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Abstract

The aim of this study was to investigate the nutrient removal and biomass productivity in the wastewater using MMBR
(Microalgae Membrane Bioreactor). MMBR process was combined OPPBR (Optical Panel Photobioreactor) and MBR
(Membrane bioreactor). The OPPBR and MBR were operated 3 days and 9h HRT (Hydraulic retention time), respectively,
using microalgae as Chlorella vulgaris. The obtained result indicated that the biomass productivity of 0.498 g/L/d with light
transmittance of 92% at a 305 mm depth in the OPPBR was achieved. The total consumption of BOD (Biochemical Oxygen
Demand) and COD (Chemical Oxygen Demand) in the MMBR were found to be 97.56% and 96.06%, respectively.
Additionally, the removal of TN, NO3-N, TP and PO4-P were 94.94%, 91.04%, 99.54% and 93.06% in MMBR, respectively.
These results indicated that the MMBR process was highly effective for COD, BOD and nutrient removal when compared to
the separate OPPBR or MBR process. The MMBR process was effective for nutrient removal and biomass productivity and

can be applied to treat wastewater in sewage treatment plant.
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stod ZAeE 5 7] wEel o
Al F&S volemjAE A4 £ Utk P ERFe
g 7 Bo] £ 940 C, H =
71 9 olitstgLEREH A&KHORE FFo] HER
N, P, K ¢ I35 g3 mAz79 Bdo] =4
gltl. £3] P= DNA, RNA, ATP 5¢ TFAEE=A
¢ AEY A AdFHA dTFE "X 25 9do)H,
Aie AZFY Fad 74 JESE ALF AZA
#7189 10%E A FTHChen et al, 2011; Schindler,
2012). HIAZFY A4 AHF 7172 HA Axd 98 A
# ¥ nitrate= nitrate reductase®] ]3| nitrite L2 L 3L
THA] nitrite reductase®] €J3] nitriteE ammonium 2.2 3
A7ty 28] 31 ammonium<> glutamine synthetase$} gluta-
mate synthetase®ll €3] aminoacids FEIZ FHHTH(Jin et
al., 2003; Shi et al., 2007). FINZFE thZFAE7] sl
AMe A 229 Y, CO, 771 ¥4, A3 =2 ¢
pHE Z 82 v} 595 MAzRE 3944 AE2A 29
g3t X7 HAERFY S Be 9FS
(Choi and Lee, 2011; Wijffels and Barbosa, 2010). F]A=
7o dF g A2 2HEH AP ez Uy, A
Y A&H2 t7] F oitste4d] HE &3 AHET
Aol BAAZ Egtog HlolQujAo L7l A Pl
o gomn oF mAE didt 299 rtedHt &4
9% wo] dl= whyo] 9lti(Haag, 2007; Woertz et
al., 2009
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FRE
FAZE AL, Aol golatH, whgr|e F3 tiH] ZHA
S st & F oA df AMEEHI UTHChoi et al.,
2013; Hsieh and Wu, 2009). 28} olg|dt FAE W87
52 27 A st U1 mE A9 HF] SR
W2 ZAshe @48 Biet, ols 7 A9 a1¥xad
2 s B AsfAde] HAEZY] HF o] thMoreno-
Garrido, 2008; Wu and Shi, 2007). ]33 @A ZH=Z
AS B AMEHAE FESIY] fste] whgrle =%
(optical panel)E& HYstE FPS=Z LED(Light Emitting
Diode)E A&3te] WHE7] o] el BEE FUIHA
3 Fo2ZH HlolemA FAES FHATI A AFE A
©] OPPBR (Optical Panel Photobioreactor)®] THChoi et al.,
2013). APFATF A3} OPPBR ¥HE7]o|A ) Hpo] Qujx &
gL Gt e wgr|e Haste] 2 Hlojemx
2] E& YERJTHChoi et al., 2013; Choi and Lee, 2012).
a3U OPPBRTHE ©Eo g o|&stae dultetrE AT
2% v2 Z3F vasty JEEFY AAEol LSk
AA A Fel HE&s7de FEAAY FTFo] ot
AEEY MY B FAHl USATHAbdel-Raouf et
al., 2012; Boonchai et al., 2012; Choi and Lee, 2014).
A 2 AFME ol EAFES Bstaxt HA
ZRE o83 35 AHE & 4 e OPPBR 33T
MBR 23 & Z#3t A2 MMBR (Microalgae Membrane
Bioreactor) &g ©] &3t sFAE Y 888 FHAIY
I, Y JYERE FFHLE AATH Al Hiol L

9g7lE 9RA 2Qle] U oo

~—~

T

U4 5% oligtdi 1Y SO F8F HAZRe
dfo] orj2 8- FAlol SR stk ¥ AT= MMBR
29 Feoena AwelsE ol §stel MMBR 230
A MAZRY Helemz B FFFRY AALL
Srobn i sheiet.

