550 IS T2 166 5 1205 20225 12

Eco-Environmental Chinese Journal of Vol. 16, No.12 Dec. 2022
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

B: KiTEBE
DOI 10.12030/j.cjee.202209080 425 X703 SCHRARIRGS A

E, KA, BUHTR, 45, SNAD-MBR 1.2 it A2 Hr U5 YRR A A KR BTG BLISE A ], PRI TARSAAIR, 2022,16(12): 3945-
3955. [WANG Zhaozhao, ZHU Shuhao, WU Xinjuan, et al. Changes in granular sludge characteristics and their effects on membrane fouling
during start-up of SNAD-MBR process[J]. Chinese Journal of Environmental Engineering, 2022, 16(12): 3945-3955.]

SNAD-MBR T.Z )5 3h 13 F& i ki 15 Ye etk A8 4L
T FLX Jsi = G i) 52 0]

£§H§H1’2’3, 5]—(_:]1;5%1,2,3, ﬂ%ﬁ&%l,&%%?l,%% ’%2,651,2,3, _7%'@&1,2,3,E

LA K 5 Qe il Sk AR S S AR H ., TR 0560385 2. HFHK T K F) AR B 5 sz 8h s, HEHg
056038; 3. 7[Jb T.FE K 2AREVR 5 3B T RE 24 B, HEHE 056038

 F RIS R B ) SO A s R WAk IR LR & S 9% ML (SNAD) T2, %
ST WURLTS P 5 S Ye AT oM B s A AR R, il i G FEBOTAL TR 3h v RIS V8 R 5 TS Yk R 2 ]
BIREEE . 45 REM . hREAREAT Y (Anammox) i Z64 T2 FI 3£ A T 25 (CANON) Jii 3 SNAD T. 251 #
UKL 15 JE vk B (MLSS). M 4h 2R & ¥ (EPS). ¥ fiff 14 i 4= 9 72 ¥ (SMP) J EPS JEPS, L {H & 3L 3G fnla %, i
SMP,/SMP, . 175 6 25 BUHE 0 (SVI) 3 Wi 8 A1 5 441 5L I A8 4 20 41 (FT-IR) 1 = 4 ¢ 6 % (3D-EEM) 43 Hr 45 SR 1,
UK V5 8 A T E K M i, B R 2R R A TS VR ORI L R P R B AR Bk, RIS YR
1.21 L-(m*h*Pa)" TP 1.08 L-(m*h*Pa)”',” i T2 2 il T EPS/EPS, LL3 i, A (s J0RE T Yo Rr A2 3 m DA ok
RIS Y B Gt aE g Rk — LR W], O L LA UKL S ¢ 2 80 (MLSS. SVI, EPS & SMP), SMP/SMP, It 5
Iy e AR 2 [1] S BUARCOR 1) W 2 TEAHOG - SMIP/SMP, U AT ME S IR G R Bt 24k, A ALl F=1.638SMP /SMP —
1398,

KRl SNAD T.2; Wikiisie; B4 nid; 5, Bi5ye

Bl Tl & AN RAETE K3, AR S i HE O R i KR & 8 IR A — A~ iR A5 i
B m &, TGRS - IS A IR T2 B REFE R . T MBI S 35 U8 7= i v A6 AN T RR SR
Mo REEA M (Anammox) T- 2 UIH AT | SR S e AR W I A U & 32 QT , IZBOR FE 2
REE— KPR W1 A F- A E AL TH (AnAOB) DL NH, N F1 NO, -N N i ¥ & i A8 1 N, #3 # ,
i BV (total nitrogen, TN) Z2BR3R A3k 90% A= 41M, SR, Anammox .25 /K 41544 ¥T 10% WA
RZLINO, NIRRT, I T H—H4 5 Anammox T iz 730AE, [ KA A A 755 M
{1k (simultaneous anammox and denitrification, SAD). [A]# W g1k . KRR A & L& = 55 g 1k
(simultaneous partial nitrification, anammox and denitrification, SNAD) % T. 2.8 R )2 A Z5 24, WXt T
T KM S, #FKAR FEUAZIE AR, Btk SNAD T Z205E P B o, %R F8AR
5 440 2 A A6 TR (AerAOB). AnAOB P 34 A/ ] 55 B Anammox J [, Jf i i 51 A S il Ak B
(Denitrifying bacteria, DNB) i#f — 25 Hil Il NO, -N 5 B &S ik 9 T 2048 /&
ks BEA: 2022-09-14; FERABH: 2022-11-18
EEWH: WitE ARFEELTH (E2021402011); Wb m AR H E k9 A AR5 H (BJ2019029)

