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24 2 B4l MBBR T2 i it 5062 2 i 54 4k
Y v 45 K b

AN B, A B LR R, Kb S B F 0, B
L7 5 B K A PR B BR AR, YRR, &5 2665105 2.7 B BETE/KA M ERAR, HHTH
e IR AR W I SO IR IR O B S S0 B0 2, ) 2665105 3. MEE M T HEK IR 55 th oy, MHE 2640015 4.4t
BT AR R T 5 R B A BR 2 AL dE 5T 100082

W E CRHAZWETT. REA/ML RO HBAZS G 1, R T 2R EZ B ML MBBR T. 24 TR R AT Y
MR B A B AR . S5 R M, 4l MBBR A A 2 R RGN 0TIE T 200 HRT A8 LUAZ Ge s M v5 U8 T 220 46 50%,
HI AR E R . @I MBBR SR I PIZL AO i&it, JFARIE L AKARE Bk sl g 00, RS A 074 X 43 ik
29U FUA K 2~4 BT AESEBRIEAT I AT by B, i ok A W A SRR B X, T LA S 25 4R TS e ) L BR 1 AT
PRUEIR A e M o ZEA BT Pt W B R, 7T DA S Ao A4 e 4 0 sURAIE L K R R R g iA4% . 41 MBBR {
A AL T Nitrospira 1 Nitrosomonas, 1E 3358 X A XT =E 73 51 15 21 3.50%~6.91% Fll 0.65%~2.28%. Denitratisoma .
Flavobacterium . Hyphomicrobium . Terrimonas 1 Rhodobacter S AL B AT AR T B 10.85%~16.52% ., ik
S DX S DX 05 G W B R A B A T 5 ) B DA A X 3 B Y SR AE A O o 2B MBBR FE R B X 3R = T Candidatus
Brocadia T [ 48 88 AL B & RS0, MR EIRE] 1.21%~1.56%, T R ERRA AN E LIRS gl
MBBR 456 &9 2 Bixit, B&ATTHRCRL:, dirbidise s mE .

KBRS N RS A g BRIEZSRL; DhREm

sl R A W) B8 RN 4% (moving bed biofilm reactor, MBBR) R4 WAIAAAEE X, 0 HRIEE &
MBBR FIZiflii MBBR .25 2 #iEX, 76 21 2090, SxTENmKT feébnds, RIS S MBBR L.
LR AR 75K SRR G TG B TR b M GE T R S, TSR T RIERIN . A
e R/, JeliE & MBBR R4 IR AHAETE AV IR G R P BUE YIS 1 Tovk 5o 0 kA5, i
MBBR N EEGE GV, 0 TIelSe R R, et Ui E YRt rEqe

4fifli MBBR AMRCR 5 T2 MBS VIAOC, RHS B A/O IWEILHENIE., WFiE: A/O nIFIH R
RERIER R, e BRI FSMERIEI A, LIREERIESE A0 T.AH EA (total nitrogen, TN) J:BRrAZ 15 HLFR
TIRIZTHR, SEmEE R RGN ERCR, W2 BT H/K TN T — PR TR 1ok, st P —ohe
XA AR ) R G RE R AT . DIREAIXI IS, (9 A:8%, B A]F &4 MBBR T.20€ %
I, BHEENRS, SRR IRERUE AR, P —204E T MBBR RGEALIIEIR . HHICHISR
R, EEREY RS K =Bl A/O-MBBR HisAb PRI A 1ET57K, B 2 Bt A/O TEBREE R4
W 2 W T2, HE MBI SRR R, 55 3 Bt A/O FERSAE RIS IR E RN T L, RGHK
SCOD. NH,-N AT IV JKbrifE. JE/NRSED R PIEL A A/O-MBBR HHilab B T Fodi ik,

s BHEE: 2023-02-01; FAHHR: 2023-07-11
EE&TH: B SEANA TREL I (t5cx202211036)