2. Materials and Methods

2.1. Microalgae cultivation and characterization of wastewater

2 AT AHgE HAXRFE 3-8 um 271Y 7 C
vulgaris (FC-16)ZM 3=t & S| A 2F-23(KMMCC, Busan)
oAl ol JM Hl=|(Jaworski's Medium, Table 1)E ©]
£3to] 23+1°C 252 F27]0 10897 S22 Fo
AH&5H 3 T

Table 1. A chemical composition of Jaworski's Medium
[Unit: mg/L deionized Water]

Components Contents [mg/L]
Ca(NOs), - 4H,0 20
KH,PO4 124
MgSO, - 7TH,0 50
NaHCO3 159
Na,HPO, - 12H,0 36
NaNO; 80
EDTA FeNa 2.25
EDTANa, 2.25
H;BO; 2.48
MnCl; - 4H,0 1.39
(NH4)6M07024 * 4H,0 1.00
Cyanobalamin 0.04
thiamine HCl 0.04
biotin 0.04

2 APL MMBREZ S AA steAg gl F&s87 9
5te] lab scaleZ PP AP Aotk AP AH8H 3
FE G AlY AEsteoln AAH7E B FFE A
o dAEET MAEY LEES U] s EHPsA At
239 G A9 A4S MLSS 2530.8 +158.7 mg/L,
BOD 140.3+11.1 mg/L, COD 267.7 18.5 mg/L, TN 243
+ 8.6 mg/L, NO3-N 10.8+3.3 mg/L, TP 5.0+2.5 mg/L =L
23l PO,-P 2.2+0.7 mg/L o]tk

2.2. Experimental design

2.2.1. Characteristics of optical panel

Fig. 1(b)l =% RAEE Yehfdict A A&
3 =FFL 210 mm (FFR)x290 mm (AE) Z7]oH,
9o E3lgo] £& Poly-MethylMethAcrylate (PMMA)Z
AZsA T ARl v-cut F2 FHA & o] ¥k}
HE ol &std AWeR Wg wEAT a2y B AF
NMe =FH A v-cut & AZSte] do] FHoz H
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Table 2. Characteristics of optical panel (OP)
Method Unit
ISO 1183
ISO 13468
ISO 75
ISO 1133
ISO 527

MRC Method

v-cut OP
1.19
93
94
1.5
75
0.2-0.6

Parameters

Specific gravity _
%
°C
¢/10 min.
MPa

%

Transmittance

Heat distortion temperature
Melt flow rate
Tensile strength
Mold shrinkage
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Lee, 2012). Table 2| v-cut =F#e] E4&
AP AT(Choi and Lee, 2014) A% =FHLS
7t AARoIG He EagoA b2 FARD Hoyg &
AdANME 6 mm FAY EFHS AHEsIAT

O dov L o o 0% M md o2

2.2.2. Optical Panel Photobioreactor (OPPBR) construction and
operation
OPPBR ¥H37](Fig. 1(a))= 450 mm (7}2) x 280 mm (M Z)
x305 mm (EF°)°olH, W78 FEFS 40 Lotk 7
0.5 L/min2 A&z FQgom, F7] FYEA w
COx9 FYFL 0.02 vwmolfth E=FH wg7]Y
7hHel Aqiste] 2ol whgr] HAd FL9sHA Ad
g 33, B A mE IF 9sr19 Age

o rfu e

&N
N
N
()
W

mm %t}
MAZF NS sl AYE MYl FPo F2
Bggol ALHY 2T WPl 4 iAoz I
x
y 1 Light
z [
Air and _/ [ VY
CO? inlet H £
H £
H v
: o
. o™
K«“
'13’
450 mm