T—EE: T (1985—) , B, WL, AIEE, W-Z-Z@163.com; RBIEEE: T -8 (1968—), B, M+, #H#E,
a17831917609@]163.com
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3946 ok L B ¥ W Fl6 &

B EZEMZE, AnAOBAEKAMEKHY Tk, & Anammox T. 2 Ja s A AR, MM
HYZ52 0 SNAD T AR ik # . Ok Ts e & —Fh e AL AE W R G0k, B % S0 n 450 A R 47
DULREPERE, 7T LLSZIE AnAOB M9 AT R4 81 B i PR 45 OV 7 J3 ik =X 5 1V #% (sequencing batch reactor,
SBR) H1 LA 1.1 mm ) Anammox 4775 Je s TI 5 8l SNAD 1.7, Ja shif(a] 2 37 d. Bb4h, h Tamfk
AnAOB & £ DL 3 i ok 75 P JE A, B A= ¥ ) N #§ (membrane bioreactor, - MBR) ] LA E &
Anammox Jz SNAD Btz {5 ¢ T 205 s A 20057 507, LIU 488 2R il MBR 32 £ AnAOB & £ F a2 il
ORI JE A9 i CF- X7 BORLRLAS 2 0.7 mm), 5K H #2465 AT MBR 2838 100.d 12 )5 3 SNAD i
FiI5 U T2, TN EBRAT A 98%. 5645 MBR T. 2,248, SNAD-MBR 1225 8id F2 vt R W] 5k
T M 23 BT Gy fnl R, SR T U8 M T s 0 Y A R TS e AT o RE ML ZHUO U R TR
Anammox UKL I5 Y8 74 F 5% 45 A RUI /MR A (tightly bound-EPS, TB-EPS) 7 & Lk & EPS 1 & 7
JoT % i 5 B G o AR A B A OGP E o LI AR 9 R I BEE Anammox UKL T /)N 20 43Dk /D
FAFHRARIG R, Bls A9 2 B 35 M . XING 51" N Anammox Ui 15 Je 14 & i i M E Y
7= (soluble microbial products, SMP) H1 14 £ [ JiT 21 J3 S i B i 75 G () LR 2R, 1 s8N wF o8 45
HZ W] EPS J&: SNAD-MBR T 2 575 Y il S HE A -

Al oL, A DL B 58 H X F Anammox-MBR f H 241 T2 A RIS G S5l IR 7 1 o 48— MR
AN, W T SNAD L2 R shid #2 2 24P, SNAD-MBR .75 09 Wi i5 Ve et 5 1835 Ye i1 b 1) sh 54
b S 5 2 6] ()

AHOCHE AN BB, HL B X e T2 B RV g T R e A i G . AR W SR AR R 48 50 AT SNAD-
MBR T2 )5 8l o 88 v 80kE 15 e R e sl A8 AR A 1 JE ek [y R 5% 5 BT Y Sl 2 (] A A OC 1, i
it 2E T Bk R A T Ry ) OG5 DR - O |l 37 B Je B A AL, DU A SNAD-MBR T. 22 ML fkis 17 &
) N AL S SR 5 R SRR
1 HRS
1.1 LERBESRE

