%36 % F2#H o 2 K HE K Vol. 36 No.22
2020 4 11 A CHINA WATER & WASTEWATER Nov. 2020

DOI:10.19853/]. zgjsps. 1000-4602.2020.22.007

4% MBBR = Z & & A 4 ey T2 5 A

ARy, % #, KR
(F & EEERCEBENARNE, LA FE 266555)

W E: 4B MBBR L RAKRZ IR, RIFTRER, AW A BT X AEGZFEAEY
JE TR T R0 R, A IR AL RACOGVE R T E A B3, E Rk, L&A1 6 AR AR
WG TG PG R, TREEATEFK ST LR, NmEMFLRE G HKKT, E4ET LK
MBBR L 275 F4p o) L paste 88 T2 T EPLax A At £2, A% 7 B 4 Lillehammer
Gardermoen . Sjolunda  Phillips Petroleum Borger,TAU 75 7K )~ 46 2 MBBR T ¥ 64 3% it fo 2 A 15 00, &
BT B A4 MBBR T2 £ 507 Fek L Tk BoK T BUE K FH RGBS R L, 5K
JLR A, 4 MBBR TE 56 mE A RELELL, RRXTH Y 80% 69 L3, X%k {7,
IERARE, AR &S BT BT RS HY,ER TE R FEARY B4R, LA BKE
K R e 20 AT R o

REWE: BIAREWBRAEE; FBFEAK; AHE; AR MBBR; MF Rk RAR
A BZ; hRm®

hE4SES: TU92 XEAFRIZED: A NEHRS: 1000 -4602(2020)22 -0037 - 11

Engineering Application of Pure MBBR Process at Home and Abroad

ZHOU Jia-zhong, WU Di, ZHENG Lin-ao
(Qingdao SPRING Water Treatment Co. Lid., Qingdao 266555, China)

Abstract: There is no secondary sedimentation tank and sludge return system in the pure MBBR
process. The pollutants can be removed effectively by biofilm which attached to the suspended carriers.
The biofilm can be dynamically renewed by fluidization without backwashing. The pure MBBR process
has excellent advantages, such as low temperature resistance, high removal loading, short retention time,
flexibility application to the many sections of WWTP, so as to obtain excellent effluent quality. In this
paper, the characteristics of removal pollutants in pure MBBR process are summarized, and the
decarbonization, nitrification and denitrification processes are described as well. The design and
application of pure MBBR process in Lillechammer WWTP, Gardermoen WWTP, Sjolunda WWTP,
Phillips Petroleum Borger WWTP, and TAU WWTP which are located abroad are introduced. The
application of pure MBBR process in micro-polluted water, industrial wastewater, municipal wastewater
and high ammonia nitrogen wastewater in China are reviewed. Practical application shows that the pure
MBBR process combined with a more compact advanced treatment process can save up to 80% of the
land occupation compared with the conventional process. The pure MBBR process has the advantages of

high removal loading, short process flow, low land occupation, low investment and simple operation. It is
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suitable for new construction and expansion of WWTP, and has great development space and wide

application prospect.
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Fig. 1  Operation diagram of pure MBBR process
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Fig.2  Process application form of pure MBBR under aerobic

and anoxic conditions
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Tab. 1 Organic pollutant removal efficiency of four WWTPs in Norway
BOD, COD
o H bii v\ K/ PN "4 K/ K/ EERE/

(mg-L7") | (mg-L7") % (mg-L7") | (mg-L7") %
Steinsholt S 398 10 97.4 833 46 94.4
15K) ORMH 1720 38 99.7 2 760 130 98.4

Tretten FHIME 361 4 98.9 — — —

J5K) KA 695 46 99.7 — — —
Svarstad EH — — — 403 44 89.0
5K N} — — — 850 83 94.0

. -1 18 5 97.7 — — —

Frya 7k ;iﬁ 290 20 99.0 — — —

1.3 #fEMBBR TEZ A Tt d RLE SEBE T R A R 25 U 1 T ) e R0 4 5 Tl
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Tab.2  Comparison of microorganisms between suspended carrier biofilm and activated sludge system

