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# E R MABR BRI T %G MR V5 K AL B uh AT T okl , O 7E IR CAST L2 g m
MABR JEZL1F, FEprd i, M SEBLRT A b R e i ks s R, BT T 2 it V2R b % Ak 3
R, LAFEHIH KK . MABR RS A4 158 1 25 A0t (0BT 1 1 M A4 1, TC 75 7 2 Ak b oA B 3 15 7% A
T, HBERESACRE . REREIN, ETEHNS AL, — MR 850 Ji-m”, Bl T 15d, HAGE
T AN B AT AR A3 . ki )E , MABR BRI A ) I R 25 09 S R E K ¥ 0 39 mg- L', K (E R
3mg L, FHRERFN 92 %; TNIEAKBIME N 63 mg- L™, HKBIMEN 11 mg L™, I LERFN 83 %; TP K
BIE R 7.5 mg L™, MKIER 09 mgL ™y F¥LFRZEN 88 %; CODHE/KIHE N 367 mg L™, HKBEN
35mg L™y AN, GGG SR E A B 38 A 2E B B AT AR KR IE K A B K TP AR T 0.4 mg L' &),
5 K AL B K K BT RS RE Ak B (RIS K AL B YS Je M HECRR T ) (GB 18918-2002) — 4 A #Rifk .

XH#IE MABR; JHBRES; AWK, BEA; At

IR AR BT R A 2l i v 22 SR FH A 8 IR A W BRI N % (moving bed biofilm reactor, MBBR)
SRS W) [ s (membrane bio-reactor, MBR) &8 T 2212, 386 T2 A AE — IR ME e R L TR A fkitb ek
WMEEE R SR iE AT RERE K . BRI S Y ST ARk, BRI KL %% (membrane aerated
biofilm reactor, MABR) T. 2% LA H X} i & A 3K AL BEPE RE iy . MR RCR & ML FEAR AR, B 7
15 K40 BRI H A A7 3 6P, MABR T A SEGE TSR R G A L, REFERT FRAK 75% UL L, 7ER%
BT AT A BRI HT, HAT, MABR T. 27— Ao wlXis Kb B ke B rh i i £, #ei
TR A H A B, (AT K AR B Sl SR bR i A A

AR CHE S MABR L2 7EAE 5 i X RS 75 7K A B St s b it TR A A, B AR T MABR &
G TR WRECE AT S8, XS AT WA 32 S Y ) A SO AT TR IE,  [RIA
IR T AW Fa AT S AT T 0, MR R 80 T A 7e 25 TR 3 H By g 4Rt 2%
Wi B E: 2020-08-11; FEAHHER: 2021-01-29
HEEWBE: Jr EPRBA BT B L L I H (2018)
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1 ImE#R
1.1 AEMERFKBEER

1245 7K AL BE T T AL BEHLAR R 1000 m*-d ™', SEPRiE AT AL B R 800 m?-d 'y IG5 /K Ak B 3k R
B KK B 2 IR TS K A BTV G M HETSObR #E (GB 18918-2002) ) Hre“—2 B AR, - SEbrik i
AKOKBTWER 1o FAHRBGENT, TH5KAEIR S K K BTER I B« — g0 A bRiE”, AR TGl et i
IKIK L35 2.

R 1 BUEHTEE L KK R ® 2 FRBOER TR L KK R
Table 1 Influent and effluent quality Table 2 Design influent and effluent quality for
before the upgrade mg- L™ the upgrade and reconstruction mg- L™
KZKEE  cop HA TN TP Ss ik cobp BOD; HA TN TP SS
HEAK KR 330 48 65 8 160 HEAKKEE 400 250 50 70 8 200
AR 83 26.8 29.2 5.5 14 HKKEE 50 10 5 15 05 10