AR S R H TR 2 AT U R I AR W I NV #% (upflow micro-oxygen sludge bed membrane
bioreactor,UMSB) 2% & , H T.ZURTFRWIAE 1 Fioan. NS FKFE R A PLBES HI A, ARE N 451,
S 2 PN 2 AT — 2 v 23 £ 2 R 2 4 (polyvinylidene fluoride,PDVF), L4824 0.3 um, 7 %0 1€ 1 AL
49 0.075 m* B PRSR A H 2K 77K 8 min, 451k 2 min), 38 5 AR HE 7K I 45 B )R] R AT R
(3.13~14.81 L-(m*-h)™"), Jfl b & 77 2% Wi ) %5 i = 22 (transmembrane pressure, TMP) A5 4k, . Jz W #3 i A
AEFR, [l 45 i 7 32.0~49.0. 2B 2% S

A TRFL I A Sk 5 A KT o e S DL ARE (T ‘. ni

% f# % (dissolved oxygen, DO) ¥k & 4 +F 7£ I

03~0.8 mgL', Il if pH-DO f5 B 55 (WTW e o )

Multi3630, [ ) W5 0 2 I %% 49 pH FI DOk KA

2o RGP /K R Go 45 il By i et 5 48 47 78

(30+2) °C, A E S A HITHVEERAE

12 ISR - et
SNAD T. 20 Ji 8l i #2 ' Anammox Bt Bt # ! K] B

ff AnAOB ¥5 ¢ (A & 52 % % 12 & iz 17 1Y —_

Anammox-UASB JZ i #%), #EF&E R 1L, 15 AR PIRBFAE

Jit &5 ¥ £ (mixed liquor suspended solids,MLSS) 1 SNAD-MBR T ¥ % i2E

5 3568 mg~L’1 , MLVSS/MLSS It & 0.48; 1& Fig. 1 Schematic diagram of the SNAD-MBR process
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CANON Py Bz 1] 2 7 7% H #b SEHE P AerAOB V5 Ufe (F 36 7 e i 15 KA 3 &4k T.2), #fhit h
0.5L, MLSS Jli & » 3682 mg- L', MLSS/MLVSS .4 0.73,
1.3 SLWEITHEH

SNAD T. 253 81 4L 7 4 Anammox . CANON HI SNAD 3 B, Anammox W Bt ( ['~10) iz 17
28 d, i & A 4 JE UK 77155 B3 i ] (hydraulic retention time, HRT) P& & i 1L & 45 AnAOB; CANON [t
Bt (IV~VI)#: 49 d, KBRS, 4E5F DO 7E 0.3~0.8 mg-L ™' 247, BrBLIV 2R F [l 8Kz 17 (K
K 22%, ROV H 33 h 4555 % 11 h, HE/K 1.1 h, #EKFHEAK 52 1 PIIEER ),V ~ VI B % i 4
HEJK, {#%F HRT 2 10 h; SNAD B B (W) #£i2 47 21d, HRT 2N 10 h, 78RR ST 800058 & )5
(L TR5N), C/NHH 1:0.5; & BrBaik ¥ g N TEBUE K, BT 4&m 3% 1R,

#z1 TEBME SNAD T ZEITEME
Table 1 Operating conditions of SNAD process during different start-up phases

e Fsf ]/ HRT/ DO/ NH,"-N/ NO,-N/ COD/  MES/ARBESY TN COD
d h (mg'Lh  (mgL")  (mgLl!) (mgL') (minmin) KRR EKEFE%
I 1~9 24 ~0.02  52.19+1.43 67.10+0.54 . — 80.69 —
Anammox II 10~18 17 ~0.02  50.79+1.28 66.39£0.45 . — 81.03 —
I 19~28 10 ~0.02  50.77£0.61 " 66.47+0.49 — — 80.89
v 29~46  33~11 0.6~1.0  44.97+3.98 \— — 1:3 66.76 —
CANON \ 47~60 10 0.3~0.8  50.05£1.39 - — 1:5 80.32 —
Vi 61~77 10 0.5~0.8 - 49.68+0.96 N — 1:5 84.62 —
SNAD VI 78~98 10 0.3~0.6 ' 50.24+0.99 — 26.04+1.59 1:5 96.78 84.01
14 ShFEE