@

wuw 062

55 %ol AMgsidth 23y
£33 Tz Fo| A=
LED (Light Emitting Diode)E o]
AzFoll ot g9 Ug Jdgxoe=
FeFoltt. A9l AHER LED #Z= =33
99 JAFEE 17171 Hall bar @29 LED
£ AFsd oW (Fig. 1(b)), LEDY FFHE dde
24 FP-60-12 3953 7|(AD & Lighting, Suwon, Kyonggi-
Do, Korea)E AF&3tAth BEE FL2 oA o=z F
F3t%th. LEDE= white A4S AHE3SHR 2™ LED baré
FF2 1,700 Luxelth. FFH AHEEE 2o &S vE
e FZL 56 pmol/m’s @M, 271 C vulgaris ¢ =
& 1.12£0.7 g/L ¥tk

T

L
L
L
L

2.2.3. Microalgae Membrane Bioreactor (MMBR)

MMBR 232 13 Hg)Z3 22 OPPBR 23 23t A
IIFPLE MBR F8E& At BHE FFSEZH mem-
brane & 0.2 um (PES, Milipore) 7] &Ato]Z9] Hahs A}
SR, w7 <ol 2789 B 9s AX| 5 THFig. 2).
MBREZY 7|2 29 Z7& Table 391 JeR] AT MBR
¥87]¢ =Z7]= OPPBRY 37| Zom ¥lgr]e £8&
F2 40 L Atk MBR 949 442 MLSS (650 + 83.7
mg/L), COD (168.3+23.7 mg/L), BOD (30.24+5.1 mg/L),
TN (14.65 +2.7mg/L), NOs-N (5.42+2.1 mg/L), TP (0.86+
0.02 mg/L) 223 PO4s-P (0.43+£0.12 mg/L) Atk

Fig. 2¢1 OPPBR &3 MBR Z3<& Z¥3 MMBR &
& Y Stk 39 95 E Feed tanko] Zof FHES
A AT Fo OPPBR &322 FF3th OPPBR &3¢
A 433 rlHAIZFE Tron sulphate(Il)E ©] &3ty X A
gsto] FEetGon, 4592 x5 o|&st MBR 33

o2 ol&sty At OPPBR F3< 717+ 3 days,

Table 3. The operating conditions of membrane bioreactor

Parameters Conditions
Hydraulic retention time (HRT) 9h
Aeration rate 10 L/min
Dissolved oxygen (DO) 2-4 mg/L
Membrane flux 8 L/m’h

(b)

Fig. 1. A scheme of OPPBR (a), optical panel with LED (b)
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Measurement of pH, Temperature, TN,

i
! probe TP, PO4-P, NOs-N, NH4-N, O, i
probe i
] I
I
v 2% d
= - Effluent
° o o
Flow o o o ©o 00
measurement o 000 o Flow
© or ° o o o o measurement
. . (=] ) o °
Circulation °° oo 8 4 28 ° ) )
pump ° g0 o 90 o O 0o Circulation
) o oo © 0 pump
& @ o ®o )
D 8 b ° 09 2° oo fe
o © 0o "©0
o = 0 000 ,©° o
% 5 o 00 o oo o
o % 09 0°%0 06,
8°00 °© D 2 °% %90
OPPBR MBR
Influent of
wastewater
=
Algae
harvesting
Feed Tank

Fig. 2. A schematic diagram of MMBR.

MBR &o14+E 9 hre] HRTE ©]&3te] Az]5kith MMBR
OPPBR &7°] MBREES AdA2E thAlstr] df
ARG AHEEHE
JGede A
A EFe WES

2=

F en, MBRY
o] Atk wErA
9 MBR¥ OPPBRY| @533 vt &t # 542
A g gs FHIE GAYSY =38 FE F
t}. 122y MBR& OPPBRY Hwdl] HAXd 72 MBRY
S o] A Aol AYwEA syt 3A YERs
TS MBR 380MA9] 9LFHF AMALC] FoF OPPBR
oA mAZF wto]wjX Aol OPPBR + MBR
v st @AS Hokth

A

)

o)
=

2.3. Analytical methods

wlo] Quj 28] FIMFES F e AR A
ZF2 10 mLY MEE GF/C (Watmann, ¥=H)Z o3
105°Coll A 24A17F AZxe & 1 FAHEHE ST
Cs = (Cy - Cro) Nt - 19) (D

Cs = Hol2m 29 <&, C, 2 Co = t9 to WS Hpolm&
9 F& vehdt

F53F2 ZEA(HOBO-Light Intensity, Onset Computer,
USA)E ol &3t #533S F4atath == LI-193SA
AA 9}t LI-1400 7]Z2A(Li-COR, Inc., Lincoln, Nebraska,
USA)E ol &3t dHxF & stdeH, 53 Al AA99
HAZFE AAS A AR
sttt 339 F5EFS
WA

