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W OE CABIFEAL IR &id MBBRRFRIE G, FERCA TR HE K B IRBAR Y S T A AL B A BR B S T
PRI (R PG SRR, SR P I R /K 5 0 2 2% B /It 52 6 199 O ik 36 HiF G 3 R PR 0 SR, Il 2 BEF 16S rRNA 1Y 138 i
W X o S B E TR BRI AT 0 . 25 IR R, RRF A XA R E N TN KBk, KBREA G 15%~20%, 1
BRI AETE W TP LB, RKBRFE S5 63.04%, /R RGN KA T IR L 4L KA 1k (SND) FI Al 4k I 8 21
%o WA /NASLIIUE T 4740 SND LR B8Ok A FRIF &M, Bk TEFEMREYEDRER =0 ks
B Tl 0 2 T 75 25 F R B 54K A s SR04 7 T ) B s J ) R S o R 405 T SND RIS il A B Wt P A7 £ 2 R 0 7 (i TR 31
FEAMF T EUS S U A BRBEBOR B F R E AW B BT S UE T SND LR EZORIE T207 48k B sk
R REA X O 28.56%, SRTS SR 14 4%, KA AL B AR X B2 8.34%, iy SND RUR B K AE AR T ROUL AR
iE; V5 PAETE Candidatus Accumulibacter . Acinetobacter 1 Tetrasphaera, Fi%i5 K] FETE IS A BB K i 50 s W
AL T ROIEHE

XEIR BREWMETZ, Bk, FAMLRm; RS, 15K~

WAL AL ST A 2 D IR s N, AR R, EAE AT, ARB LY AR
Z % hnl g2 H PR IR A5 A4k S il 4k (simultaneous nitrification and denitrification, SND), 72 TN A2
BRny R, ATREARmRIR B & . WP s 5 2R AL, DO, pH. C/N. iRE. 15
Py 5, VRN —FRFAMN T2, BHEiC SR K& H S . 78 MBBR 1. 20 P i SR 3
TR IX A A= SND BRG4 22 il ™), A6y S B A 0k o 2 Ak i 16 5 8L R 9 1 22 (A%/O-MBBR) 15 7K
SRR HEHE K R UEN R L SR L R 200% . BRIEAR NI 10 mg LT B SRE TR, TN KBRFELE IR
) 89.71%, FAAEWI WA SND BL %, sk T R BIABLARE T,

BT 2R A R W R B IS AR TR I S AR, EL el T i R IS Wl e R v T ke DA P R
T E 15 7K A GRS 4 325GV , 7R S AL BRBE R rh, RO AL R W5 1A (DPB) W] LAFE SR A1, I
Wis BEA: 2019-03-27; RAHEHA: 2019-09-25
EEWHE: EZRAEKS Q5 56 BEHE R L (20172X07106005); 75 & 17 B4R BHE %15 H (18-6-1-100-nsh)
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FHAS PR ER A R i 52 R sl JLACUPRRME 5 8 BT S R W TR (PAO) A BN, BREBERCRE L 5 47 0 2R
BEASY, HAT, XTSRS T2 M B EFTER A AYO. SBR, UCT % 1.2 H £ 7791
{k DPB, W5t DPB 35U T . EEFM L EGE MK RS AR R, & Y0850
A R T e M5 Je b DPB W R AL RIS M, R SR SIS T4 T, DPB &gk 2
BERIRERERE D, UL, RS R, BA B ARRBEDIRR TG KA T2 AERA . e, 4
LR T sty WU b S A P S i b Rl T )

Ak, BahRAEYEE T2 (MBBR) fEE M) 2 W, JLHAE AYO T A AN - K
WV HZE . T MBBR 255 le ik GRS & T2, B RENIER T &ESRE
FEE A VR W RO IS 54, AT A A B A P B . B I, BB TR 3R 5 T8 1 v e I &
G T XA TE K LS Tolb KA A B A A BEOR o B 17 2R A W o0 2 o A A,
S HAFHE SND BEE T K4 3Lt

b G KA BT, H AL 10 7 m>d™, 2010 4E % fH ik B A¥O-MBBR T. 2 #E47 FH 9 ik
T, HKAT— R AbRiE, CREIBIT 8ao ASHEZE H Jedh X5 K A AL BEAUR 438 T 92F% TN,
TP EBRR SIS M 25, 258 i b/l 5 s il f BB 52 56 43 90 36 iE T SND K S il A B s 30
ZBAEAE, IFE e E @ I F 4 SND K DPB B4 2 (IO AR TIE , A5 K ) 18 4T A B AR
AR N B A Al SR
1 SK[TIBITHLR

