] 62 mgl AHAS W HdLAH0] &
A3 SFed HeF A7 2R FUhste] F4kgel
AaAE gdol FFL nHvkn Basgoh

3.2. MBRY H84 H7}

3.21. Ik otgAMHE 8] s XME

Fig. 491= &4 #9444 EE7F 20 mg/LY HCMBRS
A u HwAY 2 BE FPaad AALTS AARED
g #AE et dgasde 37td A U453
46 g ClO;/m’-day(HRT 30 min)7}x] #2394 #&T
A o)atz2 AARNYUT O &2 HRTAAE Ra57td w2
ey W HAAE 2 E44 udE dAMEE(soluble micro-
bial products, SMP) 59 Aoz I = gz <
5to] membraned) A fluxd] Edsle] I o] F-3lol| A
AAZES 4T & vtk 23{vh MBRE scale-upstd
ol AL o, HNH 33 & =YUsd 43 dde
UAghE B dFeld AES Rand 2 RabM I
GG Y Aot bed Aotk

FYG2GH gBo] AXY 5 mg/llo] FUHE B 4 @
AY o @AY Fgiht 2ai= 05, 26 9 5.1 g ClOJ/
m’dayol 9o, old 4ga= AAE Fale AZ 011,

THOIErA T Ol X] 278 123, 20059 12¢
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053 9 1.04 g NOy/m’-dayolich B ®AY 23} 26 g ClOs/
m’-day7bA = AQAAAT AAG BT 2SI olstr A
AL B 5.1 g ClO/m*daydl M= BAge A&d
A otz AARYeY, APLNHY BF F=E 0.79 mgll
2 AARSL 96.5%2 A23Qch v AAgRoZ Y
Ao A4g AA5eA) AALES AAYol EAs:
A9 044 ¢ eq/m’-dayE HP2IPYH EAs= B
037 ¢ eq/m’-day Rt} Thh Egith 28U ARG L FPx
FFEY v E & ASH7] wEo] FAT[El F
FH2AEE AHPE) HsiMe AgA 93 A g A

S T8 a#stook gk

322 Mk HAMY 8] HE X2

Y #HEAY 557 0.7 mg/Lel LCMBRY) @ ®AG
Falo) M2 #HGA4E AALH AAZEY FAE Fig 5
A YehiQeh Bgadew A2d 39 YR 023 ¢
ClOs/m’~dayol ) HAALZG L A3 o)l AAHJL
1} HCMBRY] A58 vl3d7tA2 1 o) 9] ¥3HHRT 20
min o|hel M el By W) AATES Herg + gl
Atk P24 o] AAYE 5 mg/lle] F7EIAS o
Fha2Y &3} 0.16 g ClOs /m*-day(A 4 st 1.06 g
NOs/m*-day)7tx] #g2ae B A3D =5 ASFA o8
2 AAHZALY, 1 o] HF o)A membrane fouling
Aol WARAT. ABE FA2VYY A% e By

gl A3 2 2949 BAYL ¢ £+ A%
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Fig. 4. Removal rate and removal efficiency of perchlorate at
various loading rates in HCMBR.
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Fig. 5. Removal rate and removal efficiency of perchlorate at
various loading rates in LCMBR.
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Table 2. Acetate consumption ratio for HCMBR and LCMBR
without considering DO

Loading rate HCMBR Loading rate LCMBR
(g ClOs/m’d) ClOsonly CIOF+NOy (g ClOs/m’d) ClOyonly CIO;+NOs
0.5 2.5 2.8 0.02 13.7 9.2
26 3.6 33 0.08 414 10.2
5.1 35 3.1 0.16 432 10.3
0.23 517 10.7

323, XM 0| CHEt OlM EAIY A 2H|

O EAG(AAZAA) H7HEol Aod B ol
AaA AAFA FAR e B3-S F MELFES
2FEZAE A8t FAYE YoE 59 AHHYHE
7HZ e mEA 2 oMELE AUMEE Agste
Fastth. HCMBR# LCMBRO digh ARFFAA QD of
A 22 O ddxe FAFEA Y vl Table 29) Uet
A oupe} 2ok ARZAA/ARAFEA vl(old ARZFH) =
AAZHE eq)g 7|ELE AR AAZAA 4 &
EAG LE2FL YT FEFTY TE Fo|2EEH A
SRt FF2AY $E7F 20 mg/LYd HCMBROIA Fga
AEut EAste A AAGHE I 2.5~3.6FF 3.2)91A
om, AR} FE3= F - 28~33(FH 3. D)o F
Ha4g 5=7F 0.7 mg/Lyd LCMBRojAM = Fg gt
EA Al AAZEFEI) 13.7~51.70191 80, AAHH FEd =
AL 97~10.70]glth. HCMBR % LCMBRoIA 25 Az}
FEHE o2 18T wgtoH, B3] Awre] HPlit
vt EASts AF olB@HY Kozt mi A e,