KR, | S KA Nitrosomonas ( AOB) =EE/% | Nitrospira( NOB) £ &/ %
KRS AT 0y | (mg e Ly | EEETR | BPAE | SR | RRRE
EX) YRR R0 HE YR
HETETG K + Tolk gk 13 2.42 0.15 1.35 0.97 6.08
AEEIGK 10 ~ 12 7 0.94 — — 1.09 8.51
HETETEK 12 16 0.27 0.50 3.80 2.50 27.80
TRk 10 ~12 4 0.90 — — 0.75 7.32
HETETEK + TalkEK | 8~10 6 0.87 0.80 5.16 1.52 6.54
HEVETE K + Tk E K 12 8 0.23 1.68 — — 13.17
AT K 6~8 1 1.51 <1.0 7.64 <1.0 1.97
M2 FTLUE ), B AR AR S Tas Ak HEG

M E SR TG R RS, AR L R
MAEACIRTiE TR ( Nitrospira) o f5cB BRI R, F8 43
Nitrospira TR A3 228 AL 7 ( AOB ) 1V B2 £k %
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Tab.3  Design influent and effluent quality in Lillehammer

WWTP
m H BOD, | COD | TSS TN TP
PR/ (mg - L71) | 101 | 206 | 101 | 26 | 3.7
itk (mg- 1) 10 [ — | — | — Jo0.2
it EBRE % 9 | — | — [ >70] 95
AR 1 \3 ! J Jﬂglﬁlyﬁl 1)) E|3$ Lotk
u.qqiin;; .}'si J
L3 TRITR R I BT A Akt COYREEUITE

3 Lillehammer {57k 4018 TE G2

Fig.3  Process flow of Lillehammer WWTP
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Fig.4 Process flow of Gardermoen WWTP
B EBRBATROR R 4 s, A A Btk
TR R R SE T i Bl TR 5K LR AT e, 7e
BRI N 6 ~T CRIARIZEIET , K= E N0 26
mg/L, TN ¥ {H & 2. 16 mg/L, TN 2 [ X ik F|
95.5% , HHA i B KA AL X AT LA KRR 85% ~90% 1

IR o O A 2= BRBEAE T, oK TP R BE AR &=
0.15 mg/L,
F4 Sk EEREE HKKR
Tab.4 Actual influent and effluent of Gardermoen WWTP
mg -+ L~
i H |BOD,|COD| SS | TN |NH; -N| TP
SeBRiEK | 188 | 643 | 278 | 44.2 | 28.6 | 7.7
AEARBEEKR | — | 442 | 105 |48.5 | 29.1 —
ShRik | 8.0 | 33 | 12 [2.16 | 0.26 |0.15

ZKT IsATEE AR W], C/N F 52 1 S A
AR HEER R, LA IR FFTE 4 ~5 gBSCOD/
gNO, - N Z[a], BLAh, i )™ 4 45 i i A W 1m] i
bbo Jo B R s A DX 0E i ARt U, i /N E ik 2]
3.8 gBSCOD/gNO. — N, iyt TN [ 3F-34 J2 [ 35 a] D
iKF) 98% , [ I g th K i AR A T340 0. 33 mg/L,
TEiBAT 3 5 Sl AR B R sk T k22

FIFREVEIHFE, Wi 1729 12.5 ~13.0 T 3ET0/a )
BT, T REREFERUR W
Gardermoen V5K ia47317 WLIE 5.

5 Gardermoen 57k &b 32 IE1TEL A
Fig.5 Operation scene of Gardermoen WWTP

2.3 Sjolunda 57K AL

Sjolunda ¥5 7K AL T v F Hi H | Zb FRALAEL 15 x
10* m/do %) JEAT W AR A R AL R 2 . — S i
PR T, 7 — RN EYE T, =R T2
HARFE. 1996 4F %05 7K ) BERBUAT B 1 HE bR
#E, H A BOD, <12 mg/L, TN <10 mg/L, TP <0. 3
mg/ L, ik B bR T S0 2590 AT TH R
BEORBENS 7870 H H BULAT AR SR, R B 2 5 K
QPR T 2T RRART B A . B & WU S RN
OFHRIFIE TSI T2, I 2R K ; @k 5t
AW UE B SO AT, He S PR TS e L2 K 1Y
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i ab AR Ab B YR Ab B
Fe* ; R
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Fig.6 Process flow of Sjolunda WWTP
MBBR X3 /K iR 10 C, W2 ) i fkIX
SR 50% , R FH W B Ry e, T %) MBBR 3 7K
B PR AR W P A AE R W U Tl s i B n o . K Mbliz
T8 R W7, MBBR X F 7K il A Wk B AE 17 ~ 22
mg/L, i1 MBBR jih [k 7K % 455 (8 ~9 mg/L) i,
PR BB 5 P 180 I B 3l v 3L, C/N £ 3.5 ~ 4.0
gBSCOD/gNO,; —N Z[a], f£ 1.6 h (B E T,
Xt TN (2B R >80% "™ . 5 BEE M, iRk
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BT, AR B A TE R A, B A TROR AT
2.4  Phillips Petroleum Borger j57K &bIE ™

