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the influent nitrogen to sulfur ratio (N : S). Effects of nitrogen to sulfur ratio on aerobic granulation and
variation of COD, nitrogen and phosphorus concentrations in the reactor were investigated, and the
changes of the microbial community composition were analyzed by microbial genetic sequencing. When
the N: Swas2 :1 and 4 : 1, the sludge in the reactor was in a continuous bulking state and could not
granulate. At this time, MLSS was 1. 104 —3.647 g/L, SVI was 137 —=416 mL/g, and SV, was 40% -
60% . When the N : S increased to 8 : 1, the sludge loss was controlled, and the mature aerobic granular
sludge with the particle size in the range of 0.4 - 0.8 mm was appeared on the 72nd day. At this time,
MLSS was 3.27 -5.17 g/L, SVI was 36 —67 mL/g, and SV, was 12% —-20% . After granulation, the
average removal efficiencies of COD, NH, — N, TN and TP were 95.51% , 99.62% , 61.30% and
25.62% , respectively. However, the removal efficiency of sulfide reached 99% during the cultivation.

The microbial community diversity of mature granular sludge was detected, and Paracoccus, Meganema
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and Azoarcus belonging to Proteobacteria were the dominant bacteria.

Key words: aerobic granular sludge;

VR BRRAR A K 2R AL B L SO; ™ 4k I
SHBRARHY , A I it R e B B i 9 K
A S0 B A R AT T AR i A AN el
IICE AR5 U8 (AGS) AR AR £ E
RIS o AGS T 1991 4R E IR IL, il T Ak
(A= P2t kg S P RE G i 8 B LT el 67 LT A
L7/l IA G N EI B SR NG F  E INE AV <l DB
T A R A AU R TR B E Y
AGS, it FLd i 5 S 1 AL 1 B JE IR AGS RE A5 1t [
I 4 S B B 7R 1 ) A A Ak SRS AR . R ALY
T 5 5 |5 e R I BORURE A A, B 2k oA fol A
Y= e B AT T3 R B A A AN (L RE RS Bl
P AGS B HL, T HAT T (ol A= 1 - B 22 i
IMRAE YIRS AGS FRRsE e, i i R B 11
FRARTE B IE R ABL L (N = S) XE siAR € /Y AGS
SN E o S I 1 P K SRR EE IR AGS (1Y
T AL, I 556 AGS RIS KX &5 54 W)
L BRECR , LU AGS FE5 BAL W IR K A H Y
PR S
1 RIS ik
1.1 KRS

B0 % BT DR SBR B I 8, ILE 1.
SBR I K7 4 0 BLEER AL P60 10 om, 2 75
JEh 60 em A RGE N SO em , HRGHARIL S ¢ 1,
AREBN 4 L, HEASZETRITA, VT
DR T ) W, SRR R 1. 41 en/s,
SBR S N g Bz A7 0 4 b, AR koK S min AR AL
B 225 min i EPITE S min K S min, (RFRAC

nitrogen to sulfur ratio;

nitrogen and sulfur removal

FoA 50% o S f 2R R TS U85 SR, Jo ) B 2
B 06t 3 BB ER I RIS T UE . RIS L =B Bed
FEI 7 2, BN K R BT, 5 5% AGS 155
TR B SR BB o

HEKH

& 1

Schematic diagram of experimental device

R E
Fig. 1
NI R K RIS

IR N TALHLE 7K, COD (NH, - N TP i

BE4551 4 800 .60 .8 mg/L, Ca’* F1 Mg * e iE 144 10

mg/L, S % Na,S - OH,0 fs i sl itk k

i bt , oy 4 4 4 Yk R 2 NaAc, NH,HCO, |

KH, PO, .CaCl, MgCl, - 6H,0 43451 1. 025 .0.339 .

