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Abstract: The operation performance of a submerged double-shaft rotary anaerobic membrane bioreactor(SDRAnMBR ) for treatment of synthetic brewery
wastewater was investigated. The results showed that the SDRAnMBR could effectively treat synthetic brewery wastewater, and the system not only ran
steadily but rapidly enhanced organic loading, had strong impact resistance and a high rate of organic substrate removal. During normal operation, when
influent COD was in the range 2900 ~ 5200 mg-L ™' and the volume loading rate was in the range 4. 97 ~12.48 kg+m ~>-d ™' ( calculated based on
COD), an average of 95.15% COD was removed. Because of the combination of membrane interception and the three — state rotating fluid, the effluent
quality and operation stability were strengthened significantly at high mixed liquor suspended solids( MLSS) and high volume loading rate.

Keywords: submerged anaerobic membrane bioreactor; double — shaft rotary membrane module ; brewery wastewater; operation performance
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1 5|5 (Introduction)

RE B & Y & W %% ( Anaerobic Membrane
Bioreactor, AnMBR ) J&— Ff &b B i ¥ E B ML K 7K /Y
A% T 2 (William e al. , 1999 ; Elmaleh et al. ,
1998) , - E i E A WERF ( Water Environmental
Research Foundation) Z¢ t/p £ f #F 5% E & Z — ( Choo
et al. ,1996). & X MBR i T REFEAR . i 8 I 2
(TMP) AN o 3 T8 AR/ S5 A0 R T A5 2 7 732 B9 L
A ,{B B 8i B A4 AnMBR #1247 J7 R LF LS E

EEWB: LA EFITAEINH (No. 2008GJJ08175)

M. B, R T EH L # R R B AnMBR H ) JE 5
e ln) &, AT /NEBE R T — B8 B 20U e 7% IR
S A Y & W %% ( Submerged Double-shaft Rotary
Anaerobic Membrane Bioreactor, SDRAnMBR ) , ] FH
XU e % B4 144 7 AnMBR H 3l J1 22 3 3% P AE Y
B EIA L 3 55 4R Bl RN A = A e % O, B
R BR BE b ya 4% A 4% ] R B 2 AnMBR #9 R T5 3¢, ff
SDRAnMBR 73 LATG 247 . MUl R K& H S5 W B Y
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AHLEAK, B TR AMAMELG, BmE S REEY
b 2 (f] 7. B8 55,2006 ; 5 it ZE 45,2004 ) . {H H A
WA K 2 3% A g B X 47 & MBR X LY B K 347 4b
B (9K 57 Bk 55, 20045 X1 B AR 45, 20045 i FE 4,
2000) , >R FI#E %3 AnMBR &b 35 R 5 7K 19 BFF 53 AH
Xof 85 0> (AT $#a %, 2005 ) , Tii 5% F§ SDRAnMBR 4b 33 nét

T K BB 5T 1 R DL AR B . 258 HLER 3 S R A% B9
MR B (R L), ARXBEA EHFEH
SDRAnMBR A | , X A 2 A5 401 M 37 % K B9 12 17
MEEMA Y B EBRBORETHR, LN
SDRAnMBR f ¥ i F $2 S SRR GE

* 1 %S MBR,AnMBR #1 SDRAnMBR #j Lt 4
Table 1 Comparison of aerobic MBR and anaerobic MBR and SDRAnMBR

IR A% 2 Y PR B

BB A4 A MBR AL BACR A B TR TR, T ATai A, Beys Re e
B® R AnMBR AL BEBOCRLF , T2 JBE5 3™ T, T 400 2K M U
SDRAnMBR ALBEBOCR LY, TR H, BT E JBE 5 e e, 3 Uk ] 6] B 4

2  ##5Fi%(Materials and methods)