COD, TN, TP= &ZAId™ () #F7h& Kit 2 S35

#

o FIAFE AL ™, POs,P, NO,-N, NO:-N& IC
(Shimadzhu™ SIL-10AP)Z Z335t¢th AFL % 10WL
WE Agste] FF dHolHE AL

=
[S]

3. Results and Discussion

3.1. Light transmittance and biomass productivity in

OPPBR (Optical Panel Photobioreactor)

HAZF HFE S g s dutdgoer g
el g5t 4F 9 A 228 Y Frs WS F
2% Jdadeln, 535 #Y 49 X wgTldA
HNAZFE dE 34T F e Fad 27°|tKChoi
and Lee, 2011; Ogbonna and Tanaka, 2000). &, VIHMZF

= £228 yiY 2& 243 7]50] g7 "idd FH &
A9 259 " vAXFY uvtoloms FE, AZIAL
gz a ARHALY] wrg&EE HAFAoR JFES A=
Aoz &#A AHGrobbelaar, 2000; Masojidek and Torzillo,
2008). £ AR F ¥hg7] <o H9 Hdst BXE F
AA71L 3o wEt mAERY F4e FNTNIAR =F
W& A9 OPPBRE o] &3ttt A4 v&7] <t
9o EXE 305 mm ZHoldA 92%7F S ¥Hg7] W
742 90%01739] Hol itEASS € & Ay Fig. 3
o] OPPBR WFg7]olA Y 3¥ F<F Hiolemjs AAFS
el Aok vteleula BAHdE 27] 5% 0.112 g/L/delA
195 0.245 g/L/d, 29A 0.454 g/L/d 233 395 0.498
gL/d& Yehlo] 27152 Hlasty 195 2.24), 29
Ao 40580 222 3LA A 4459 F71eFE AL, 2L A 7HA]
IR oz FrlstR oy 3ol ulo] emjs A ibEol

FAI98e ¢ 5 Ak

L

[ele]

I=I=1
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Biomass productivity [g/L/d)
o
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L

Initial
concentration

T I - l
1 2 3

Time [days]
Fig. 3. A biomass productivity in the OPPBR.

Q]

2=

Hsiech and Wu (2009)= F93 AH4E 937100
flat panel¥ LEDE ©]-&3t Chlorella sp. & 13¥ &
o HAZFY HlolemiAE FHS AF 0375 g/L/de H
o] QU ~E AYSH, Sierra et al. (2008) flat plateS ©]
£ FAERZIANAN C vulgaris & 1149 S A3
0386 g/L/d 9] Hloleml2~ MakdS B3&9t) Choi and
Lee (2014)= OPPBRe| st FZFS o] &3t Hiolonj
AN S 2D A 86% A= 042 g/L/d, 91%°A4
0.45 g/L/d 283 93% M= 047 g/L/d & Hlo]ow)
e BAsRth OPPBRS o] &3 £ AgoA C
vulgaris ¢ vFo] Quj A A4S A6k FAET-Z 7|9 flate
AMESE WHE719F HlaEte HAZRFY =7}
oo wa}t ulo] Qmji AYAFE HEokTh

o o

=
BE

-

> e >

ZA) A

plateZ S5

w3k

3.2. Substrate consumption and nutrient removal in MMBR
process
3.2.1. Consumption of COD and BOD
Fig. 491 MMBR &34 BOD$ CODY AAFHFE
Jehi 9t BODE %7]1%% 1403 mg/LolA OPPBR &
BlA 3¢ B9 AFF F 302 mgLrt Bol 78.45%2)

gical Aerated Filter)378& ©]&3te] BODE A s 2
61.5%9 A EE&L H3159 3, Abdel-Raouf et al. (2012)
T3S AMESHA A A ZRFIHS o] &3t dutst
oA BODE Azldt 23 68.4%2 AP &L HIA3H
ok ES &8 AE ol &5t BODE A 2F A
EEE 9F 60-70%%] ALZ BHA3IYTHChoi et al., 2012).
E3#E o83 OPPBR I =FHS AMESHA &2
A ZFTHE o] &% A gt EH9E8R FEF v
sto] 2 BOD A& &S el dth
CODE %71%5% 267.7 mg/LolA OPPBR 3
168.3 mg/L7} Fo OPPBR ZA&oNA 37.12%9
Agg& S Y wAZFIE 45998
t fIIFAEE FAAR o] &M, FIIEA
Hu mAzF7 5899 S
g7 oF f71ES FFste duAE 4A
7] Y olitstga 9 9 A2 EEH
sto] Aolzlry] W o] cODY o] Ho] 7
Aoz AZHET Klausmeier et al. (2004)
o)