FE—1EE: w3 (1990—) , B, fiit, T, hanwenjiel003@163.com; RIEE/EE: %l (1985—), H, i+, EEHHLT
W, hitwudi@126.com
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51 B A0, BREAIRENY, RAEKEIEIA, G4SN 39 5 2 Br A/Oh, BEIRE AW
Y%, RIVIMYRIEIUA, (FEIRE N—%%, RStk SCOD. NH,-N [FEERIE T2 IV Fokbrife, X5
SKHMES A/O-£lil5E MBBR #1115 /K AL, S TIREDGHN LM & I BRI BRRES 1, FET5 /Kb B 7
AR, RIEH AOK R E K5 . ZHOU 57 FExy T — M U BUN 10 m® (98 B % 4 s 2E /K =B
A/O 4lifik MBBR AL, HTITE/KAE, PRS00 B T 1 BaA 2 Br A/O BREIX, 55 1 FIsE
2 Bt A/O HiE H AR SA R RALIR IR, BT 2, =B A/O ¥R T2, 7 HRT {10 h
FFERE I, RGP TN LBRFEIA 91.42%, v, 4l MBBR T2 RAZEB M HINBEE, BT DIREIHE
UFIAREBRRCR . B ETT, X T4l MBBR AHOCHISEAAE—E Bl . B9, 4l MBRR BARMBIT 124t
ZIRR T B, Bz KRR TR ; Hk, 40 MBRR FiCR B Z R BIEA, (X &
AT BART SR iRe 2%, AW A RIS, &fa, HArROHEsilE MBBR e T REr T
LR, EETARINRERBE AR B ARG . I, RSO L B4 MBBR 1.2
A HEFE b R 5K R R A B TS /K A AR ARSI 4, lad TARZ WE A T 04 & O
S5k, ST T4l MBBR BRI R AEE, AHRE2IIE MBBR T AMNEZRE BT R T RN RIS,
1 #RERE

1.1 S7KA0ER RS Rk R

I HI AR B A 12x10% m’-d™', FECRAEEFIEESIIENR R AY0 T4, NEM
WRsT Sy, T 2021 4% BFM(moving biofilm & magnetic separation, & 774804 WIRRE-1 735 msl
AEBRT 2 BEARF B 1x10* m-d ™' A9T5 /K AL BRBERG , X5k K SCE AL B . BFM A=) B R 4l i
MBBR T.25, SC8l E8 ik & T5 PP L B%, B2 B el R m# Ui v, SC 2 B8k (total
phosphorus, TP) MEJZ[E{A (suspended solids, SS) MIFE/kbk, MIMfRIEH K EFetriibr. WE 1 FR,
SHEETR H B 1 417.25 m?, AZEMK G HUEA 0.14 m? (m*-d) !, CHPA TS KAC TR TS TR s
1) 17.00% . Fresmn H b Bk BN 1 fin, #3KiE 10 ¢, HiK COD, TP S5f5FrRiA%] (M
FOKALT BRI ) (GB 3838-2002)V Fokbnifl, AN E4ZLTF SmgL", EFEMF 3mgL", TN
IRE KA V53 HERE ) (GB 18918-2002) —%% A Frifi.

B H T AR 2 Fos, FAbFEECR FEG K Wi & A s s b T LR, JEEEA
4fifik MBBR B¢, #fifif MBBR RAPIE: A/O T 240, HARTHEA (7T A) 20 =2 (A1-A2-A3), 44 (A
0) /314 (01-02-03-04), JG % (post anoxia, P-A) HlJ5 If-4 (post aerobic, P-O) ¥ N T2, 1F
04 5 Al Z[MEA MR R, FERFIREL 300%~400%. FGER FHIBOKBAEIT T, RS E

=+

 HEBFMIEZ R

1 BFM 557k EMERTZ Attt
Fig. 1 Comparison of land occupation between BFM and activated sludge process of WWTP
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RIS B, FEIRZERR 8~10 mg-L™' 1Y NO; N, F1RIH#HAOKER