0273 AAGFH S AA 2EnH)Y Aol= TE ATR
o 9 E R}l Kim? Logan®L strain KIE o]&
& #5d BH3x A2 AAGEF &F 5 BT
662,001, EFFF] A 2.9+098 3 BusRch £ A
Pl Al HCMBRONA k& Kim¥ Logan®9] &4#F 7t
o 50%oln, EFFFY B fARGT BA £ 4Y
9 LOMBRAA 2398 248 3% A9 a4
¥l HCMBR#} Kim# Logan &3] tdt g9 < 16
wjol it ARG FHIL o] 2GR B2 AL FELNYE ¥
249 oA A2t ARGEAR AR W io)ch
Strain JB 1012 AAGEAZA 0,2 o|&F F Yorz'”
e 2FE DO 2 A7) FL2RE FYEH= 0.F of
AEZH S d3td] o] &% AF AAZHH 7T Foldl Aojth
53] LCMBRAM ARG ZN 7t £& 21 4459 #42
A9 BE(0.7 mg/L)ol H)sl DO} 8.75 mg/LE &7 &
o F7te oMMERE Y Aol Add] s AREYI
g Eolth. =3 LCMBRAA Figol FEshe 3% AR
Bulrt g EAss Rt 1 A Dod 9
@ HENDY 2REg) AU FAZ 3 Gob]
o £oj .

3229 o] o] AAFHH| A FFE ety fstd
DOE AT AT Feholx fYFE Axstd g2
o FUst] & TP eH, 2 I Table 39 A

==
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Table 3. Acetate consumption ratio for HCMBR and LCMBR
considering DO

Loading rate HCMBR Loading rate LCMBR

(g ClO</m’d)  Clogonly (g ClOs/m™d)  CiOsonly
0.5 1.4 0.02 3.5
2.6 1.4 0.08 6.4
5.1 1.6 0.16 6.7

Algtg . HCMBR# LCMBR 41579 &A4)3ts DOE &
P45 FE2E N, 7HEE ASFH R VA7 WA s
HCMBRS] A% DOE AASA ARZFH) 7L 2.5~3.60
Al Zaste] o] B2AQl &7H] 1o 2T 14~1.6& e
2t} LCMBRE] A% DOE wjAakA} AAFen]s} 13.7~
5179014 3.5~6.72 AFE SA T o] 23] 18}k
+ =3tk ol fYUFelA DOYE gr1q s A )
A=A ZSL F 1.8~2.16 mg/Le] DO 2F3s oA E
A9e ARINY) WEolt] oY AR fiFd &
Asks DO7F o HENE £2FE F7HA7= RS g9
T AN wpA AAFAA F7rE dZAe = DOst 2
< B AL EAY EAFE 1 BPstAo Joh

4 € B

Citrobacter amalonaticus strain JB 1012 o] &3to 1Y
ANET Aol A EAE ¥ F AXAFEA 79

24 54 2 MBRY 8 7F54S Brisel tgd 2
e gge =aagc.

1) FE2097 2398 IAATEAR MM EAS HAA
FqAR o] § AFNA HAE FE&2 47T 018 mg
protein/mg ClOs 2 0.3 mg protein/mg NOy o]t E5k A
ApLA el Jdol&&TE 35.09 mg ClOs/mg protein-day
% 46.51 mg NO;/mg protein-day©] 1 2™, Ks= 0.586 mg
ClO,/L ¥ 0.079 mg NO;/Lo| 1}

2) AAFTH FE2AEL FBA A BAC eH,
ARAFEAE F&Eshe 42 B9l ASHIL AA
EE ESith

3) #9 FHd2NE FE7F 20 mg/Lo|Y HCMBROIA
g AAEE 46 g ClOs/m’-day7hA] FH 243 AAF g0
EF 100%010 e, Z4dge] 5 mgl A7HE 3¢ #g&
Ade AAZEL 96.5%2 TAsErh #Y FIEAAY
F57F 0.7 mg/Lol¥ LCMBRAAE o HARS 023 g
ClOy/m’*-day7HA) HF 2] AATEo] BF 100%01Q
Y. T MBROIA T o Buge 299 ol 17
2 gz geHgon, 44 A4 B A3 52 59
FPALE AR BT} g Faoln AT A5T A
ot

4) HY2243 DO7F FAO] EAsHe B5 HCMBR 4
LCMBROIA BAGFORZ AN ohA=N o) Fd2i

A At

ARH(RAR UL 72 25~3.6 D 13.7~51.70] 921}
8414 DOY YRES AAR Aol 1 Fol 44 14~
16 9 35~672 o]27 19 gskAh A 298 A
3o TEE FGAAEE AAG W AAZAAY FY
FL g9Fd EAsE DO 5 ©E AxeEAY Fe

n# A AFstojok T
Ab AL

B ATE 200495 Qaheng Add da ATIUS
(INHA-31565).
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