12 BEREBIZRE

Jor 3 KAk Bt TR Ry e B T SR A A — MR TR b — 1 25 20 P15 Je (cyclic activated
sludge technology, CAST) ith —%8#ME B R >HEA . 15 e AbBE T 2R . CAST jth —5 Je fifi it — 15
PR —oh iz . 0BT 20 CAST T2, i 240, R4 m kK IX | A P 5 XORD 35
X 3 #4020 . K IX 4 R SF R 5.0 mx1.0 mx5.8m, AE ¥+ X + 2 K74 5.0 mx3.0 mx5.8 m,
F N X AR SR 5.0 mx9.5 mx5.8 m, A RUKIRIY R 5.0 m. #EK XK I ERBTEY 1.2 0, AW
VEFE XK 45 B IR Ry 3.6 h, 3 SOh XK Iy 45 B B[] 24 11.4 h, 3 0y X35 Je 5 g (L& T o
MLSS 78 #E 1) BOD(kg) i1, FIA)) 50.07 kg (kg-d)'c BB X A KB LR, TRV KA
WoKBERERS . NI . FIRTEIRE WAKRRAMILB RS, RO RPLSA
1.3 SR IBEBUE LTS

JEE T X 2 7K 7K K I S S N AR, X R KK A TS A TN AR A, S B i K R RN
AR, WHEAE, SECCAST MG YW farm B et 22, HRKARRR. ok, itk
TR VR AR N RN AL 2 R it AR W B X B AN L S R OB R DS A PR ET I R DS
& EC KR IR AR R

PRLIG ¥ K Ak B ol i A% O A 55 4 S AR B A RGeS R T A
PR, 75 7E o Al R ek, R E AR AR A R G NGE T, DI AN IR BR IR K 1Y
Ghis b HE 9
2 F RIS S
2.1 BUSERIEARR

MABR J&— Fj i 52 54 A g AL S R b 2 A 1) HoA WS AL SRS AL DI RE A W I I R 4% . 28R
P SRS ok R R R T 1) FEE AL A BB A L e THT B I AR I L A W AR UOE iU U L R
SRR IF [FD S A ML R A RS R 5Bk . AR RE NS AL TR A IR AR, Ar S AR A
F3, AAELBREED, LR TZRAESY, 8% AE AR E MABR A, 55200 A R
MZPIE N — T Z2ZHE RS LK DY, B EEER AL SEYRRGHBMHER . 2T 24
HFRGEY, WAL kA AR R, Wk AR B MABR AW I, R A A B
b 52 N7 BTk R oK P MABR BRI $AS
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Fig. 1 Schematic diagram of the MABR main process reconstruction
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22 BEMELHEAR

1) 76 L CAST 8 A= 9356 4 X P 1 25 MABR BRZH 4, BV 2% A= ) BE 5 X A% 1) 2% 2 4 MABR
B, UL 4B . I CAST Jth it /K X SO IR B, JiE CAST W 32 5 I X 7 SR B4 B

2) MJE CAST Wiy £ S 3 0%, 1 MABR AR FOIE A i, 4R BE T A e <.

3) PR ER JAL CAST fth rp i /K B FE 2% . A AL T IR0 3 28 ANASF I8, BT /K 2%, ol T 4% 75 e 28 g
A R B A A AT R R B

4) Fr i Ui 5 U By, A MABR R GRS R [

23 RIHFEITESH

1) MABR E T2 ol , A K it A i) - g8 elods 7008 34 R 150 4%, e RAB A R <
REMT. LA . HIL, CAST i AIEAT B, JRAEBK ERAEEH A 1.2h, §AAEBN 3.6h,
IAABC 11.4 1

2) AL R G BEIHIE YR A fr 0.155 kg (kg-d)™", 15 EIKIE 3.5 L, R FRM CLET
BOD, X} 3 15 7K B 4% K PR 2 774 (volatile suspended solids, VSS) Fittit, FI[A)0.5kgkg!, i&17iH
WA, 5 R A o 100%, GF AR 6 W i AR 45 I TE 3~4 mg-L™', J5 ] MABR A= ) B LS
A HI7E 2~3 mg L',