Phillips Petroleum Borger 75 /K 4B 7E iz 17 1

e Pl 2 A R R R U 7R3 T s 17 TO0 R, oK
WRIGLMELL R . i e Uk A& B, /KA HL G
B, 1AL R . I H RO 2l I MBBR
T IE TG RARG AT, #05 REXT ALY
2 BREE ST, NI A5 LTS e RS RIHALPERE , T/
PR ARIEAR. 5K B HIERS, TER
FEULIE 7,

%5 Phillips Petroleum Borger j57k &b I8 1%t 5 %1
Tab.5 Design parameters of Phillips Petroleum Borger WWTP

! AEBK R/ (m® - d7") | BIFATEE BOD i/ (kg - d7') | AAGHE/m® | BOHEER /L | BEER/ %
BHE 19 680 3018 1927 2.35 30
ok Wk %6 TAU f57kAEI MBBR T 55515 T 485 B A
(187 MBBR T Mm% 100)
s |—A Tab.6 Relative cost of MBBR process and activated sludge
— = Niu — o process in TAU WWTP (set the investment cost of MBBR
MBBR R0 | L5 gk | Ui ki

E 7 Phillips Petroleum Borger iS5k A B TEiRiE
Fig.7 Process flow of Phillips Petroleum Borger WWTP
25K F 1999 4F 3 FFiR)H 8 MBBR 1.2,
TEFEIK COD g 300 ~450 mg/L ATELL T, 7K i 5t
Kl 60 ~ 110 mg/L FEfIk % 40 ~60 mg/L, it )5
SEBR K L AR BEHE 10% |, 1 R G bt b g
RAf, HKER g bbR . TER AT, BOE T R Ge ) i
IR G RN K R 2 IE ARG AR E | KR
fE1~9 mg/L Z i), i Hiz1T MBBR T.Z )5, K
RAWEMEIR T RERE L DMAZERGEH KA
FRGEMT | mg/L 2R,
2.5 TAU j5K4bEE
PR)Ek Tonsberg [¥) TAU 5 /K 4b BT 7€ T+ 2% i itk
pu N L L1 ST d Wk = 4 1) L1 1 B g S £
SR PR VR, AT BT R A A AR e A S —
Dt 7 A R H TR 5 K A 2R R A 4l fiE MBBR
20 DN I B A Y el B AT R K A,
7E 8 C IR A& F T, Zlj% MBBR ()43 AL 17 4 5,
TP A AR P PRAR Y K
T DL R FH 45 MBBR T 25 S92t 0 it . 4% 6 %
7SR 4l MBBR 25 Rl B0 3G M35 Ve 3k R A7
TR BRI T IA
MFE 6 ATLLF H, 4l MBBR T2 (4% ¥ i A
SORTEETG IR T 20 26. 4% |, 45 FRRLE AT AN
VST T 22. 5% , 8 s 178 #L 2 H 3
B,

process as 100)

It H AR AR
TERS MBBR T.Z EHEHERTZ
B A 100 378
BHMETT A 1.8 8.0
A R AR 12.8 50

2.6 ESMIABE

Sk E Al i MBBR R A O, & L H A D
TFRRIE : ORI RE 77 58 , JI8 52 4] b 7E A At K i
Rz 3.5 CHYTEARL T, 4l i MBBR {558 4E K5 T #4047
(A0 2RI BB s @t /KRR AT, AR08 S B0 TS e i A= Ak
P B LB, AR T N 0 — 9% A FR i, &8 43 48 bk
SR T E PR IV 287K bR ; G5 B4 B[], 971
1, B8 T b AR Z TR, A Ak 45 B B ] AR
3~6 h, 5% M T ZAH M, 45 B B R) R 46 4, K
KA T ditth; @ TR R, BErT A 44
DIReSE B A, o AT AR A A A B Yy Ry Tt A B ffk , B
TEAEACE 2 5 AU s Ak i s A S R R