I HAF KA IR, BRTZ ek B AYO, HoA: 4kt K o B0 7K Sty AR Sk i 401X
RAEX . B X . W8 IX, HRTZM%IH 1. 1.6, 10, 112 ho 452 X DO 34 45 Wi il {5 43 %) o~
0~0.1. 0. 0~0.1. 2.0~3.0 mg-L", Afbihi5 IR N 2.5~4.5 gL' BN 25% & =B PRIN LY
S5td', MY T 10mg L") BOD it . TR EEF R HE & &8, 5 X 0 ff A S22~
3mg-L™", PAMEIG 535 h 250% F 100%. 157K T i KoK Bt WL 3R 1. 76 AR Ak B g 40 IX <
#%t”"MBBR T.25, 4/ SPR-1 BBV (K, BVREAKEAE N 25 mm, JEH 10 mm, £ 3% b 1 1
T 450 m*m”, fFG COKALBRF &% B R O BIF8AK ) (CU/T 461-2014) 17k pr il . FERR AT, %
JEW/NF KRR, 2970 0.94~0.97 grom™; S, % E 5K,  1.000~1.003 grom ™, FEAF 4
X AN, IR N 30%, FHERESE RS B 0F AR WA 1R o B R F R R A Y R
W, R 60~150 um, A €5 S B TR AR €2

R1FKTERERRITKE
Table 1 Design water quality of the biological

tank in WWTP mg-L™!

KIS CcoD BOD; NH;-N TN TP

Btk 800 400 80 100 12

BR&HEK 391 188 54 65 48

Witk so 10 5(8) 15 0.5 hd ‘

Pl K 35 8 1.5 12 0.3 .

FEe A FL B Atk NHL-N e AT 25 B R, Bl B
FHR KNS me L, AT NS mgL . Fig. 1 Mature suspending carrier

2 SCIGERe
2.1 SBIBKENZE
A Al B R I 5 R S AL AE AR A K . TR ML K L BRAEHE H K L S S K L R T T
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K, BURE SN FOREIX K I, &EEIRE 2~3 hEURE, B3 WA, MURAREIE . BT A ke S e bk
DUVE Ja B EVE W, HRml s S mf AT AL 3, ¥ 3 kAR SRR G EE d A . A . TN,
TP. COD.
2.2 /MASEIE

SR FH A Ak b e 401X HE 7K 2R B0V I ) 8 R LA B e A DX R ity 0 R 3 DR AT A AL ORI o /)
S F o i E A . 4t . RME ARG RGBT EAR, RN 30%; 4
PRGEABINEIF M, HREE R3Sl ERKEAS RGN, BEBEREEEBRTAXNETF
AR KGRI A, 410 pm JEAS L IE AL A TG PEVS R MR TR 8K, R Bk EMFEIAR, 4857
W35 gL, Sl — 20, B EIKIET RN 30%. /DMXBIE, REREHR 7~10 C,
BN 4.0~6.5 mg L™, ERTBOREIE X AR AE R 2R . S A HEA T I A2 o

KR AACB A A X R i iG M T5 e, 48 30 43 B SO F /K V8 RS 2R AT I 1R T U R AR A
GE o BIEPETS RE TR AR, A 100 mg L7 kI (NaAc), 439F 0. 10, 20, 30, 60. 90 min
BB, DB RS B IR AR o it BEBESS S, AER NS TN 15 mg LT RS R B, 43T 0.
20, 40, 60, 90. 150, 210, 270. 330 min HUKE, 5 W AR £ A Al R £6 UM & 1
2.3 FEFRNK