2.1 IT¥wmA

SDRAnMBR 4 {4 5b 72 i A 85 9 A1 kil )i, A
&% 73cm, Hi2 R 45.7 cm, RE R A 1201, 5
25 SEU XU T 2 V- AR DB PR 2L A, XU e e e R
500 r-min ", 2 )i 88 B 2L 25 1 100L. SDRAnMBR
FEHTHILE AR KRG REEY RN
WAL VKRG N E R PR E R AN RS E
[AGMPLC BERS, KT ZWBEMAE 1 fix.

i i
> it :@ @d
- R

RRME

1 REAVNHMEEREBRENREFRIZRER
Fig.1 Flow chart of the SDRAnMBR process

HTAEEREN - KA N 8RR 2t K R 42
Tt e 5L # TR #E AR N %%, B PLC 428 R 48R A
WAL 4% 4| SDRAnMBR N B 7K {2 48 52 , 5% B 18] 8k
7K 5 b R B 5 1 ASCE 38 S A AR BE I 45 o XU
TG AR B e . A — R B9 R R, AT AR AIE R L

rNTE TS TR Y SR & , [A] B {15 3% T8 32 3] o Rl
By HKEXMNEAFEME S 1T, BB RESE
EZYR BN T &k B, B8R T o 2 Bl 3R HE T OB
AR ARA A K s, B A KR S R R, S
185 E S K iE T =
2.2 BEMFTRMRRAAK

AR B E RIS VR I B B M ) UASB JiK

IR F A B 400 M B K B ME TR A B R K
N T T A, DA LS A B R, NH, CL AR S RIR, B
B2 &k (KH,PO, K, HPO, ) Ry B IR, [F] B, o FRAE BT 55
FRREDEKMEEFTE, MAELHMETER
(MgSO,7H,0 . CaCl, # FeCl,6H,0) 2 E Jy % 75. 3%
C:N:P =250:5:1 (R BWEK,H+,C Ll COD itf,
N.PUTER & EIT) WA FTERS. RIEST1HE
BUTEFEK Him A — & 8 HY Bk BR 2490 LA 4+ 7K 19
pH {HTE 6.5 ~7.8 Z[a]. B K ¥ BE AR 48 A [l ik
B BT R FEAT R
2.3 JEMH

SL R R A AT BT R Rk (PES) , B B
=X BERHA R RS 4, # B 4r 7 & 5 50kDa,
JE B A BB TE ALK 0. 32m”.
2.4 KRB ¥ =
2.4.1 SDRAnMBR ¥z 47 BN RK iz THE,
RGEVRAMEME L, SRR BB SR
mf 146d, /430 3 BB 5 L BrBe R A s B, T
A 26d , 4% il i B o 32°C , #&2 il #£ K COD #1 HRT fif
R (COD AFR) N 1.22 ~4.35 kgom >d !
(LA COD i, FIR]) , BEHE%S 3 4 100 r-min ™", 55 2
W T2 E R (AR ) B, 217 60d, 5 %l iR
BESh 32°C , #=4i#E7K COD F1 HRT fiff Jz hf #% & FR ff1
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fik S5 ~12 kg-m >~ d ™", B E#E B R 100 ~ 150
remin ', B AE W) N A BB AT RRRE. 5B 3 B B
KR EBITH B, 1B47 60d, KR B R 32°C , #E 4]
7K COD F1 HRT fif [ . #% & R far 24 10 ~ 12
kgem >-d~' EAER B R 150 remin ', HF— %
ZR A ) IV 2% Y 3B 1T AU RE.
HBRIERE MR EZT, TFEREWN RS ¥
K B 7K B N A N U8 4R U8 HE K /9 COD A pH,
[ B, W 0 R 3 TG 53 b, 2 B 1 R 7 28 A 38 AT IR 2
FF e A1 17 M O o K TP B9 #E R BR (VFAL, LA Z R IT)
B (LABRER 45 T) -
2.4.2 MEFEFM Y% COD. BHMHE(ER
R R, 2002); MISS: E B % (B X H R B,
2002) ;¥ & FR A0 BE « BR BRUHR & T 8 vk (E KRR
J&5, 2002) ;pH {4 : pHS-25 FIFR BE 1 ; 1t ¥ . WZS-180
R A ( LR, Big).