1) K Bt K35 Je i 43 #f . COD. NH,'-N, NO, -N, NO,-N. MLSS Hl MLVSS 4% ( /K Fl % 7k
WM s ) G 4 ) FEATINE M, 2R 5 U 2 B8 B (sludge volume index, SVI) M & ¥5 Y Y UL
FEPEMERE s 15 URLAR o A SR U 73 1 DAL 2 v B HE 0k 35 e 9 B 25 B8 PR B Uk 3 IR A, Al
FHFRER 56 05 AT 05 43, 43 M 1.0<. 1.0~1.5. 1.5~2.0. 2.0~2.5. >2.5 mm, H¥& I {H AL E /b 3t
A5 B k42 (particle size diameter, PSD)!', ¥ 14 Gl 2E W0 7= ¥ (SMP) FIESMNR & ¥ (EPS) R H
Pogb B A, Hoh SMP A EPS 1Y £ H1 B 2H 43 (185 Bk 9 SMP, #l EPS) & 8 R 2% 15 i 5 i vk I
JE, SMP Fl EPS By Z M 241 73 (R #% & SMP, 1l EPS)) é‘iﬂcﬁﬁﬁi%-ﬁ@a{i{ﬂ'ﬂ“ﬂs]

2) G g R TR SNAD-MBR 1. 20 5 3l i A% b i B2 38 1k A 0 i R AR 4 =X (1) At
() #ATIHE

J
L= 1
APTMP ()
AL
F=—x1 2
. At>< 000 2)

X LIS ENE, L-(m>hkPa)'; J AR S, L(m>h)'; AP, NEEMEE2E, kPa; F. NS
Yu K, L-(m>h*Pa)'; Ar N4&HrBs TR E, h.

3) i L AR £ /b (fourier transform infrared spectrometer, FT-IR) Yit /Ao B4 B Bt AR ] 2 o7
PR IBORLTS IR, B T KR 3 Yk, 1E 105 °C FHET S 5 KBr 3% 1:150 JE F, SR FH Ad B i 25 4
2N (IRAffinity-1S, H A S EA R #4700 , 45 R EHE 2R H Origin 8.0 #1740 3 5 53 #7 .
A B [ 25 48 B XL AR GRS BE G T X (1 600~1 700 cm™") FEAT AL H], I ] ] PeakFit(V. 4.12,
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https:/systatsoftware.com/peakfit/) 715 — [ S K3 A1 il 26 4815100,

4) = 4k 5% )t 6 1% (Three-dimensional excitation emission matrix fluorescence spectroscopy, 3D-
EEM) 73 #7 o 4% B B UK 15 U8 A% 7S 21 19 SMP Al EPS $2 U, 3 i = 48 98 Y6 e 1% 4 (H Sz F7100,
HA) SEAT 002, & WK (E) 200~550 nm, [A]Ff 10 nm; & 54 9% K (E,) 200~550 nm, (A f% 10 nm,
FAEE S 60 000 nme-min ", £ R EHE IR A Origin 8.0 #E47 40 B 5 73 #r

5)SPSS 43 #T o 2R FH SPSS #k {4 (Statistics 17.0) X 5 56 £ i #E 47 58 324 40 W7 o B R b 3R 8 r (-
1.0~1.0) S W5 Yot B 2 50 5 05 Je ORI AR G ;. b, =1 N RN SE A IEMOG . r=-1 IR IR 58
RAE, r=0 WK R TCAHSCHE s A T2 H BOHE 19 A DG TE Ge 32 b BR IAE 95% 8 15 X 8] N i 2
(H[ P<0.05).