LI ACOD/ ANO, -N K6, N RN (25% A5 Table 1 Influent and effluent water quality mg-L™"
COD i) S8 TN W=kt 2Bk . 4l MBBR HECHK coD BOD, sS TN NH-N Tp
BAA DCRTR A IRl 50%, FAFRIXETT Pk 530 260 430 70 50 1

ﬁﬁiiﬁi\}ﬁ% 60%, Eﬁ}%g%{iﬁﬁﬁﬁﬁﬁﬁ i’xLifH"JJ( 40 10 10 15 3 (5) 04

50%. #lifE MBBR Hi7K kA K 4 In 2 ie Btk
Tle/ksres, BOnREFME (PAC, 8% ALO, ARUNSY) MITEF PAM S Tb2Ei. REE/KIERET
&) (hydraulic retention time, HRT)10.6 h, H:rh4liff MBBR Bt HRT >4 10.35 h, 4liflii MBBR B4 3.45 h,
TR 4.60 h, JEBERISIFEI N 1.15 h, SRBEINZDTEDL HRT 4 0.25 he,

Tk BB HEREMBBRE:
B [
o i i
HEK—m- JL - “;E ] Al | A2 | A3 | Ol [ O2 [ O3 [ O4 [P-A | P-O | —mf J;E - 110k
S |
AR SR

2 FEmMBIZRE
Fig. 2 Process flow of new project

1.2 EREKRRMEYEER AR S

F 202249 A 19 H—2022 4 11 A 29 H X R GV AR A M AR SEF7 K JBAG I, BRURE 543 531 Sy 4l i
MBBR BtifiK . 4liflf MBBR Be& 9K . et REEMERTTEB /K, BURAFHREA kP 2 iiie 40 5
NH,-N. NO, -N. NO,-N., TN, TP. #f#fE COD (Soluble COD, SCOD) %f5#r. 15U 25 fartie I
= (1)

24AA
~ 10007 &

K. N REY bR, BN SRR ATRE LRSI R, ke (m’-d) " A4 TSR TR
AR, mg L™, ¢ MVETE], h,

TS HIE (2022 4F 11 A 29 H), R4 MBBR B P8 IR 8Kk S, #4175 T 16SIDNA
(" 38 - i a2 R R R A S AT I 0, v e I s P R
(E.ZN.A Mag-Bind Soil DNA Kit, OMEGA) #HUsA=W5E K41 DNA, #id 1% BlRpEEE R B ik b
LN By 5e B PR, FIH Qubit3.0 DNA € 51 & I 2 5L [N 41 DNA i & W & . PCR ¥ ¥4 Fir H 51 91
341F/805R. Xt PCR F=¥jitfrBifigbsbic vk, Fhiid DNA I [R5 & (SanPrep) X PCR F=4ikf 7 [nl
e, FIH Qubit3.0 DNA KR & I ) DNA KE#fE 5, %88 1:1 iS5 RIS E I ; i Nlumina
Miseq U715 58 OGRE A0 i By, 781 EL 358 2 NCBI(BioProject ID: PRINA955194), ¥
g B YRS O A T T 1Y FISH SER-SR IS 2 FnFs) BARCHr e oot wst, »

#2 FISH iR$tF5ILEmR
Table 2 Composition of FISH probe sequence

DIREtEY HE TS bRy FrRicgi
AT LR 2 / dapi e
WAL (AOB) 5-TATTAGCACATCTTTCGAT-3' CY5 e AR
IRAA A AL H (AnAOB) 5-AAAACCCCTCTACTTAGTGCCC-3' CY3 EAR A

W AE R E A L ENOB 5'-GGAATTCCGCGCTCCTCT-3' FAM e,
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BREAIX, FEOHIREEE M, T4, W BRI
1.3 R RN