4lifiit MBBR T.2Z20, BRRAH LL BAF T.20, Aq &
e AT A MR RE R (R AN A /K 43 B g
Jav A i WK T, — GO, 2l
MBBR T2 H 7k SS <300 mg/L, FLJE ¥ A 9 i 1k
MG —E 25, 2k Ut ny g A 0F
ANIEEL, A AR TR 2E UTUE . 2l MBBR T.25°H
KRBV B T AR BEDITE % 8, 5k
A AN BARIK S E L2k R L, H
B TG IR L A TR A B B R, IR B X 5
B A WIRSRE JT REEXPERAL BEE AR

<42 .



www. cnww1985. com

JA R A, 5. shpE MBBR T ¥ /£ M Sheg 142 5 )

#3665 H22H

3 4 MBBR T ¥ B W & A H L

[ P 4lifiE MBBR 1225 19 K BASE W i 1 Ak ke

AWBL, 2T 52 T E A FER R 2B MBBR T2

5K,
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Tab.7 Engineering application of domestic pure MBBR

TAIBUK | WARKA I ‘ PR | AR
o mubm | ke | TR Socimnh | pokem
KRR [CSEEYS AR | TR + AT K PETRE K il 25 Bk
ey it it it it sl
S A 1] 2019 4F 2009 4F 2017 4 2020 4 2019 4

AFRE/(m' - d™") 300 000 5 000 18 000 30 000 1 000

MBBR Fir ik i e WEEAL B R Ab T e Y05
MBBR 3 Wl | WG | s+ e I+ FEBE
MBBR X 1H 35/ % 40 53 50 50 56
MBBR 11 &4 Bt [f]/h 1.0 6.3 — 1.99 14.8
gy, | PEAREE] R RO - S —~
(& F B . . P
Gk AR o gt e OB AT 05 (5 A
gope R ) (on[pURTS AR ATE S Wy s i b ) ( B HERCE)
3838—2002) I (EIDB 37/676— IV Ik 18918—2002) — &% A|( GB 18918—2002 )
K o) i 9 A b

3.1 IHEIRKFAIE

VLI K T B3t K & 30 x 10* m'/d, {1547
DIk, LA b A< 9 T I 1 2 A0l TR L s AE . T
M A K S R g T5 G, K BORAL ™ R, ME LD A B R
IR M ZEARAESOR . R m R R TR BN 2 A S5 R
FRAE7 H—9 A4y ilEik 9.1 mg/L Fil 1.8 mg/L, %5
IR BT AR R TARKINMERE o P AT H R H
BT TAL BRI IR K KR, B LR A 30 x
10* m*/d, LAt KoK R B 9E o5 128 R 2404
LIS HAR G TR IR Jr 22 Lok , SR P e 4 1R B0 70
Ak + 4l MBBR 720 + v e oA v % B2 T UE it 4
B L AT 2K WAL B ia T3 DL 8 .

== % (S

B8 IAEEKIALEIETIG
Fig.8 Operation scene of a raw water pretreatment plant in

Jiangsu Province
#ils MBBR AE AL Be A Fae K S (i 1. 8 mg/L
FERZE 1.0 mg/Lo SEPRBITER o BT

[ 17K COD, FIZ A HE 53514 4.5 mg/L 1 0.2
mg/L, Fg ik g MoK AR, Hp & /i
AT 0.1 mg/L, KBR & m a5 3 85% L) |
MBBR [XSEPRSK N 1.0 ~ 1.3, 2] HFEF1
{4 0.052 kW « h/m’ , LI 4 0.74 55/ (kW - h)
B BT RAR M 0. 038 Ji/m’,
3.2 WHREANTKAGIEE