2 FER518
2.1 SNAD-MBR T Z Bt &5 45

K[ J5 3 B B SNAD-MBR T. 2. i 5 1 IR B B .
2% (TMP) J% [ 2t 08 A A 121 2 % . o I AN s * T
V5 U7 #9 % 2E . 7E Anammox. CANON & S 2 *’ﬁ’@’ﬁ} "
SNAD 3 BB, TMP Fifi iV #5328 17 1 32 25 1 T NN Lo {25
Fio RRBASIESI . N IBTBORSERTE 0 F st
AL, DURE RGNS B, 1 Sl I i prepp— E
Anammox. CANON J% SNAD 3 /BB i, F AN S {ﬁ%: Tho
1 1.21 L-(m*h*-Pa)' [ % 1.08 L-(m*h*Pa)', 3% oL F ™ ™ | 5
%%%Hﬁ{%%ﬁﬁ%fﬂ?ﬁ%%%o Tangiggox 00 l:l() :2I0 :3I0 4IO :SIO 6:0 7I0 :SIO 9IO 108
Ja s B (~1), B8R i 39 I3 &5 46 % HRT AT

Lhaffb AnAOB &4k, ifif F, S 8L P REE S 7E B2 REEZHEE SNAD-MBR T R E £
CANON i Bz J5 sh 91 31 (IV B BR iz A7), F, 53 fEEENE K

T 357 L-(mz'h2~Pa)71, I 2 = T4 Anammox Fig. 2 Changes of TMP and J of SNAD-MBR process

during different start-up phases

B B 60 G 32, 3ok 2 T 0 e e HE K
fir s 1 7E CANON BB )i 8l g B3 (V~VI #8212 17) & SNAD BB, V5 Ye i R 52 80 el 2% #a 45 (ih
1.18 B % 1.08 L-(m*h*Pa) "), IXLLWET5 Yt N REPEIRA AT GE 2 B T 0RL VS e 1 5T A2 4k il 5 1 i o
2.2 SNAD-MBR L Z B#iidiEisR4FMN

D I5REMIEA . I5K4E . MLSS & SVIZE{fk . SNAD-MBR T2 AN [A] 5 8l B Bk 15 e %
WML A& . BLAR R4 . MLSS 5 SVIZEAL tn & 3 A1 4 s o vl LA %), M Anammox i B
CANON B B, UKLl IR 21 (0 55 A5 Sy B fa, 15 R A2 A T i ; #F CANON [ B 21| SNAD [ B¢,
UKL R URL TS Je 00 AR v, I 2 R A Ak T AR JURLSR TR (T 3. 7E SNAD Ji il 78 v kLTS
TR 2R, H o Anammox M B i5 R A2 FEE P 1.5~2.0 mm, K7 8>2.5 mm F5 5
FEA Frs . Mi#E CANON [ Bt , /D aiEtEis 2R Hn, [z 17 Hr Beif sk T AnAOB 5
RE35 Je Xt 24K 75 R I, o AerAOB-AnAOB UKL ()T i 25 & T 34tk . 7£ SNAD BB, H AL
FINAE i DNB 7E AerAOB-AnAOB it £ 1 1) 4E+ . 7] UL, CANON Fl SNAD Fi Bt %8 Anammox [ B¢
WAL AR A BRI, R 5 i 1.5~2.0 mm [f] 2.0~2.5 mm $57F . 5K [E A}, 7E SNAD-MBR T. /%%
At R, MLSS i1 107 gL B i i 2 16.7 gL', SVI{E N 1 47 mL-g ' &K & 26 mL-g',
LT L, B V5 R kAR 5 MLSS A3 K, TSR VLKt Rk s . A HF5 R0, BT EkRS
Ve RAF R UTRETE, AT LA S 25 B IR AR B SR TR BB DR 2 (A8, DT AT BRI S 7 e %%
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(a) Anammox [ B