3 K84 B (Experimental results)

3.1 SDRAnMBR # % % % &

I 8% g 333 1T 146d DAk, Hoak k| B K
COD(f&FR 7K COD) | Jz I #% P4 U8 4K g t 7K COD
(fATFR A5 7K COD) F1 COD % B R B2 17 B 8] /Y
AL 2 . BB 2 BT AN, JS BB B F- 1 COD
FRRBBAL, X R E N B S P HH COD KRR FAR,
BFESE 11d Bk B T 91.98% , )5 — H & 7
92% LA, BmHR 96.75% . TE T HEHRN B, £t
TR BRI IEI T ,COD R RMRBEERS
K, COD KB F ik 94.55% . fEFa B B 1T By
B BEARTERRE AT (11.36 kg-m -d ' £4) F
BT, F ¥ COD % Bi K AR 4k 5 176 8w K F
(95.75% ). 7E4% 87 ~140d [ Bt (A B, COD fy £
R—HRELE 5% U L, A EFEEZITE 141d B,
COD E£BFRAMA T W X fe 2t TR HEFT
V5 VRIE M BT TR, VFA 7+, [ A, 4 4 % R 38
AR mERE, MAEYRE YR BEREER, H
COD £BEHRATHET 1% ~2%.

FE 3 AMRIR B B, Xt H K v B HEAT TR, & B
K B B R E 7E ANTU A F. B i, SDRAnMBR
it b B AR AT B S BR AR . 31X — 7 T /& MBR X 3 BF
W) R Y A AL R A% AE I, SDRAnMBR 5 ¥k JBE A ) &
WFETE, (R A LB R e R B B3 o8 o5 — T 2
R EY R ERE , B THEYREBEUEERES
AR FEAE , B8 AT 0o e 4% B 7 4 B B AR AR

VAT 5 , SDRAnMBR b B A5 61 M7 % 7K , B
A e B | 1 4R PR AR LA & R R
MLMHZBTIERRE. X EZ R H T SDRAnNMBR
B 3 2 W BT B AR 3953 4 08 = A e e R AR
B, fn B REBRLIE B FE A, &/ T COD £BRF
Mz T E k.

JHEMEB,  TEEEWME  RESTME
i r 100%
8000 | e mmmmarrns, s % pirartss : o 90%0
- 1 . (]
i b H
7000 | 1 : Is0%
6000 |- 7[ : 470%
= 5 3 ': J600
2 5000 ,: [P "i_"f-.-.-'y-"'-..—"-"'-' 60&@
E 4000 | ~ P %
5. ' ;e HBKCOD 1, 7
- H 0
SR [ —» HiZk COD %
ook F | —a- sy cop 30% ©
!# [ —»— COD #B%E  120%
410%

0 ' " 1o
0 10 20 30 40 50 60 70 80 90100 110 120130 140150
BT R /d

B2 SDRAnMBR #j % COD 3£
Fig. 2 The COD removal by the SDRAnMBR

3.2 EARBRIRETREELRA

AW S g WA RV, 5 AT A B R AR
¥ & E B V% [ & (MLVSS) . MLSS I MLVSS/MLSS
B2 R an &l 3 frw. B B 3 AT, 76 3 Mk By
B MERBRAMAERE(H 1.22 kg m -d " E
12.48 kg-m >d ") ,MLSS f 10.5 g-L '} % 19.55
gL' MLVSS f 3.78 g-L '"# % 14.17 g-L°",
MLVSS/MLSS H; {8 7E 0. 36 ~ 0. 73 Z [d]. iX % B
MLSS FIi5 e EHEE BB T —E B ENRS, 151
PGB B ALY 2, H SDRAnMBR H Y75 8 1% 7%

B HAth AnMBR Z 5.