I ZR F A Al TS /K AL B, BT RLRE 5 000 m/d,
R HAARIE T2, R K AT 5 K ZR A HEObR )
(GB 8978—1996) — Gt HE il hrifk , B % 52 4R 7K 1A 7K
JBT 225 Ak, BER B v A Bl i HE bR fE . T LA
XF1Z35 K AL B 4T K [ G , £ KoK
JEIAENC AR 2 2 5 38K 5 e W 25 A HE RO )
(DB 37/676—2007 ) , Jf i — 0 Ab B 3k 21| [a] F 7K Jot
BRI FHER o AR KSR I R
B S, T A ARt 22 B T ERE R R K . oK IR
TR R4l MBBR T 2% I A0 1 H /K 2R 17 3%
JEAALAL P, T AE G B AR e 1 U 2% R + b
U8 UF + RO XUBE T 20, Hirp MBBR L 204y WU
D TR P, E SR S IARE TR B AR AL AL B, i R
RGN HILTE Lm0, DAGR I e 22 AUV (1 1K AR
FE I8 AT FI G RS 4k fR B 45 . MBBR th 5 31 i 7K
COD 2y 120 mg/L, A AN 40 mg/L, SZPrizt7 3R
78 ,MBBR X Z A £ R FILH 90% L) I, ki
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SEKT 4 mg/L, BEATE 2 mg/L LR, 7Kk COD {4
FRE 40 mg/L LAF o % RGP0 nh i fE J7 5%, B 76
PEAK KB BRI 0L T, KSR IR F R ,
HURIE T 52 WU R G BT .
3.3 I"EREKEREK

IR BT B KR 1.8 x 10 m¥/d, A
& BUEK 4 115 m/d, 2017 4EXFZ 50 H st 474+
e, ER L KR EI LR IV 2K bR, R BER T £
90 A0 TS FETRFE Ab P i A 4l 5 MBBR,
— S RBRA WY R A . MBBR Bt thkoK
JRWL2 8.

K8 HREKRALITIEE kKR

Tab.8 Design influent and effluent quality of a water

FPRETTEE R R X RGP AR o, b
RORFRE KR
3.4 "HEAENATKLETH

TR R TG K AL BRI H BT K A 3 x
10* m’/d BE R B H T A4 3 52 1) BN P 4
PR A TSk T2 40 d SE H T
SR EAR . ZRAF R BT T2
SeEPE Sy I, B 2R T WAL B + 4l MBBR
T+ M B A T2 AT b B, 100 H 3
e AR L3 9, B4l MBBR T 2545 i At
AL 1.99 h, A=k 5 #5454 0. 015 m®/m’, 5
JEE AR PR FHAR S AT B T 25l e sk Ui B 5t
1k TP (SS 1 B, P B /K £ 348 bR d s ik 1) — 21

purification plant in Guangdong Province mg -+ L7 AFRUE. HIE 4L 5 SRR 0. 067 m2/m’ AL
2l cob BOD; | NH/ -N 1 KRR E IS ) g A bR, ZUEE MBBR
Lol , § - N
TR 0 0 ’ LB AATBORYE T 5T A TR R
Wi 1. ) v -
pithk | %0 ° > B, VAR AT KA FE L L 9.
R HREARNIJFKAET Bi& T HkKER
Tab.9 Design influent and effluent quality of an emergency WWTP in Guangdong Province
o H COD/(mg - L") BOD,/(mg - L™") SS/(mg-L™") | NH/ -N/(mg - L") TP/(mg - L") pH i
Btk 250 120 200 30 4.0 6~9
&K 50 10 10 5(8) 0.5 6~9

B9 ITHREARENIFKLERBIETHG

Fig.9 Operation scene of an emergency wastewater treatment

project in Guangdong Province
3.5 WHREFERAGRAKSE

BIRERA AT ZE S MBBR MIZ5 &, BT
MBBR 4 H 7= A L2, &4 MBBR L2 L.
RENL ) —RBHT o i B AR A My R AT LS B
X P TR A B R 2 4 A T 1 e 8 B, AT S B
S AN e A IR A IR A 25 14K
SbFR) K S R B ik 950 mg/L, C/N AR,

H s AT A HUBRIEH AR R, B LA iR 75 38 47 44 1 £
i ROK R E B & 1 BEREFE D RE R B T 20,
AT TR IR A E T2l MBBR A9 472 H
TR TE ARFEH KA <50 mg/Lo %50 H JGH
TR JCA HLERIEATBUI IO PR R A M Rl R £h
Beo R AR T ZRIEHE T R T, 558 T
TREFERERY H 9. %75 K) >R AT CANON &7 4
RULIE 10,

-

WHREFEHZ &AL IE CANON B #ik

10
Fig. 10 CANON suspended carriers for a pharmaceutical

wastewater treatment plant in Shandong Province
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3.6 ENRARLE