3) Ak R Gl Ak D i 2 b A S B B TR 1S M TS TR AN MABR SR I 19 AR W RORE, BN RS
fiffb i (L A i1)36 kg'd™!, MABRZEW BRI RS AL AE ) 53 RS 9.5%, PR T L 7
far (LA AT K 2.6 g:(m>d)", #&if MABR R AR 1 382.4 m*, T MABR i 3% 11 1 480 <R H 3K
B TAF A B AL ARG, MUR R R G AR AT 2 B MABR A b7 A, JCFE
G KL

4) MABR #0403, A% 4k 7 81375 45 B 78 200% 2245 . MABR A=W 5 380, A3 Y W (R
AR TE] 3 H

S) BRI U0 1 8 2 K%, FI RN SF S 8.35 mx4 m, FEI AT 1.00 m(m>h)

6) MABR R G JL i FH 4 2 B2 4. AL PR h S e 4 i 22, M R (PP), HAET)
AN BEERCRE RS . RGPS RS R N 23~26 kg (kW h) ', HES PR K EE R 2.2 m,
HhE 1.2 mmy BEJE 0.78 mm;  HH H2S ZF 4R I 22 21 B0 S TR Sk A SO TR 1.2 m?, A A A
1 288 ARk ALk, BRI E S 6 m*h'

3 BITERESH
3.0 KERHIZERME

MABR £ & T2 s 47 P KB o 3 B Be . MR BB BL (0~15 d); A=W BEIE 1B Be (16~

50 d); AR LA B (51~90 d). TR RIZK IR 12~23 €. MABR £k T ARGE R, SR 1K



%6 B 1% MABRLZAET5 /KA B R BR 0eE H iy v 2177

KU LI 30 o, #EZK R £ MABR % 3 MABR F & T Z T35 17318 7k 7k R
HEAL Gk . K HURE SO i k. Table 3 Influent and effluent quality during stable
R IUL ) N —_ > : : J7!

41K K A B T A B H K TSR, *A;k; O e P

y . e Pl d— oz ()7 COD AR TN TP
A SS F5 AR HE & e S5 TR B Ak BB AT RS TR B IO

K .
32 MABR XTI ZRHGMERNERER - 7 TN A
KK RE 35 3 11 0.9

18002 17 B B A= A 2 48 2k 7K & AU 8l B

AN HEKEIE 0 44 me L' MABR BEALF4) i « o

B B (0~15 d), A EKIE N 47 mg L, ,
WK ¥ 30 mg L, E 3 R R N 36%:; 50 )
MABR T2 A WL i Bt (16~50 d), 2 A i = 0r "
IKIE R 44 mg- L™, HKIIE K 19 mg L, F 2 ) w@
W RBRRN 57%; LW IR A B (51~90 d), EN-XA. +%@%:$N
FAMKIE N 39mg L, HKISE N 3mg L, ’V‘l ke 1
P RERER N 92%. A TS AT BE L BRR RS 1
WG R o & W Bt K = RS bn A A 17 B R R At o Iy
2. 2 AT, MABR 41 £ A 1 0 it

(0~15 d) K AR, KBRRE/D . XAl fE B2 BiRNEFHEAERYER
RIFEA RS CAST 1.7 |1 MABR T. 25475 Fig. 2 Removal efficiency of ammonia nitrogen

TR AR W R 2 R A AR A AE ) R D BT B BT MABR A% A I A5 28 S o S ) R A
NI, BF3 AE R5E 3 1T DY )2 DA S0 SR A TR s AR T8 ) o 32, R EE T A AR VR . B
& MABR B4 14 EAEY R IE L, LS AR RE Sy s, & A L BRFAE (15~50 d) Pt Kk,

AR R, AW N & A S (DL AT iTik 3] 0.5~2.5 g-(m>d) """, MABR & 817
Wim, XAEARGEHAX IR KARETNE R, DA LEER23~45mg L, —FFHEN
3.5mg Ly B XN A MABR [ i FE A 1382.4 m®, MABR A= 9 5 i S b il Ak B fr (DL 2 &
I 4 2.0 g(m*d) ", EREBETTEREA N 9.6%, AT LN SE Y5 RIEE &7
[ A SR Y 5 i 6 B, mixed liquor suspended solids, MLSS) ¥J{E 4 3 500 mg-L™', 4T 5% MLSS FJfi§
fetifar (LA, TR 4 0.026 kg (kg d) s