W RRRE B/ IV RE i R DG R AR 9ok L CORFIZE K W I 43 87 0 v G 4 WD) ) i 5 vk I
NH;-N 2k H 94 B 2 6016 BE 6 72 5 NOS-N SR N-(1-Z558)- & e 3 OB FE VA I E 5 NOG-N 2R H]
ONMYIECEE VR B R A R IS s A 2 T 2 s PO R BB PL A B B 2 5 TP R it
Tt P 90 9 A 72 00 7 5 COD SR FHEE 4% IR AR TH M 10U 7 5 pH. DO 2k H WTW Multi-3430i 22 .
24 SBENF

K HiR 7 £ (E.Z.N.A Mag-Bind Soil DNA Kit, OMEGA) & B 4= W1 5 KN 40 DNA, 183 1% Bifg
B T Fh, DK R 00ty 45 S PR 4 1 52 R M L ) Quibit3.0 DNA 28 1) &0 46 ) 5L R 4 DNA #k 3. PCR 47 14
Fir 51490 341F/805R ., PCR =¥ it A7 B fg M Fa vk , 38 3k DNA JZ P10 il 57] & (SanPrep) X PCR %)
HEAT IR, R Qubit3.0 DNA A5 il 28 71 &5 % [0 1) DNA KRG #f i, #& 1R 101 SE EIR A /5 W7,
EIRART, BFES DNA EHU10 ng, 2 LWL AL 58 20 pmol, 3 i Tllumina Miseq I ¢
V- 15 58 BN FE i v 3 DU

K F UPARSE 7.1 # 44, #245% 97% BB i#E 17 OTU R 255 (i H UCHIME R4 5 B ik A 1 -
FIH RDPclassifier X & 55 S #EA T Ao 2000 B, HUXT Silva £0di 2 (SSU123), 18 HE HLXT R{ER 70%.
3 #R51e
31 HEHBAEYR

ARSI EE TI5K) 2018 4F 9 H % 2019 4F 2 H Rk A (b BOK R b, LB BEatk K K R A
H7~10 °C, KFRAEFRUIFE 2 s . J5KT 0 25% SRR 5 +-d e MR, Bt mifeF A, A
MTF 10mg L' /Y BODso M1 2ATHI, RGN AR LBRICEHRM, A EREN 99.3%, TN L
o 87.4%, TP LFRF K 91.9%, HRGMmIEE AL, #Hig L, RELIT#HR CNK2.86, %

®2 OEKTEHBKR

Table 2 Actual water quality of biological tank in WWTP mg-L™!
A i COD BOD, NH;-N NO3-N TN TP
SEBRIEKIK B 390.7+£109.6 188.1+35.6 54.1+5.8 37417  64.9+11.9 4.8+1.1

SR KK R 20.1+14.1 3.0£2.0 0.37+0.45  7.8+1.2 8.242.0 0.39+0.25
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AP AL C/N BETE 3.57, &5 G Bl S i A ny e, — M TRt , C/NZh 4~5.5, MR
R A Y BRI AR, W C/N TR 5~6. RGEHE K C/NALHK 2.90:1, C/P K 39.2:1, FEHN
iR JE HE K CO/NWBALHE =5 2 3.05:1, HAR & T RAE IS (2.86:1), {H 52 BRI RZBE 2 bR R 48
W, METRIEFE T D, N AYO T2 MIER, 87.4% 1Y TN E£BEF IS 7 5 693% A9 i L,
7 52 B 1) 5 T3 AN R 350%, 5 BRAS (B M 22 30 R o 30l S 8 198 Al 105 T R B ARG Il 3 G R A s TN 2%
B, REMNWTRERA T XA FEGML . RS RN, B8 T 28 LR,