L

L

3L

¥ MBR 334 CODE 10.54 mg/L7} @°} MBR &3
o= 58.94%9 H2 AAZES UYeEho] MMBRY A
A FAAAME 96.06% E AAEZES YA

3.2.2. TN and NOs-N removal

Fig. 591 MMBR &3°lA TN# NO;-N9 AAZES
Yehf Atk TN NO:-N2 47 27]%5% 2430 mg/L$
10.82 mg/LolA OPPBR &3 ol zZtzt 14.65 mg/L9
542 mg/L7t &350 39.71%9 49.91%9 F& AAFZE
< YeRiATh

TNZ} NO;-N2 COD%} H|%=3}A] OPPBR &FgolA Y2

AAEES YAt MBR 384 9h F 3.4 mg/L AAEE Heider AFLFEFH dae vAERFY
7} &3 =9 MBR 33 AE AA 289 19.11% AAL A3 o3 GRIAIA T, A} HlwEHE Qlo] A=
&5 Yehila, AA MMBR ZFNAE 97.56%2 AA AdFHl FERTE nAEXFY S HL2 gFE WA
BEE UEifo] gut A=A A Hlalste] 2 A = Ao2 UEtkShi et al, 2007). Ahn et al. (2013)&
AZES YET. Wang et al. (2006)2 BAF (Biolo- nAEFY F4E& ke C, NE F7bsils Aeole
300 OPPBR MBR

= J. WBOD

E I ! cop

= 200

2

4 1

g

8

a 100

S I =

g . i

@ 0 . . . - . - N =

Initial 1day 2 day 3day(0hr) 3hr 6hr Shr
concentration
Time

Fig. 4. A consumption of BOD and COD in MMBR process.
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w
o

OPPBR

N
o
L

TNand NO;-Nconcentration [mg/L]
=
o

oll[lll

Initial 1day 2day
concentration

MBR
ETN
NOs-N
| =l
3day (0 hr) 3h 6hr 9hr

Time

Fig. 5. Removal process of TN and NOs-N in MMBR.

T2 F7HF A9 93, PE HUME dRde
9 v=7t ZA IS Easiinh ol ¥
o] ZET FeolA HAZRF QG FE P 95t

Agdot= AL YePATh Klaumeier et al. (2008) 4
o T

2 dZAER A ATy dREAN 7Y
st 54 W f93E9 d4HE PY #4
< Eol& Aoz ZES UIdTh
NOs>-N¢| AAES TN Hwste F 10%E = =%l
ol WM ZFIL &l HA F2 particle N BTl st
£aF010= NHe-NT NONE AZo] o] &3t7] "]
t}. Boelee et al. (2012)= 3tFAlA PIAZRE o] &3¢9
FLAFE AAT 2T oAZFY AF2 AAZ I HA
A A7t 23 FEFME dFFE] Hof PAlgtS
2 yeha, AArt =54 A FE AEE skl
Ae &EA E2 No| Bo] £FHO o] N9 AsHe]
UrEME}i Basgth £ AddAe FREAT AAS
A E st E AMESIAY] Wil o] T %2 N A
74011 FEFE HzTL B 5 qth
TNZ NOs-N2 OPPBR 33IAY AAZES YA
MBR ZAoNAE 27 27|55 14.65 mg/L$ 542 mg/L
A A&EY FEFel 1.23 mg/Le 097 mg/L7t Hob
2zt AA 389 5523%% 41.13%9 AALES UER
Atk HA MMBR @A E 47 94.94%$ 91.04%9
AALE Yehfo] dvt AESH A wlusty g2

i}

AR HEhRES ¢
g3k 4EWSRY 8

A g AASL 50~

T Atk AA steAEgelA A
= HSs o AENIEY A4
60% JE=O]tHAdov et al., 2008).