(b) CANONR B

(c)'SNADJ B

3 Anammox ffr 2. CANON [ B 1 SNAD i ER KR iS5 e RIMFLTS
Fig. 3 Change of sludge apparent morphology at the end of Anammox, CANON and SNAD stages
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Fig. 4 Changes of particle size distribution, MLSS and SVI of granular sludge during different start-up phases

2) SMP 5 EPS ()72 1K .- SMP Fl EPS # #i 4 J& MBR T. 2 v 5] 2 75 YL 47 o0 il 56 J ] & U9,
SNAD-MBR T 7. A [6] g s oy Be A9 SMP Fil EPS & & M4 i an 18l 5 Bz o 7F Anammox [ B¢, SMP &
i 25.0 mg L B K% 57.6 mg' L', SMP/SMP, [L i 2.47 BEfE 2 172 /247, X & 1 746 /0 HRT 1Y
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Fig. 5 Changes of SMP, EPS contents of granular sludge during different start-up phases
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IR A 3 AL AnAOB (14943 6 5 X3, FHorh 34 rh SMP, 197 1 1 % & T SMP,; Tl 7£ CANON Al
SNAD Bir B, [] &k g < fifi i 1 2% 9 DO ¥k B2 5, JF H AerAOB B 5| A #E— 2 #F SMP 5 &
57.62mg' L7 #4545 82.7mg-L™', 1M SMP,/SMP, LWLt — 2 BEAIL (1 1.72 % 1.48), EPS 4 H4E 015
Je KT AFYE, EPS, & EEISINAE W R S TG s K M, BEITS e R m A, (RS UKL TS eI R
7E Anammox [y Bt , EPS & £ 1 60.3 mg-g™ # K % 93.8 mg'g', EPS/EPS_ It 1 2.44 3 £ 3.05; 1E
CANON Fil SNAD B Bt , EPS & £ +57F 122 mg-g™' 247 I F i3, EPS/EPS, HoH 2.81 548+ =
2.92, X5 SNAD J3 ghid # ip ks 75 8 KORi AR 5 FL I B R AR W) 4
2.3 SNAD-MBR Bzt f2 R EALISREA FT-IR R EERRZ KL DT

il 32 FT-IR X% SNAD-MBR T. 2 & [7] 5 3l By Bt oK W ks v Jedtf 47 T/ dr o a0 &1 6 s,
Anammox., CANON F1 SNAD 3 /> B Bt oK W] Jki 15 U 52 SR AH 3 A Y20 AP IR, 39 7E 3 443 em ™' b &
PR 5 1 IR WS RO, SR AR TSR 2 S 0 N—H I O—H M 4R s 31 ; 7€ 2 940 cm ' 4b
FEFE—ABE5S R W, SRR S A ML C—H ORI 4a R 2 ™5 2337 em ' Kb AT B R4
ALY CO, 512 1654 om! Ab B 5 Z0 0 Wic ity 051 PR 2 1 B E e 1 €= O Fil C=C i fli i 25
1403 om™' &b W (R Fifi B B R AT 32 BI04 5 AL ITIX O—C—O X AR B A 3¢5 1044 cm ™' 4k
hZBEY RN, FE S C—O0—C RIS A XB, RN, RARSAHBRTE R
LT AT W (AN AR I, (HJR W50 B A7 7E 22 5%, B SNAD-MBR T.20)f ghad e (Wit , #5104
S IR B, RIS RS R R AR R, XSRS e i — Y Uk AR

W, AR GRS A BRI S TR WL B AN IR AR, R, X 4% B BER BURLTS TR By 2T

1

1

|

: Anammox
. CANON /
1

1

1

1

1

1
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ifes/om- ictg/em
(a) ARIIEF 7B BT TR A T- IR (b) Anammonxlj B2 A58 FT-TRE 5
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W /em™!
(c) CANONRBOR AL T5 U2 FT-IRYGE M
X ~ - S At 2 005