301 e -10.80

28F FEIBITI B

24 UE 2 B WM

22+ —10.70
~ 20}
= 18f & -0.65 %
) *
= 16 =
B 1l / 060 S
%= 12 §
oz} [ x 0.55
& ]0!“*/// E

8 L

. —u- MLSS 0.50

----- MLVSS

4 ° ,

5 —*— MLVSS/MLSS 045

0 /* I i 1 ! L 1 L 0.40

0 20 40 60 80 100 120 140

BT RH A

B3 #AKME MLSS f1 MLVSS RER B R Z
Fig. 3 MLSS and MLVSS in the bioreactor over time
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3.3 EANARBITBRNRE.VFA fm E/VFA i
A
B4 80T 3~ 5 BBl K R | i K VFA
o EE/VFA HAE Bz 17 B A B 2R R R A 4
AL TERR B R T2 R B, B B 2 B A A Y B
m(H 1.2 kg-m_3°d_1}|‘§ 12 kg°m_3°d_l,|':|:'|7j(
VEA G248 b 38 fin ( vy 500 A BR A1) s 7K ik B 0 2
AR K, TR E/VFA IWERR ETE 3.5 ~6.5 ol
. 7E i 77 R, VEA B iE BE AR K (4 5
650.36 mg - L™' 1 865. 48 mg- L' F+ & 1200. 2
mg-L ' 1320.36 mg-L™") , M A% B/ VFA HfE T
FERIEE BB R (45 HH S5.3.5.0%42.6.2.7),
EARTIEABIRM Z a7, tad 3ok LR 1k
MARR, ZRENMAL TFREZTREZP. ERE
EITH B, Hi7K VFA % 400. 12 ~625.48 mg-L ™', F
¥k 476. 57 mg- L™ B{E R 1597. 12 ~ 3529. 89
mg L', SE#k 2370. 65 mg-L ™" ;B E/VFA HEH K
3.9~5.3, ¥ 4. 14. HB B2 AR 6 7 AR AL g B
BN, H7K VA BEIE 17 B E] A E K T 218 PRI E 2
FaEAE 500 mg-L 'R, HETESS B /K VFA 4 fif
B X2 B KB B 17 55 Ue E R T R LAY
B/ VFA AR ETE 4.0 24 , FE 8w M 5 A (10
~12 kg-m -d™") FK#iEFT, VFA BE R, H
7K VEA FIH%EEVE B 98 , AL B BOR TR & , #F— 2P Ul ¥
SDRAnMBR H 7 b B R 50 2 A 45 5.

— K VEA =P R BIE —*— B /VFA

10000
EEEE
9000 f LEHRG B 47
sl BB
LA 16
7000 ,Jllm
Dol T B
26000 ] <
& 5000 + l %.—4 Z
= 4 : 8
& 4000 | N
s I
£ 3000 El J
I 2
2000 4 %»
r »
1000 [P 1
P ——————
[-## 1 1 i 1 1 1 1
0 0
0 20 40 60 80 100 120 140

BT RE

B4 VFASWEHXE
Fig. 4 Relation of VFA and alkalinity

4 1Fif (Discussion)

4.1 # /X COD Xk HRT & % v

WE R A HRT Z #7507k COD 32 #3 fin

A B E AT B 7 s, 78 8 PR b 32 8 28 R AR A B A 1
T, %% 7k COD & HRT %f COD =, 3
AL B Be HRT F28 B fiF Xt COD 25 R 3 A9 5%
JLE 5.

30 BB TEHENMB | REBTME 2100%
3 g 0
| 190%
2 oo
7 ¥ | A~ HRT
! 170%

20t #«a e R ‘
< L7 . —*COD KR | 60% 3¢
T bt | P
£ | Ll Il
Fof e tarene 18
Tor Pee 0%
= L h
gl v o Joo%
o |