3.2.3. TP and POsP removal

Fig. 691 MMBRZEJA TP$ PO,-P9 AAFHEL U
Btk £ AgZ3% OPPBR FFo|A TP9 PO,PE %
715 %= 5.03 mg/L € 2.16 mg/LolA 0.86 mg/L 9 0.43 mg/L
7} gol 27k 82.80%9 80.09%% E2 AARES UEH
Rom, TN AAEFH Hlastd F 43%0)49 w2 AAE
< Yehiitk MBR 34914 TPE 16.74%, POsPE 12.97%
9 AAEEE Jehides MBR 33& A &5
A9 TP$ PO4PY =+ Z7ZF 023 mg/L9t 0.15 mg/L
7 23E AT AA MMBROIAM Q] TP PO,-PY AAE
2 247 99.54%9F 93.06%9 =2 AAEES YEMIATH
Colak and Kaya (1988) Chlorella vulgaris & ©]-&3t
AFHAFE ADF A 85.7%, 2 LusFE X
27 97.8%9 L P AAZES HAusoh

2 A3FZAF COD, TN, NO;-N2 OPPBRO|AQ AAE
2 Idgtoy & FH MBREEA OPPBR &3olA Al
AsA] ZdF FFERFE AATLEZHN MMBR 7oA <
AAE&L OPPBR &3 MBR 39 @533 Hlast
of IR AALC] X =SS a} T A E
OPPBR Z4°lA TNF NO;-N2| AAEL TP PO,-PY

OPPBR

MBR

TPand POy-Pconcentration [mg/L]
w

I PO:P
o - I l . .' -- -

TP

Initial 1day 2day
concentration

Fig. 6. TP and PO4-P removal process in MMBR.

3day (0 hr) 3hr

Time
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AAE Btk 2okt ol wAZRFE Fol webA gl

9% JFARE A Hed 2 A AHER C
vulgaris = °&& ¥t N Ethe= PE ¢ ®Bo] o] &3l+=
o2 4¥A Utk oA H|%T AFZAF+= Boonchai et
al. (2012)8] RiAM= 1T + ded, 1= FAE
S719A C. vulgaris & ©1&3t 849 FFEFE AA
S AT N2 4%9 22 AAZES B ¥ TP+ 84.2%

9 & AAREES BIASATE Wang et al. (2012) HA|
Chlorella sp.& ©]&3to] dwtalre] JEHFE AAG 2
I TNZ 17.04-58.85%9 AAZES Ul eu, TP+
62.43-97.08%% AALEES el NEO= PY AAE
o] ¥ ELS ¢ & AW I3Y Schindler (2012)=
Botryococcus & °©]&3te dwsl&E Xt 23 POs-PY
CODE 50%°l3te] 92 AAEE UrEhHi’iUr HHHE
NO3;-N¥} NH4= 70% ©)

A ZFE S wabA
I, E oAz TEr 279
v gol wet AFEEe
ENo) wE BA3 9
AzFE ol &3t 39
WEA] Qo REolg

OPPBR &3 MBR &

3

>
oﬁ: rz olN Ol:{gl g% 32

ox, @
o J}L

34 BEOR QUAEANS T W vusel YA
AAg] B3, ALEl FHelolAl AA Uw 5
A gl A gol Tbsevl, BAZFY Hholenh 4o

T 8319 A gl 388 A dALSo|T)
4. Conclusion

2 ATy ZARe
1) OPPBR #Hg7]¢]
vl F7FetA o
BOD¢$} COD+= OPPBR 37894 242 78.45%9} 37.12%,
MBROIA  19.11%$F 58.94%<] AAZES Yehfol,
MMBREZF A= 42 97.56%F 96.06%2] =2 AAR
€< Uehigith BODE OPPBR Z3¢A CODE MBR
F8dA o Bol AAHASTS & & ARk
TN, NO;-N, TP$} PO,-P= OPPBR F3NA 22 39.71%,
49.91%, 82.80% 2] 3L 80.09% MBR &3olA 2+t 55.23%,
41.13%, 16.74%%} 12.97%9 AAZES UEhfo] AA
MMBR 2304 27+ 94.94% 91.04%, 99.54%} 93.06%
9 AAZEE YeERIATH
w24 OPPBR &3 I MBR %%% 235 MMBR &
S o] 8% AF Y FJEEF AALES T
A 27 wo]lemi s F55Y {83 AHEE

R0l EgH o, AA sFAE Gl FEo] 7Hesit

oleh ot 2o,

A ZFE 27259 vTsty 445

2)
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