P /om™
(d) SNADK BRI ¢ FT-IRJGHE Mt
X rSHolh &l &

B 6 AERBNMEBKITIRE FT-IR EMELFZ | X (1600~1700 cm™) ZM SH S HHEBMBNELIE
Fig. 6 FT-IR spectra and second order derivatives of amide I region (1 600~1 700 cm™) resolution enhancement and curve
fitting of granular sludgeduring different start-up phases
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ARG BERE T IX (1 600~1 700 em™) #E47 4047, JFal By A i & P15 38 8 8 A i /s 2=
S, MrEERAE 6 s, Hoh 4 R REEMAEXT SRR 2 R, —BORUL, oI EAB-HT B+
B 5 ) HAE T PN 2R S SRR K Y 2 o MR E/(B-YT B TG R A i) E AR BRI, A
Ji oy F R BB 50, X FEE AT T NBUK A R, 15 05 U8 & s sk Pk
HEER PO, AEARWFIT R, 4 B BOBURL TS U8 B9 o-MEUIE /(B4 B0 HL I 3 ) HE A AR R = KSE (P0.5),
% 5 FANG &PV pros 45 2L, IAh, Bl SNAD-MBR T 2B s B a9 #EvE, o-i20E/(B-Hr &+
B ) HC LR RRAR, UL YS e 8 1 BB K M T, XHORE TS U8 A9 T A B R

x2 FRBHMEBASRESR-REH S

Table 2 Proportions of protein secondary structures of membrane foulants during different start-up phases

G REELE o- 12 iE B-iTE TEHI a-BRE/(B-Yr B+
(1610~1625cm™)/% (1 648~1657 cm™ )% (1 630~1 640 cm™)/%  (1.640~1 645 ci™") % TCHLIA )
Anammox 14.61 15.71 13.48 15.40 0.544
CANON 16.15 15.97 14.08 15.49 0.540
SNAD 13.59 15.19 13.68 14.76 0.534

2.4 SNAD-MBR /5 i3 12 7 i hi i5 e 3D-EEM 73 4
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Changes in granular sludge characteristics and their effects on membrane
fouling during start-up of SNAD-MBR process
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Abstract The simultaneous nitritation, anammox, and denitrification (SNAD) process was started up using an
upflow microaerobic sludge bed-membrane bioreactor to investigate the dynamic changes of granular sludge
properties and membrane fouling behavior, -and assess the correlation between granular sludge properties and
membrane fouling rate by the statistical principle. The results showed that during SNAD start-up process as
shifting from anaerobic ammonium oxidation (Anammox) and completely autotrophic nitrogen removal over
nitrite (CANON) processes, ‘the mixed liquor suspended solids (MLSS), extracellular polymeric substances
(EPS), soluble microbial production (SMP) and EPS /EPS, ratio of granular sludge showed increasing trends,
whereas SMP /SMP, ratio and sludge volume index (SVI) decreased gradually; Fourier transform infrared
spectroscopy (FT-IR) and three-dimensional excitation-emission matrix (3D-EEM) spectra analysis results
showed that the protein hydrophobicity of granular sludge increased gradually, and tryptophan-like substances
played important roles in sludge granulation. In addition, the membrane fouling rate decreased from
1.21 L-(m*h*Pa) " to 1.08 L-(m?*-h*-Pa)', which was mainly owing to the increased the particle size of granular
sludge resulted from the increased EPS /EPS, ratio; statistical results further revealed that, compared with other
granular sludge parameters (MLSS, SVI, EPS and SMP), SMP /SMP, ratio had a stronger positive correlation
with membrane fouling rate; SMP /SMP, ratio could be used as a prediction parameter of membrane fouling
rate, and the corresponding prediction was £,=1.638SMP /SMP -1.398.

Keywords - SNAD process; granular sludge; membrane bioreactor; sludge properties; membrane fouling
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