RIS D RE X BT AR A K OK TR B P B, AT R R AR AR R R AR far B /M S 56
EHAATR 16 L (I/NRERSE, Wik IMARTI4EE MBBR FIF-48 B G, [RAb% gk SCOD 5%
M, UEE 2 308, —4URM4iE MBBR 248 A3 H/KBSERRIF-AAIX K, F—4R A4 MBBR &5t
O1 K, PAREESE M /KT SCOD 52, 2 4/IMRH4E i B b A iR S AN+ h e 2 2 s =4
i PR R IR, Segid B dl MR GE/KIR A DO 550Pralifli MBBR R4t —3., Jeadfb/ s
PR RIS HAE VRS S AR R, [R5 RE K ARIER T, (B gl sens, —2SCgR A JFK
1 04 H7KIZIRSCPRF R IR A 2 IS VE /ISR . 5 —412R A 04 HiK, LARSIRIE K ERIERZ M, o
BN AN FeRn IR 22538 B BE R VE A/ MR, PRI K BT s B R e AN il R 2 Al i ik
B, SEgd Rl M R GK S SEPRAlE MBBR R4%—3K
2 FER5He
2.1 SHRANEBRYR

BFM %l Hi%it HRT & 10.6 h, #3453 3 Giit, 251 H HRT {CHH R UK TR A S leikds
K 43%~56% . TET AR, BEM {\GET B T AR SCB KR E bR, Tl feaeim s ek
P DU AR AL, T 2B, W T e siit. 256 HRT ARSI, BFM 47
HIBSRGE

*3 ARIZE/KAIETE HRT StL

Table 3 HRT comparison among different sewage treatment processes in real projects

HEAKIK B/ (mg- L") KK Bi/(mg L)
S I 3l T BT HRT/h WK/ € B3k
COoD TN COD TN
INZRIEE 4fiFEMBBR- 2% A/O 580 70 40 15 10.6 10 AT H
IR & 1 PEIEE-AA/O 580 65 50 15 20.8 10 [12]
WA 5 M5 8-AA/O 1000 100 50 15 243 12 [13]
IR & PTG R-AA/O 650 75 50 15 19.0 12 [14]
AR & P75 JE-AA/O 950 80 50 8(15) 21.0 12 [15]
LR gt REIER A 550 65 50 15 23.22 - [16]

BHE SR, 4 MBBR At A ARG SN 3 FR. 7R iRsi b, shéax siis
PIRBE R B @, R AR E RGO, YRR L, G X AR RS R A X R
i AO AW ERAXT S AO TR, F—IREX ARG A= 55 RE i A

(a) Al (b) A2 (c) A3 (d) 01 (e) 02 (f) 03 (g) 04 (h) P-A
El3 4ifE MBBR XithAEFEAERIER
Fig. 3  Growth of biofilm of suspended carriers in pure MBBR tanks

r—4EI0 H SZBRiE K K B IAF (9 148.59+591.55) m>-d ™!, B RS0 HRT H (11.60+0.76) h, Hrpaf
Ji MBBR Bt HRT & (11.32+£0.74) h, $#EEHE. T HAKRASRIEER K, B2k 20 °C DL, 420]
210 °C LI, #ramt Hbrit i AOK B nE 4 s, #7K COD, NH,-N., TN, TP & SS 43ilh (487.60+
193.86). (50.65x13.80)., (58.59+15.51), (7.29+£3.13) 11 (571.00+£250.59) mg-L™", #EAK/KFRIEEH A, HAF
TEW R i T AOK BRER NG, & T5 RS (PR KRB Bast T RED 73k 3 28.65% . 56.43% .
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Fig. 4 Influent and effluent of pure MBBR coupling improved magnetic sedimentation system

21.64%. 10.53% F1 69.59%, {HZ 4P, XN 7K COD. NH,-N, TN, TP & SS{K4RAB4Z % %=
(23.15£7.05), (0.5420.67). (6.59+2.77). (0.11£0.06) F1 (4.46£2.76) mg-L™", FaEikeikithni. HAESW
(2022 4 10 A 3 H-2022 4F 11 H 29 H) il #& i s s x4 MBBR BuzsfTiifbfs, HiZk TN Al
— PR (231£1.52) mg' L™, RUEMT Smg L™, AT REMKMEN 1. Mok, &R
%, DASGHAOK B, HAOK B ED , R RGEHAESRNPUINRGE ST, TRERHAOK
|Gy =Es vy o