32 TN EBRHMRA#

Jk— RGN AR LR S, fE20184E 11 A £ 20194E 1 A (1~120 d), X1k
HEAT T VAR E A AT, a5 RN 2 fE 3 . RE KR E RN O, RGN LR 250%, Sk
A1 9 N 100%,  Hh JH A% 380 BR800t 9 B TH I B0 20 A 50, Bl I B S Y S IR R 4.50.
ARG HKARA N 5234 mg L, HAKZAN 09 mgL", AAEBREKN 98.1%, A K E#H
MBBR 450, A< W 4% 21 R /g 4803t P ) 2R B B S BR . R HEK TN B 62.53 mg'L™', H7K TN Ky
7.69 mg-L', TN KFR%F N 87.39%, 45 UIHEX SLFRIEK TN MR E A E—Ifg X 7K TN ¥ B 5 i = fr
B2 A, I I RE X R A TN Wk B 5 10t i i A A e A IRtk & T BE IX L BR TN it 2k SEBR Y
HE7K TN R 5 K TN WRBE 256 AHR L, DAASARBEEK TN 3%k, DR X0 TN 2B % %
DIREDX N Bk TN VS5 R s A5 B, BRUVAEFLBG K TN VR B . LIBLITEE, REIFRSYIRE
XHA TN LB . DAEK TN 3%, DRAIXSEFR#E/K TN 2 33.97 mg- L™, HH/K TN 2 27.12mg- L™,
WA 20, TN EFRFEN 22.76%, G4 X bRt K TN 8 1632 mg'L™', 7K TN 4 10.36 mg-L™',
TN 450, TN LR 4451%, A X LPRIEK TN N 1036 mg' L, H7K TN N 740 mg- L', i
TN 450, HAMEIX TN LBRRN 20.12%, [FH A0 il fL R ik 3] 28.57% ., 42X 1) TN £ FRE
RPRE A XAFERER SND . I 3 fia, LLRGEWILH TN MIE, DR ATE RS
TN Z{H A% SND X TN By £ 53, 45 5 2B SND % T TN 5% — % 7E 15%~20%., MBBR 1E f- 4
X & SND SR (il " 8 WAL, AR ZI, E4LE MBBR X, SAEBRFEEIL 27.4%,
SND #C R 4. WFE X BEAFE BRI TETSIR, NMAFFENE SR AR . AR Y 5B 3R 5% 45 i
Y (ALY . DO 55) 171 B A% [ B A 45 2 A 0 i ARG 2l S A B A FH BT JE 1 1) f A 35 02 51
i SND 1y FZE R, T RGN DO N 2~3 mg- L', XF TG M5 Yk LIk B B AT, AR 2
AP R AT SND LG . DO 7 B PN i 4 501 0 2 PR IE SND fig 75 S 80 1 SC R R 2 12, AR WA 4y
JZ 53 A 0 R s Ao LA A B AR Y B SR A B . AR W RSN 2 Y A S AR IS, R A B A LA B O
AACE A WIEWIE R S AP, HA& S L T A8 1Y B #E AR 0515 LUAE KRB &AM Ak =Y
W5 B AL A

Y A A A 10046
T0F A TNEERF—R R * 15
T & 4 8
d i E %
e 3 o &
® 12 &
11
0 lo 0
AR R SR G i 1020 30 40 50 60 70 80 90
Kk ke Hk K LTI )
E2 BREFEBRENTK B3 fKINAEX TN X[ GEE

Fig.2 Varitions of nitrogen along the tank Fig.3 TN removal ratio in different funtional zone
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bk — A A e b I = R AJERHA S AR
Hyit B0y B s K AL LAY SND R Lo T BN R AR AR
SRR T S P 0 0 1 L B e

G M s Pe AT /NS, S5 RN 4 R .
ERGAREE N 13~15mg L WIFHL T, &

w
T

#/(mg - L)
S

7R . 3 AL/ S R P A Y g
mgrL LR 4 SO0 R I 2 Y o 0
KB 50 8 92.98% ., 98.25% Fil 98.78%, & 0 0 05 10 20 35 50 0

S e A R B AT 23 i) O 0.042, 0.047, 0.051 K il

ke-(m*d)y ', TINER NV IF BB A /NMEE B4 4R, aBRMREEA MNP aERRENT K
Tb, ARER T B KPS A A HLE R AL Fig. 4 Varations of ammonia and nitrate contents

in sludge, pure MBBR, and IFAS

NTHAEITE . 7 & A BV AR N4,
AW LB W TR A A AR, B ARG IA TIN SR NS, aile . aiffie it R4
TIN 535 N R T 026, 296, 327 mg'L™', R4, MRS, FEWRMMAIS, makjk
S0 TIN ZBR8 /0. ol LIHEN , R49 1) SND 4 R Bk IR T 28k, H W41k 5wl
RN 1.41% . 1536% ., 16.52%.