/ C o d10%

, 0

(=1

1 il L L 1 TR
20 40 60 80 100 120 140 160
BATHH /d

f=J

BS5 3 MAKHE HRT MFMH X COD XBREFHHM
Fig. 5 COD removal rate at different HRT and COD loading rate

during stages 1 ~3

B &S "I, TESR BB HRT 3Ky 16 ~24h,
#E7K COD A 3% fin 8 B &/ (P 1223 mg- L' 3 &
2900 mg-L~") , %} COD EFRFRIEATLE M ,COD £
FRFFEETT 12d J5, —~ERETE 92% LA k. 2 HRT
4y %1% 20h #1 16h B, #F 7K COD 3k 1750 ~ 2900
' H7K COD 4K, 4 81.36 ~152.3 mg-L ™"
E T EZEME, ¥ K COD 342900 ~5200 mg-L ™",
- %M HRT MR G AHEHRRAMH 2 11. 0
kg'm d "' 74 ,HRT G217 K %) 4 B B N 14h
(16d) .12h(24d) F1 10h(20d) . fiZ HRT f F& A% 0
7K COD Hy3 i, F2 f #5% i 258 AR 6 7 38 g pke, (H
RN #R a7 8 E ,COD ERFE—~HRRETE 92.0% ~
96.5% 3Bl P, COD -3 PR K 94.55% . HE7E
P S far iE, COD K BRF A WE A PR, — MFEAR 1%
~2% . TERAEBFT W By, #E 7K COD % 4506 ~ 5036
' HRT (3217 KE0) 4 #1i& & >4 10h(38d) Fu
10.2h(22d) , R i #7217 82 €, COD EBRE —HR
FEFE93.0% ~96.5% Y N, COD -5 2 B K K
95.75% .

By AT WL, 7E SDRAnMBR & % #, # 7k COD
H)7Z2 46 F1 HRT B3 %7 COD L BRF M Fm A K,
R EERRE XERERAARRIBRTHE
BARAEF 5 ~12 kg-m -d " Z 8], WA R AEH
& A A N IB AT , IR AE W VT A FE 4 R il e P
FIAB WY, F I, ZE AR #E K COD F f A ¥ b4 ff v

mg-L~

mg-L~
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BH) COD EBRBEASHHB MR, 550, B 1E
Fi 1 SDRAnMBR 7 f) ¥ 57 46 585 L e = AH e 5%
RN BT 5 B PR R B Bl 7 2 e R N A% R R L 5B
T MLSS TR & LR, HmmERALT EY
AL E B KK B, ARIE T COD £ BRRA B B H#
Z 3| kK COD B AL M. A SLIG R 58 A e £ HRT
o 10h 245, B COD KBRFEVRETE 95% £ 4.
4.2 GRERA COD kB F

H IR B0 45 5 7T 41, SDRAnMBR 75 U8 1 1 L 4h
B AnMBR #1975 U8 & ¥ (1 3, 2007) (— &%
MLVSS/MLSS l{A7E 0.6 £4G) BERMBR L. X2H
PR BN A5 B IR RLT5 U8 R R V5 R R AR A,
W T X R Y BB A 5 — T, BT IRAE
Yy I 0 5BURL TS U 1Y AM 2B A BB 3E ¥ (Alphenaar
et al. ,1993) , {# F.¥F SDRAnMBR 8 2> T N #{&
FREIBRE M T EEAYN SR FFTFEFERMN
BU M. K I A ok Ao 1 BB R B A B AT AR AR
A VR B, 3 I 2 A B R R B L R K BT R
B [RIET, SR E 5% T8 AR A R K ) 2 5 5 i 5&
T AT BB A AL R, b R TE R R,
MiRE T COD £ &K,

FEi2 17 J5 #9, MLVSS/MLSS [ {8 A /MK -
F,/H COD ERRFHAH FHE(E 2.8 3). X2H
HFEE 15 R (SRT) FEK, 15 Ve ¥k BE 3 N 1M & = 4
FRARXS 2L Z , T A0 B T A 1 A AL B R A
Sk B FE V40 T Y R B RN R BN TR R IR BT R AE Y R
BEMERB =W (Z ARG F) HWEBRBEN
MLVSS, {H3x 2649y i 3 Jo 36 ¥ B 6, AR W _E &R
S MLVSS FHi& , T COD £ EEHA B F M, B
B 7 AT HE V.