#4fifif MBBR FJ7E HRT OIS IRIEZ) 50% MYFERT T, SCBURRGE MOALFRRCR,  FHEKOK S o
R EA BRI AE S . JET 4l MBBR 1) BFM FiARBERSSCBLTS K @ KIRE, ENE
JE BFM Tl HF 2020 4E78) ZREEDSE M, Z01H BFM (S#{Ch (iiis KPR TR0 H 22 hriE ) (Hhn

(2001 ) 77 5) WIERARELRIY 4%, SEBRIK 5 12 A8 HETS KAR BT 1 109%~25%"7 5 67118 BFM 3 H

M7k o5 AR AR AR ISP T2 269" s AT H R BEM MK ORI TSR RGN 17%
22 BERRARERE

G YW U R AR AL T R R B BR AR . 20224E 9 H 19 H—20224F 11 A 29 H, RS/KEH
(19.804+2.34) °C. HT RS HRT &, X T AREEDRFHRCRE, FHit, {C5EEEDRFIN. H
T SCOD EBRACRUNE 5 Fiw, #E7KkH SCOD A COD(VSS-COD) {43 4Ih (356.61+41.83) mg-L™!
A1 (103.95+12.35) mg L™, FHRSCBRIF AZSARTHSA Al SEPRiEZK SCOD {24 (102.39+11.36) mg-L™',
/K SCOD [ (71.89+11.43) mg-L™", 4 A2 f1 A3 4bBHJ5, SCOD {H 435 2= (59.19+11.51) mg-L™" Al
(53.26£11.45) mg' L', 2 F4FEIX G, SCOD AR (34.16£11.84) mg- L', F4F4HAIX SCOD £Bk
FE KM T 01, O1 i /K SCOD{H & F& & (43.38+10.26) mg'L™', # & 5 4F 4 X SCOD 2 [& i1y
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(51.73£7.07)%. JEEASME L FRENIET RGN FL I
A, 5 SCODEME N (43.49+13.34) mg-L ™', = J5UKVSS-COD
SECHLHIK SCOD {HMITE (42.1124.77) mgL ', a o
161 285 T 4 B R B VR A .
SCOD fH#F—E%2% (36.79+5.22) mg-L™" H1(30.56+ §
420) mg' L™, FuEilBIHERbRIE. ©
ML SCOD EBRZCRAE , I dk A AFTE
SCOD RIERAMMIE , Bl AIX —JRAE T S S oSS s
B B R SOR , s i — R 2, i HEEIX
SCOD RERACRUI Kk, JUSFERH SCOD 1 s sy MBBR 1BAKREMETRRLARE SCOD £
WHISEBMERE R A . TR FEAREES R
?ﬁ@%ﬂ?l&ﬁ_—fﬂﬁﬁ , B, CHEIK T SCOD Fig. 5 SCOD removal along the process of pure MBBR
220 A/JO EHFERRR, B A1~A3 MFT O 15 coupled with improved magnetic coagulation
7K SCOD LG Tk HE TR 44.70% . 18.61% . sedimentation system

8.69% . 27.99%, JEHAE DA MEmIR, TECE TN KBRIHTHE T, WA7fE/ bty SCOD AFI A, ﬁ'ﬁ
JEIFR X LR, FTEFSTARFIR SCOD e ERRR. SRR M B2 RnR g7, w]
—LBR (6.23+2.29) mg-L' 19 SCOD., J&l/NaES FIHIM B A/O—MBBR T2 A A it A i '%%
15K TG BR K, BT A EPINT 2, &1 HRT Jy 2.8 h, SCOD EERTTHAZFIAET] 64.60%., ABFFLE
AIB4E A1-A2 A1 HRT A 2.3h, SCOD EFRTIHAFIAS] 63.61%, SHEFAK,