SND %z DO, I Z AR I, i TR EAL 5 B AE AR R BRAEDS Ze R YR 7= A
fift SRR EE , RN AE WIS A R TV i R R, R . SR A R IRARIE RN,
VS i SR R ST FE L SR AL i 32 BN BR ), = AR I 4K, USRS AR T o 35, AT SND (147 A $ it
TWEMAM . RS R E R R AN, B TR R G &R ORI,
A SND A 85 U5 FT BE 5 A 40 T %) PR B VR A O
33 BMREBRMRSH

RO TP LB R FE RS R 767, AR, X TP A9 LRSS IR 2
Tk, 5 anE s ME 6 B, m Sl g, R KB Hb (R &0 H /K TP/SE B A= 4k it ik K
TP) 4 1.23~3.21, /st T REFMIRARBENR . B TREOEH TREA o, it higE 1wk
AX, MREXBFRAHBRM THIE, KAEB ORP J-370~—290 mV, B4 BLHAE T [ 15 U
T Y DO RN IR &h , W IR SR O 18 25 T L1, B AR IR, REEN TP ARFRC A
F) 63.04%, TP FEUF A X VB LBRREN 23.11%. HE 6 vl A, BAEFE I TP 76 S B %
2Bk, EXTF TP RKBRRM STER T T a4 B, X B RS0 H B8R () 52 A Ak bR 21U
F A AR B T (DPB) J& — R AE IR A/ A AC B BRI N i S A=, L RE 8 LA R b A S W 132
A, AR ] — Rl Y57 ] — 2 35 v S B R A A A SR i 1S DT A R b ™3 249 i U

7 — 100 4400
6l ) SR {350
- COD 0 1o~
lm 7 - 3 {250
:104- g/g .604%-200;/én f;
% 3r % % 40 & | 150§ %
T % ?/I 100 =
1+ % % %4 -l 1%
1T E M
A A 9 A v, |,
Al R&E  BREN Rl U
Wk ok vk sk ik B e
5 ATEMTE TP Tk 6 ZINEX TP £ERME

Fig.5 Virations of TP along the tank Fig. 6 TP removal ratio in different functional zone
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Ayt — 2B o B K TG e S AR AL R B Dr |

S, B R SRIE YETS VR HEAT R B MR, R of R B

B K I AP SRR LI 7. 7R R B gg;/ S

B M P BT OB A R, A1 2ol f NN

HEER, BRI S L NN

LI 2 FRE, AT A PHB R4 TR, JE SO R—-— Ny

SRR K, SRS AR e TS0, S N

PR AR R Tl 285 SR I, R R Y h 4.74 mge L Cr

12 16.81 mg-L™', R SR B B0 B R
4 0.566 g-(g-d) s 7E 90 min I}, [ RGNS
fHRREL, TSRS, BB LI R £ A AE

7 REBRBERBEERBER

Fig. 7 Effect of anaerobic phosphorus release and denitrifying

phosphorus accumulation

LT AZ AR E AR Y PHA, P2 AE I BE i H T B OBOK AR R E BRI DL R B R X 6 A7
YRR . BRE B BT R 5.5 h, BERRERVE R R 3.62 mg- L', DL B R 0.188 g-(g-d) o

IEFAEBUT, 530 S T 5 77 B RAE T TR T 5 T SR b 3R Wl B R R D9 i A7 1) PHA 2R 77 )
e, B, HARMEESHNHE T2 RAIY S &, R SRERE, A et
TS AL R AR Y, e s R WoR, W i AR Ak i F L (P/N) O 1,001, 3X B R 48 b )i ik =
A RE S BRI B S R AR, PTUUD ROE A FERE Y T IE TR, RO T R G M S e b R Ak B
BERMAE I = SAEY, REEEUGE T, PR T A XE, B X HRT 6 h 42 T2 10h, K7
OIS AL BRBEBIE T 450k, SR A SR T R R AR R SR R e T A2 AR R AT B . I B 4K HRT A4 384 i
JEE ST AR SX HRT 45 /N FAE BB IP 8k A 3 2 By, Birsikpyit—280n, BT 2%
FIRIR RIS IR, TR T, XEGRBIELA N 12d 54, W HEYBHEEIE B0