0.045.0.03.0.084 5 o/L MR TZEER N 1 mL/L,

T J0 2 I 4L I R 2 EDTA | MnSO, - H,0,

ZnS0, - 7H,0  H,BO, .KI, CoCl, - 6H,0 . CuSO, -

5H,0 .(NH,)Mo,0,, %} 0.05 /L. i3 7k pH

fHR7.0~8.5 RN (25 +2.5) C, R ZIR

TEURIR T3 15 K it 5l s, 1

MLVSS/MLSS 4 0. 85, YiFF# A 15 ~25 m/h, %

1.2

.92 .



www. cnww1985. com K

FR, 5 R AT AT BOBUE 75 R A R R v A DL RUR B AR

H3T A H19H

T RO s TS Je vk 2R 3. 14 ¢/L,
1.3 StmBEA*
1.3.1  HHAR R BI & 7 vk

COD SR FH PR 3 85 AT A 1 A v 0 7€ 5 Ak ) R
PO 28 — WSR2 D66 BE YA E s NH, - N >R
PG AR 73 006 BE 1 5 s NO, = N SR N -
(1 -Z0k) - & e Ioe kI s NOy - N 2R
FHBF AR B 3 D66 B 5 5 TN SR R ol o R 40
TH 525003 600 B2 00 7 5 TP R T 3k i 2 441 0
fl—BRBE T 3 D6 BE R DU A€ 5 pH {H . DO 4351 5k H]
fEHE pH TRV A 8GN 7 5 SVIS (5 min {7576
PRFRFE ) (MLSS HR Y I SR T vk 0 A 5 0L
15U HIE G AR O 2% 2 U L% s BORL TS Y 1Y
BEAL R PR 74 4 2 0B (SEM) WLEE s 0L 5 1) 14
KA R ] 7R SCHOGRLEE A & o
1.3.2 BUEYIZ RN T vk

B a5 ke, R & E. Z. N. ATM Mag -~
Bind Soil DNA £l DNA ¥/, PCR § 3% 519
341F ( CCTACGGGNGGCWGCAG ) F1  806R
(GACTACHVGGGTATCTAATCC) , 4 |n] 16s rRNA [y
V3 - V4 X, Y IG5 i barcode X 40 i T
B, IR A F B QC, Z BRIARRr ML 1 7 1
Feirity o R OTU B304, Ve 4 de i 9 7 51
VE AR FF I A F B2 o 1A
2 X5tk
2.1 HFEBATRMERTRE

TEUFEURL TS Je i B S # vy, V5 TR 25 it
FERRIE R AL IR 2, Horp 8 2 (a) ERRAZE BN
R R 30 d( x100) .60 d( x100) F1 72 d( x200)
TS I BRI e, T OB T5 Jle Y SEM fif
Fro RS 1 BrBe FEMI#EK N =S 2 2 0 1, A &R
TRAGHE 73 51 4 60 #1130 mg/L, LB B A% B
HPrEL, T e mh A E IS, B b b (0 i R
@, 15K, MLSS T % 1. 104 ¢/L,SVI, {H
B2k ETFE 416 mL/g, SV ZEFFLE(40 £5) % X £
SRR N AR A BB 3 B A8, ER 43 1 R i A
S

552 BB, O 1Bk TE VR B K S 22 AR TR Y
AR TR N - S 2 4 0 1 LB K aR AL vk
15 mg/L, 15781 SVI, {HZHI%ZE 48.37 ml/g,
(DGR 7/PIR CREINES B2 S WRER/ A KRS R Y T N -
bR TR 56 RUUEHEK N = S Jy 8 ¢ 1 #hf7H;

It L gRHEASR 3 BrBeo 55 60 K, K2 g T
i R BRI G 8 , 250 72 RINBURLTS e AR i

- MLSS -=SV;