FARBRAR LRSI 6 Ui, K
NH,"-N Fl TIN Ji & ¥ B 53 51 A (59.00+5.62)
(61.37+5.82) mg-L™", $&HESEPRIIE A% A siAa ‘
XK NH,-N Fl NO, -N(iA%A, B NO,-N A
NO, -N JiTl) SRRk (12.4241.04) . (9.58=+
0.64) mg-L™", 4 Al~A3 ZbFJS, HI/K NO,-N Jfi
U By 0 [ & (3.98+0.77). (1.84+0.52) Al

(0.64+0.47) mg-L™', AisREX T 7 —E R n % j@@

NH,-N FF&% NO,-N U EME, & A3 K, N R > PErOT &Y

N NO,-N £ZZINH,*-N

RAEWE/(mg - L)

NH,-N Bk % (11.16£0.99) mg' L™, 44 REX
ARG, BERBEX LR T (4.20£1.03) 6 #ifX MBBR AN RUANESTTE RS
mg’]_;l EI(J NH4+_NO i A1~A3 H:ll 7J( , /% é‘L r’—] 55*‘_% TIN %IZ'%'I%E;R

NO,-N i e 4 ) 3 3] (1.01£0.31). (0.66+ Fig. 6 TIN removal along the process of pure MBBR coupled
7 RN p with improved magnetic coagulation sedimentation system
0.18). (0.38+0.08) mg-L™'., W4 IX FE KAtk

NV, it O1~04 J5, NH,'-N Ji & i B 2 il B 2 (9.13+1.08), (5.25+1.03), (1.41+0.62). (0.51+0.37)
mg L™, PEBEE NH,-N §9fiitk, NO,-N ptiz BT, %= 047K, NO, -N kT = (11.46+0.88) mg-L™",
GF4EIX NO, -N AR EW R FET, O1 117K NO, -N ik (0.2240.45) mg'L™', % 04 7K, NO,-N Jit
HEREFEZE (0.09£0.10) mg- L. JEBSGEAMERRIER 7K, K NO, -N Bl ikt — L E (3.06+2.30)
mg' L, BEHESR BN REEMBDTENK, RERFZBMAFHIRE, F4 17K NH,-N Fl NO, -N Jiit
WeRE/0 (0.40+£0.38) mg-L™" il (2.94+2.31) mg-L™',

MUTFE TIN ZBRBCRE . AT6E A1~A3 A T 7 20 31 4 (0.53£0.09), (0.20£0.07), (0.100.03)
kg (m*d) !, PRATHRRIIEDIN 52.27% . 19.96% F1 11.20% ., Bt BSCREARA R — )55 NO, -N ffi
VR T, ARV TR B S OC, O3 —Jr TR ShslR vl A Abt R A DG, (HIZa H i &1t
PR TR RIAS] 83.43% , #JH/INHBIFST 45 (48.2%) $EH03E 1 4%, TN —J5 10 ] fig 5435 H kK COD &
i, PRHEERIRIEE 24 0¢, 53— 7 T ST B AT E = T 2 0F HRT P 6, 456
7T SCOD 81k, %5 A1~A3 ) ASCOD/ANO, -N 4352k 5.15+£0.36 . 5.23£0.11 F1 5.57+0.28, WA
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C/N BT, TEWRE ) A= W R 1) v o e R S8 /b o 5 B 4 X B U F far 0.16£0.05 kg-(m’-d)
ASCOD/ANO, -N 4 4.04+1.55, WA THACRIIEN 16.57% . AT, RIVIMEBRIEHA TR A LE R
BRI HA T E A ARCR, (HE TR, BR& T HAM LI, Rtk opdnt, HK
TN FEARBEE T3, 2 F R X NH,-N FRE& NO, -N BRI R RN &4 T IRA A IS .
il NO, -N SRIEAY 2 FimliE, —FmREEarsisa X =4 TR LIS, K NO,-N #{kh NO, N, 7
— P R TR PR A R, PR A TREARNLL, K NH, N #4408 NO, N, A5 R
FRZEBAAE A INRSESEK, IHEBRA DR, LIS ARSRRE 4N 72 NH,-N Al NO,-N % BFM HifieE
X SEPRUEK SRR EE—S, DL BFM RISRAEIX A1 Bt it/ MR, sl e i hil 24 DO 5
BFM X Al —2, SEBd R 2 B B AY NH, N £k &% NO,-N FLEM L, Wik, #iE RS
NO, -N FERJF TRFE bt 2, T4 01~04 iAL T fi 7354 (0.23£0.04), (0.40+0.10). (0.39+
0.09). (0.11+0.08) kg-(m*-d)™", FSILTTHRZIGE S50 23.04% . 33.11% F125.94% . 8.79%, O1 Fil 04 4y
SAZHTEA COD FA AR I, A, 58 AL TTiRRACN 0.03%, Shgascr
FHEPEAR K, ARYE /NS E0 45 ), 4l MBBR 248 FAF A X A A LR M BENEK SCOD iy T
B R RS, B, AR AR R RCR, AT A3 B EIAE E—2 A 2508, TR
A FLHAARIX ) SCOD fH.