3.4 MBBR ZGMEM T

hy itk — 25 4 H1 & G2 SND K I i A B 9 B
GO A X275 K T i 480 R v 15 e J
FERR B AR UEAT T RE BT, &K
AEXT - EE AN 87 o HUREI, RGN TG IR
ol 2.86 gL', VSS/SS=0.71; B F# Ak Fi5
Je i H 9.07 gm?2, VSS/SS=0.89, & IF # Ak
P 4 T B 3 AL 45 Nitrospira(il A6 B2 e 1 & ).
Caldilineaceae(B% %8 1 J& ); 15 Ue W AH XT 3= B ¢
155 1Y B8 A= W) 40 55 Ornithinibacter . Nitrospira(f
1k 12 i€ W 8 ). Caldilineaceae(W% %% T J& ).
Denitratisoma(JX i tL B ). Candidatus Micrithrix
(MW J&E). Trichococcus(R EFRHE) 55 . &R
4% AOB F % & Nitrosomonas(lV. i & 5 it 74
JB ), % JE TE A TR A A W AN U 1 AR
X 2 BE 43 AL A 0.88% F110.19%

Nitrospira & ¥ % /) NOB & J& , 1E &7
A A W SR Y5 8 b B R E 3 B 43 50 R 28.59%
1 2.04%, Ui BH Nitrospira 5525 55 V) [t & 592 20
fEfE . G, HAAERTREME P EERK,

AR H /%

100
95
90
85
80 -
5r
70
65
60 -
55

50

L]
|

[
]

[

MBBRA: & TS
Nitrolancea I Terrimonas
DPB_Others [ Tetrasphaera
Aeromonas Thauera
Acinetobacter Mycobacterium
DNB_Others Dechloromonas
Nitrosomonas [_norank TK10
Roseiflexus [ Dokdonella
Halomonas Denitratisoma
Hyphomicrobium Candidatus Microthrix
Candidatus Accumulibacter [_1Ornithinibacter
Woodsholea Il Nitrospira
Arcobacter [_1 Others

8 BAKFHMENFEE

Fig. 8 Relative abundance distribution of
microbes at genus level
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05 Ue i 14 4% 5 Nitrospira 7635 U6 H AR XT3 B & FAE TG K I 4RaE , ml G R BI7 2k 4k
YIRSV Ja ., XHis e bdr THM, 2B Was e qe iy — @ Ml . AR EM,
Nitrospira 3t - AOB F1 NOB Jjfig, UL, RGN EAR LA FEK & T AOB F &, HAKK R
H R GRS, X AT HEYS Nitrospira 5%, AN, ZW e E BAAAEREA AR E D, AJLUAER
H KK B A FAs e B8 A PER A=Y, TG, Nitrospira 18 b il AL B& HR AL 38R0 Ja o s ke 17K T Ab B
BB R R G546 X BT AR Y A A s e AT AE R, B2 RS 93% MRS AL AR
K A BIFEAR Y, R T B IR BT Ak B ) TR K