4.3 @ JE  VFA fumg £/VFA 5 SDRAnMBR ¥ &

SDRAnMBR E.7 i 7k VFA F 5§ B i 98, &b
HHCR TR E MR X FE R H T SDRAnMBR 3)j J
25 BT B A 3 S AR | 38 4 B 3h AL A = A
TE 5% P BN K R 3R AL T " MLSS N YR & F % i,
fff VFA R 5 1 R. It SDRAnMBR {35 17 14 BE B B
HhF E A5 (2006) R F — 1R X R AR BE A Y
N AR AL FRIE TR OK i T M RE (M A B KT
10 kg-m ~-d ™', VFA “E R, Rk, 4L F AR
JEETRE).

4.4 EBRAFRBEATHEH
4.4.1 ERFAMKCOD kB FEHFH MK

BATH B, A A fT X i 7K COD i1 COD & BR & [
FMANE 6 Frn. & 6 A1, RN 25 7E 5 s B X &
BRSSP A X L3/ (1.22 ~4.35 kgom ~-d '),
ARG F¥ COD £BRFEN 81.13% , X & H A M A5
P EALTE YA B B, 38 W& A 78 43 38 L #T B9 3 55, T
e 4R = o B, B & 37K COD Je i /K & /9 3% i,
BN A% B 2 B G fT AR Ak B K (4. 97 ~ 12. 48
kg-m >d ") X} COD % [k % f % i K K, COD
EBRE-HAEB R KT, RGETFH COD ERE
H94.55% . TERG FE B AT B B, B A% Y 25 AR A fr A2
LB /B 45 75 76 B K F, £ 100 52 ~ 12, 09
kg-m-d"'Z A, COD £frFERE, FHEBREHN
95.75% .

COD 2 [ 28 il 25 FR 67 A9 5 in 177 3% Jn . 28 AR B
ik 1.22 ~4.35 kgem >d "B}, COD £ FREE ik
P AT R 4.97 ~12.48 kgem -d "'Bf,COD &£
FRBHMENE, I8 T e ; A Rafrh 10.52 ~
12.09 kg-m >d "B}, COD LR EHEABRETE 95%
K NE 6 iR AT LAE H, YAERAM /DT 4.0
kgem >d B}, EH 7K COD /NTF 100 mg- L' T 24
AMAMIE4S4.0~12.5 kg-m >-d™',, JEH 7K COD
KF 100 mg-L~", 3 b & 25 B 6 o 9 FH i T 3 K.
Wi, A F R E&EENERAETRH 10 ~ 12
kg'm *d "', b} SDRAnMBR T.24R 4 5 i B 34 fin
B, JFRETE B R AR A M R g BT

LEHEME
3000 —— T . 100%
L ‘*?l PP x mw.l * X
2700 * *? 490%
2400 JA BB L 180%
- = 4709
2100 N 1 B 70%
o - X 4600
T 1800 [ 60% @
°E°l500.- : A H'J'7k COD -SO%N
g 1200+ # *COD £B¥E  440% 8
O 900} 2 30% ©
600[ s a ioa {20%
L A
- - 0,
300 I R masn M&A “&’A a i 10%
0 1 w 1 1 1 i 1 1 1 0
0 2 4 6 8 10 12 14 16 18 20

AR /(kg-m>-d )

E6 BFRMAMX COD KEREMRM

Fig. 6 Effect of volume loading rate on COD removal rate

4.4.2 AHHRFX COD FBREHNHm  HE 2 M
Bl 5 AT RE b, FEB 1T B5 47 A1 67d, 7k COD
SEWRAR K, X 2 T 0 R A W R % i e ot £ A
THE FERNA&BITEES, T 2K KR
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15 BIFEIBATHO S 47 70 67d BB B T W6 Wk v
. XK o o AR v R A 2 AR B 7 3 R B AR R
KB H K COD KERFTA KT 92% , Hi—iz
TTHRERT 4% 24, Wk s fifi; COD KRRy
1 12d 5t EFH = 95% LA . B A L, wh o A
5K XoF BB AR W) S I 2% ) 3B AT OR 72 AR R R 50