g LTk, 7ERET, 4l MBBR B &) £ 2 ARMHETE TRIBLR A1~A2, BIESTHIRA TS
iF 75%. A3 BTN AT AL A FEAF4EIX 1 SCOD {8, BIRIZ T O FATRTELEERSY SCOD AK5e4H)
FH, BHTHKMACLEZ 1 mg L LT, Mmgks: R A SEUmFR T & DO i3 Z 540 5K BEH)
H, Hit, JFIERK HRT M E DU AAE . DRI, FEAREEE T EHEX 01~03, —&H4&1t
AL TR 80%. O3 H/KARCIEERIHIKbREZ T, A ERFH 48 1 K brifE, WA R
VU T2 P-A AT LGEEAMERIRE =, SRANEUKBRIEA LB, SCEE TN Agit— 5Bk, 10 P-O ik E
W EEETRT P-A S ERAVIMERRIR, (FIEHK COD MfaEiltr, NEARLER.

2.3 IKBUREE SRR IE

Bt/ IMRZERNE 7 R, LhNH,-N TR AR B R A I RS A R AR 2 SRR, il Tk 7 for
PIIG NH, -N FIEEFAZ R A NH, N BT AR iz . 4R O1 HiKRVE R/ IMAHE K, 47
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Analysis of denitrification stability and microbial structure in multi-stage pure
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Abstract The performance and path of denitrification in a full-scale engineering of the multi-stage pure
moving bed biofilm reactor (MBBR) were explored by the combined approaches of macro-scale operation, in
situ small-scale test and micro-observation of microbial community composition. The results showed that
compared with that of the traditional activated sludge process, the HRT of pure MBBR coupled with improved
magnetic loading sedimentation process was reduced by 50%, and it had strong nitrogen removal stability. It was
recommended that the pure MBBR could adopt two-stage AO design. According to the effluent standard and
influent fluctuation, the front anoxic zone and the main aerobic zone should be designed with two or more stages
and 2~4 stages, respectively. When facing with water quality impact during the actual operation, the pollutant
removal load could be raised significantly to guarantee the nitrogen removal stability by increasing the mass
transfer gradient of biofilm. When the impact of influent quality is too strong, the nitrogen in the effluent can be
guaranteed to meet the standard by temporarily adding external carbon sources. The relative abundances of the
dominant nitrifying bacteria Nitrospira and Nitrosomonas in the pure MBBR reached 3.50%~6.91% and
0.65%~2.28% in the main aerobic zone, respectively. The dominant denitrifying bacteria were Denitratisoma,
Flavobacterium, Hyphomicrobium, Terrimonas and Rhodobacter, with a total relative abundance of
10.85%~16.52%. There was a positive correlation between the maximum pollutant removal load and the relative
abundance of functional bacteria in anoxic and aerobic zones. Pure MBBR improved the enrichment efficiency
of Candidatus Brocadia type anammox in the pre-anoxic zone with the relative abundance of 1.21%~1.56%,
which can provide a reference for the stable realization of mainstream ANAMMOX. Multi-stage pure MBBR
can fully present the advantages of MBBR treatment involving land saving and high impact resistance.
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