FEAE VIR B, AR K R A AR, H A2 HEK @ B far oo S e B 2 . 3X U B MABR Bt
thii e ) B D4R T o AR K A e R, W R IR R AT A AL, AT IR AR
BCAE Wy B Ak 07 Ang AR A S0 BE I P TR Al Ak £ Ay
33 MABRETLZEZ 5 TN HERIER

JH 1S 15 By Be A AL R G iE K TN B s/, KB h 65 mg-L™'. MABR B 40 74 4] 16 $¢ i
B B (0~15.d)TN K 418 Ky 66 mg L', HiKIEME R 35 mg L™, I LERAN 47%; Y IEIE LBy
Bt (16~50.d)TN it K4 {E K 65 mg- L™, HKBME R 18 mg- L, FHEFRFR 73%; A= Bk 2B B
(51~90/d)TN HE/K 48 H 63 mg- L™, HI/KEME N 11 mg- L™, FHEREN 83%., BAIRIE T B
EBRFERP AR, Bt oK TN ZEfL WK 3, R CAST RS TN LBRFL4 0 55%, HiK TN G
Hibtr. REUGERES, TN ZLBRRIAF] 83%. H EZ N T RE & R G mibae S 10w, A 2Bk
R K [FIE G A9 Ui e T AR A Ak R G A AR SR Ak BE T S R A
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3.4 MABR XTI ZZHG3 TP HIERRTE 80 120

JAIKE 17 B BL A b R Gt oK TP Bk B {H 70
J9 7.4 mg-L™'. MABR JE4 PR 40 6 50 B B (0~ 60 1100

15 d)TP Bk 1 K 7.2 mg- L™, HKE Ky 5.2

TN/(mg - L")
N
S

s
mgL™, P EBRRN 28%; YL W B oo {50 %
(16~50 d)TP HE/K ¥ {5 K 7.3 mg- L™, /K ¥ {H 30 :ﬁﬂﬁ #
H24mg L, FHEBRER 66%; YN 20 ‘ A FpE 60
BBt (51~90 d) TP #E/K 41K 7.5 mg- L™, K lﬁjx
PIE R 0.9 mg L', FILEBREN 88%, 1HiXIH O 1 e (5 w0
6] 32F K TP 1% &L WLl 4. J CAST R4 TP 1Y Ef
EBRA4 R 31%, HK TP Lk kbr. RSk B3 RIFBUEEH TN R R
FES TP LB RikT) 8%, X &M T RGN Fig: 3 Removal efficiency of TN

T K K X AR N R IX, R EAE TH
FIRERE S F s [RIRE, 37 ) o0t o] HE 1R o %
156, WREH Tk RG AW BRBEIUR .
3.5 MABR XTI ZAH%4X COD HERIFER
PGB 1T By B AR 1k R G it K COD U 8 1%
Bk, HEK¥IME N 351 mg L', MABR JiE 40 4
W16 £ By B: COD #E /K ¥ {H Jy 342 mg-L™", iH
KIME N 139 mg- L', P LBRR R 59%; &
YRR B Btk oK ¥4 R 332 mg LT, M Ky
{Hh 87 mg-L™, P LERFER 75%; AWM,

—_
(=}

TP/(mg L)
O = N W RE W AN 9 o0 O

B4 7 [E)/d

B LK K 367 me LN K KA O B4 SRAEGER N TP AIRUR
35mgL, FIEERFN 90%. 45 Bt K Fig. 4 Removal efficiency of TP
COD AL ULl 5. eIl 5 A1, 146 $m B B