S 45 R K U], SDRAnMBR 4k 2 ML J& K B A
Bt e . A EEN T ORER
NMENEREER EVRARER NI RS KE
T AnMBR #9377 ; @ BE Y 5 &R B /R AR IE T
KK B %e % ; @SDRAnMBR 3l J 2= i 3% fir R A 1Y
Y594k 550 L F0 = R e B U RN, R SR T &
MLSS T #1R & Fif% BT, BB T 34 58 T &R 56 19 T o 5
T REJT. B KT 5, SDRAnMBR R 4t (9 it o if £
firRe 1R 5% , H B RBAR Pk B 18 € B 17 M R BE
ROEAWBERAR R 11 kg-m d ™ .

%t F AnMBR AbH A T % K, — % % A 8 HRT
K12 ~184. 8h, A A AR TEE R 2.0 ~ 10
kg-m >-d~', HETHY COD £ R KT 92% ;24 HRT
KF 12h B A &5 80 R &R ML #% & 48 (10 ~ 20
kg-m d™") A AR A COD % Bk M B 58 8
R IWARTE (PRLLZESF,2007) . A TR E BT Hr
Bty HRT 2k 10h, J I 2% B9 25 P47 75 24 10. 52 ~
12.09 kg-m - d ™", B K R B0 R R L 8% R 4L, BB
COD E=BRBEE, ¥ COD £BHR K 95.75% .

FRABGEREN, XA RGN BRERIESH
% : HRT 5 10h, & 1 1 fif & 10. 52 ~ 12. 09
kg'm >-d~' MLSS 4 18 ~19.5 g-L™'. ftBt, RS 7]
RBE R EMN B KME K COD KRR (FY
COD EB#HEiX95.75% ).

5 4518 ( Conclusions)

1) 5k F§ SDRAnMBR b ¥ A5 $0L ML B /K, 7E 4>
REHE, REEARBHRE. AR ESR. ALY
EBRBRMBITRESFF A FEE®FBITH 120d
H M3k COD k2900 ~5200 mg-L ™", 5 F A f h
4.97 ~12.48 kg-m - d "' B, COD B £ B %K
92.13% ~96.30% , ¥ £ E K 95. 15% . [F B,
A RGNS A B R BRRCR , K I B R E TE
4NTU L.

2) &RGei K COD (72 4k HRT Ky 3l F1 25 1
o B9 & & X COD X R EF M E WA K,
SDRAnMBR 217k ¥ F & , & Gt 0 if v 972 fif BB 1

R, BARZE 5 3& L3 0 i Bt , R RBEE R = AR M
i TREETT. ARE N BEERIESH N HRT K
10h, A A fF K 10.52 ~12.09 kg-m >-d ™', MLSS
K18 ~19.5 g-L ™" phit, AT k45 H PR E /Y K f 4%
W COD £ BrFE (FH COD EREF/BE
95.75% ).

3) SDRAnMBR RE7E 3 & B9 7 (10 ~ 12
kgem d) FTREBEBIT , ALK ERILINS,
K VFA FpREEE 52, b BEACR i B €. BER
EIBITHIE], #i7Kk VFA %7 400.12 ~625.48 mg-L ™",
S-¥4k 476.57 mg- L' B 3 R 1597. 12 ~3529. 89
mg-L ™", 34 2370.65 mg-L ™' ;5§ B/ VFA H{E K
3.9 ~5.3,F# K 4. 14.

Hig . R OB HZEARARK (AT ARAI LS LHKF
BMSXRFFREHFENFIRFIR T LB, TRIBHEAR
TR XA A B

BREMFEEEM: R (1964—) L Bl HBR(H L), BL 4T
Wi EENERENRE B RALBFRRT, KR *FAREX30
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