BBy EA R4 B8 1 & Rl 55 Dokdonella. Denitratisoma. Dechloromonas ,
FAE A6 S A X = B 8.34%; 15 e b B A KT Ak T B8 1Y TR Fh L 35 Denitratisoma . Dokdonella
Dechloromonas, 15t 510 3.7% . 2.34%. 2.13%, SASACEE AR 3B N 18.28%. £ IF 4 Ak
YIRS b SRS AL T B A 7E  SND B HE 400 T 3O E 3 o BREBEECR B ), L Proteobacteria(s JE T
W ). Acidobacteria(5™ IR ¥ 1A ) 25 5 Wl 181 0 DL 3411 g, 52 30 45 AL 38 WA V5 8 RN B v Bk b A il s A
0.76% F1 2.04% 1) Acidobacteria, XUt RGERBEBOREAF o H3 Ak, FET5 Ve R TR 24 v 43 53 ks DU
H 1.20% 1 0.02% ) Candidatus Accumulibacter(3 W 1) VA J 0.3% F1 0.51% (1) Acinetobacter(/~ 8 ¥
W#)o ARIBITHM T MR R GV AR S AR KAFE, AV REEA R — I A TEEE R,
Candidatus Accumulibacter 52 H i 9 5% 5 i 4% 32 0 BA BRBERE 1 AR 8 , KONG %5 ) H 1 3
$ A 5 (MAR)-FISH £ RUEM T Candidatus Accumulibacter J& 76 A~ [R5 24 T G5 F i O, NO3-N,
NO,-N 1 HL 32 AR W B, 3k 100 W 32 18T g &8 4 81 Pl L & S il Ak R % 1% B . WAGNER %P9 R
FISH #5 K, i BT84 ACA23aill 15 Acinetobacter 2 #5551 J& . OKUNUKI 2527 3 1 /st 52
W R T ERuk B2 M AE YRR 450 R, K I Acinetobacter . £ I i 4k B W5 Th #E o
Tetrasphaera H# J& & 2000 4 /i J& HH KAMAGATA 2528 F1 MASZENAN 2529 My P75 8 v 40 55 H g B
HRBERE I WEIE, I & — B B PAOs, 7E R & 3 TS U8 MR iR T A
1.47% #1 0.07% B Tetrasphaera, Tetrasphaera?s PAOs H. AT K e M I1 B8 B 5 A1) FH 8 245 0% Fil 2 ik 152 0k
TR A BB, H Tetrasphaera 7] VA5 Accumulibacterty [7) 3t 4=, 5 AL A= W bR Wi VE H o Candidatus
Accumulibacter F1 Acinetobacter VL )¢ Tetrasphaera WK, MiZ 15 K] AEA4E B AL BR B B4 LA K 53K
) A5 W B BV R AR AL T OO E 35
4 5L

1) 15K R MBBR JH ek i J5 , A K BRI IS . C/N AUl 3.05 I OL T, Bk B4k
BE TN 2R R ik 87.4%, TP ER%E N 91.9%.

2) RS H X AFAE B TN £BR, 2 15%~20%, 16 A X A7 76 3 0 TP 1%, 5
63.04%, FH ICHEIN % A T A2 A Ak SRS AL (SND) RS RS fE BR B BL S 5 SND Al il Ak Bl J2: 3R 48
A R0 0 I W T AL R T AR 1 R B s SND BRG E ORI FRVEEAR; RAEILBRBE I L A5 35 T
2 G K 1 e A 15 1 o T R A e G DR <

3) B TF AR A A TR AR X TR R 28.56%, SRS UREY 14 6%, SCAH AL B AH N E B2k 8.34%,
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Abstract In order to study the reason why the nitrogen and phosphorus removal rate of a sewage plant in north
China was higher than the theoretical value under the condition that the carbon source of water inlet was lower
in autumn and winter after MBBR upgrading. The removal effect of nitrogen and phosphorus was verified by the
method of water quality determination along the route and small experiments, and the microbial community in
aerobic segment was analyzed by high-throughput sequencing based on 16S rRNA. The results show that TN
removal rate of the system is about 15%~20% in aerobic area, in anoxic zone, TP removal rate was 63.04%,
which indicated that SND and DPB occurred in the system. The lad-scale experiment showed that the
phenomenon of aerobic SND mainly came from suspended carrier, which was due to the layered distribution of
functional bacteria on the biofilm of suspended carrier and the enrichment of nitrifying bacteria and denitrifying
bacteria at the same time. DPB phenomenon is due to the long anoxic residence time and short mud age, which
makes DPB bacteria enriched in the system. The existence of SND and DPB in the system is the main reason for
the high efficiency of nitrogen and phosphorus removal. Microbiological analysis verified that the main source
of SND phenomenon was the suspension carrier, the abundance of the nitrifying bacteria in the suspended
carrier was 28.56%, which was 14 times higher than that of in the sludge, and the denitrifying bacteria accounted
for about 8.34%, which provided the guarantee for the SND effect in aerobic zone. The presence of Candidatus
Accumulibacter, Acinetobacter and Tetrasphaera in the sludge provided microscopic evidence for the
denitrifying phosphorus removal phenomenon and high phosphorus removal efficiency in the system.

Keywords moving bed biofilm process; suspending carrier; simultaneous nitrification and denitrification;

denitrifying phosphorus removal; wastewater treatment plant
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