FEE N, g MBBR T 250 RN )7,
TERTS Lok A3 7 18T, 1) A ) P AE ARk It 2 A
TR R BRI e R 4 I MBBR AT ] 45 K
(R FRLAL 3. TRT T8 55 45 A 345 5 E Tl 142 7K Ak 3875 1T
4fifiE MBBR L 25 PRH: & £ £ | oy 48 i L 4 e 4
A i 2 S SRRz 0 T 5 TERR IR T AP AR T T,
TRE AR B SR A A, AT IR U Ak
BR300, T2 L F 4l i MBBR 1) R 8 2 A AL
FAR, 4n ANITA™ Mox' ™) NAUTO™ " & FF &
RUR KA B 70 A 15 15 /K Ab #3455, 28 MBBR 2
A RS AN R IS TR e R AT G
IKALFR) A E K R R AR G ST
4 4 MBBR %742

FEALE MBBR T2 i b, N TR 0 I 400 40
BT, FLTIUAL 35555 R0 A B A A (], L5 A% L TR
b 5 (R, AR 7K K BT 4R A, AT BB ) TR AR T TE
TZ, sl KB OR Y M AR Y o 2% 2R AR A P
TESATE B b S A MEIFRA G B L Z,
JIT AR B A0 B R4 F S T 4l i T 7 s /K R4 1R K
I3 8, BBR SS LLAGSRALBR i ; 4% 0 T2 BRI WG TR
BESGA U (DAF) S8R5 A B R IE W T
o L4 MBBR T2 B4k & 11 Fis

AL
Mk l% (R ok

i @@ oo | O® @
@|e” 8@
‘.’ @©@5$%H@9ﬁ

568 Ak Ak B 4lifif MBBR T.22 i T B
11 BRIAg 4R MBBR TE g4k
Fig. 11 Typical process route of pure MBBR

4lifiii MBBR T2 fe 20 1 A8 4 B 22 B3 7 g 15
T WA (G . 2 10 B2 T B FiE 2l
MBBR T. % Il 4 MBBR T. 2 MBR T. &
AAO T ZAEHE 7KK 5t BEASHH [R]85 0T 14 52 B 7K
ARBAIBT HRT 2720 WK 10 AT LA 4 Fiid
PR Z0AR AT LA 7K 3k 30458 e 1) HE bR o , {HL 4 i
MBBR 1.2 i iz A% T HoAth 3 Fp 120, A AR b b sk
FO 58 3% M5 e A 50% DL b il T Al
MBBR T AT 2 i3, 0SB b b 4514 25 20—
A, 4 MBBR 120 J5 22 K o i — iR
ST LE WEREE 24 IR s Rk, 5%
BT ML, SR AT LAY 48 80% 11 ' o 7 B4
IR, 1548 i M B R LR 7 S S AR AR
FFF ol PR e 27 BRI AL R 1% T RE A T
FR I 42, 5 Al B K ) B4 A T B gk AT A R

it

®10 AREIFAKTELER HRT 3ttt

Tab. 10 Comparison of HRT in different biochemical sections of WWTP

o H Nordre Follo 15 /KAL) | Wil KI5k FR) ™ | PO B G K AR ER T | AR G K AL
bR/ (m® - d7h) 18 000 160 000 35 000 300 000
TRATIT 4fi i MBBR Jei%4E & MBBR MBR AAO T.%
Btk C 3 12 15 12
HRT/h 4.95 12.3 9.33 10.35
7k BOD/(mg - L™") 139 130 150 150
#sk COD/(mg - L71) 329 320 300 350
PEKEA/ (mg - L") — 30 30 35
7K TN/ (mg - L) 42 40 40 45
H7k BOD/(mg - L") 2.8 2.16 4.9 7.6
7k COD/(mg - L") 39.0 18.8 19.1 31.6
HKEE/ (mg - L) — 0.27 1.1 1.93
H7K TN/ (mg - L") 9.7 8.43 8.3 6.08
5 it JE13AE, T 0, T8 R A T

UL N 15K T 4R b b T 2, o T i ) 36
(7 [t D 3 32 B o 7 e 3 T 050 R B ke 1 4
K, s He 29 AL B2 TS K AL B T2 A
MBBR T2 5iEET5 A EL , A 8 5, U 1518

HALE, o S i, X T2k oK 3 2 8 v s 5 MBR
AL GBI TREFEAR . XTS5k, AT LA
PRI TR i . Xt Tl T,
WA} ASE B A SR br e i, JUHOR XS T SBR 2800
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OO TSR o R Je R R i, T
STt A B, BB A e AEARAK TR 1 St o A

W 4l MBBR T 20K & F W R H & s
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