600 100

K COD #my, KBRFETIE. X EZEEHT P
AL FR Gl CAST T. 22 [1] MABR T. 205 ¥ i3 72 500 ‘
H IR 4 Bt MABR AEW) I R B B, 0 S BT 1
BREERMN, BNREEYEANEE. &
Y Y B0 2 BB BE, R 4t COD L BR %
PRI R, R H T A B A Y s s
36 MABREIZMAZ/RAREBITER 100
PEAR s 5 TR 4 A BR AL A 800 m*-d s

A B - CAST T. 2ot MABR 1.7, 2t 0 15 30 45 60 75 90

$ 7R 9 1B 850 JC-m>. B AT CAST T2 Bt atTHEye

T BERE N 0.65 kW~h-(m3-d)’1, B M L 0.5 5 RFFBMERR COD XBRHR

5 '(kW'h)fl LRI 032 9T '(m3'd)71; s Fig. 5 Removal efficiency of COD

MABR T.ZBa 1T HEAE A 0.61 kW-h-(m’-d)™", HL2% 0.31 JC-(m’-d)". 7EH R AOK BRI T, fff
FH MABR T Z AL, MABR FRARRERERY L BIR 2, T B & MABR JR 7™ & 4 4% (1) AS W7
filt, MABR T.Z/EFRARAEAE LR SATE B & . FE 2570 3% J5 i, oleid il CAST 1. 20 Bt A % B flk 5 Ab
FORER R AD e i, HOE S MABR T2 BJS B 1 ik IR A8BE 4 SR it . 1247181, BODs 5

400

300

COD/(mg - L)

—— j#E7KCOD
—— Hi7kCOD

200 -
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SELRAZ AR 5, SEKFRIEE R T 70 mg L™, TRIC T HEAINBR T FI#b 70 580

4 58
K MABR L2 X} JE CAST T2 #E4T Tkt , & E kR H/KER . TN, TPHI COD
PIRERa ® ik bk, MABR T2 % F 5 Ye W) i i) L BRSCR G2 T 914 8 E . (E 48 0 =,

MABR AL R G AR L B AR 8w, BT R AR m A3 s (R R GE 0w iy 0704 BE 0 45
7, RO L AW ZHE— LU e . R, A bR ocs o H TR . e s 17 AR £

%,
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=
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Application of MABR in upgrading and reconstruction of a wastwater
treatment station
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Abstract MABR membrane aeration biofilm reactor process was adopted. for the reconstruction of a sewage
treatment station in North China. MABR membrane components were added to.the original CAST process and a
new secondary sedimentation tank was built to reconstruct the original biochemical system. In the meanwhile,
an advanced treatment system with new high-density tanks and V-shaped filters were built to ensure the quality
of the final effluent. In the establishment of the MABR membrane aeration biofilm reactor process, only new
aeration membrane components were added and no new equipment and- civil works were needed in the original
biochemical tank. No new blowers were needed due to the high aeration efficiency and low energy consumption
of the biofilm system. The one-off investment is about 850 yuan-m and the reconstruction period was about 15
days, indicating its advantages of short reconstruction period and low operational cost. For the new membrane
aeration biofilm reactor process, the mean value of ammonia nitrogen in the inflow was 39 mg-L™" and its mean
value in the effluent was 3 mg-L™', i.e. the average removal rate was 92%. The mean value of total nitrogen (TN)
in the inflow was 63 mg-L™" and the mean value in the effluent was 11 mg-L™', making an average removal rate
of 83%. The mean value of total phosphorus (TP) in the inflow was 7.5 mg-L™' and the mean value in the
effluent was 0.9 mg-L™", thus the average removal rate was 88%. The TP concentration in the effluent could be
kept below 0.4 mg-L™' by chemical phosphorus removal by the follow-up advanced treatment section. The mean
value of COD in the inflow was 367 mg-L™" and the mean value of effluent was 35 mg-L™', i.e. the average
removal rate was 90%. After the reconstruction of the treatment process, the effluent quality of the sewage
treatment station stably reached the Class 1A level of tHe Discharge Standard of Pollutants for Municipal
Wastewater Treatment Plant (GB 18918-2002).

Keywords MABR; membrane aeration; biofilm; high ammonia nitrogen; upgrade and reconstruction
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