- SVI;s

W B 52 BB 53

o 400
2 st _
T 4l 300 %
7 3 Loao E
N Z{2m0 £
=

o 100 %

A L L L L N 0
0 10 20 30 40 50 60 70 80
t/d
b. MLSS .SVI; Fll SV 145 1k,

2 EREESRMKSENEWL
Fig.2 Change of sludge morphology and settling characteristics

p ] 2 AT R R TS U R HRE £, N
R, NGIE AR B Rk, 15T BRI,
B2 ELAE0.4 ~0.8 mm Z[A], 75 e POkIE K5
SVI f 250 mL/g [¥ % 36.51 mL/g, 15U 50k i
J& , RO g IR HEVE , 15 V3% o 30 d, MLSS ZE ¢ 4E
(4.678 +0.5) g/L,MLVSS/MLSS 2 0. 80,

HR A URL 5 Y8 1% 5 1 i v TRt R B AR
e nr g0, S K R F AR, 22 4R 181 R 10 1A, Bifi
H R T, BARTE— T N 22 R85
P ABPRTGIe B AL U s AR T2 8 ¢ 1 I, i
UiiFRi AGS, iy SEM ] i 55k & 7 AT A, 224K
PAREZEURL N A1, AGS 1l & S BR T AT 7 S5 B Al —
AEERR" o3& B AU E AU A T TS JR
KT B, 1T LA Bl 35 37 H 495 7 25 S e 1 B0
1578 .
2.2 ERUEMIRENTH

RIEWMAEY 6 R H B TR RS I 2 AT
R, B RS A R TR RS UKLV E , fi
TSURASAGH Ryt o B 3 R RS U B R i
H K S R EYIRIE B, TR YK N = S
g2 L, K NOS = N ¥R B 0. 29 mg/L 1y K5

.03 .



H3T A H19H

T OE % K H K

www. cnww1985. com

19.22 mg/L, NO; — N ¥ i 21. 20 mg/L [% %
10.80 mg/L, Hi7k NH; - N ¥ B 0. 16 me/L T} 5
8.16 mg/L HAkZE T, MK N: S K410,
H7K NO, — N ¥y 10. 80 me/L f& = 0. 20 mg/L
HHBETERE, 1K NO; - Nk EZ# ETH, IF R
FETE 40 mg/L 7247, K NH - N ¥ B i i 5
16.32 me/L [ 7 0. 38 me/L 3 H5E 2 L I 28
SEEL T ASE WHAL RO . MK NS O 8 1 1 I,
Hk NHS - N WAL T 0.5 me/L,NO; — N i -
%14 0.43 mg/L,NO; — N iR JiE 5t FREfa % &a i
JETE 25 mg/L /edy . BEE 60 KIFUh i BUUR 4B
i, 7K NOy = N Wk B2 R R A i .

- JE7K NH;-N -e- 11 /K NH;-N -=- 17K NO,-N - 17K NO-N
%1 BB %2 BB 53 B
60 .

60

0 10 20 30 40

t/d

50 70 80

B3 sk NH; -N.NO, - N NO; - NiREmIEH
Fig.3 Change of NH; —N,NO, —N and NO; - N
concentrations in effluent

HHAKN S 2 LI, NO; - N RERAZ
LWL AR AL RS 2 16 5, AR A p s P8 e (H
TERE SR R TPl S R B W 2, i 1 11 8 i I B
BRI g, MK N STHE 4 1w, K
SR TARE , (H 2 I B & N 75 P N Jik
FEBEFFEEIG NN, 220K TR B A 1 ARt v 1 oA 36
W, JCEERE IR AGS, dRZiThmiEk N S &8 1 1,
TP BURL 2 7 BL JS 7K NO; — Nk R RE, H
NO, - Ny A A4l gt U B il T 0K T35 e A9 4
GRESH , OB R R AR T TRAE S AR AR, I HLAE
BRALYI SRR WY A, AT BEAFAE 4 B AR
PR, 2B T AP ARG
2.3 WFEBKTIR IR R BRI
2.3.1  ARIABLL T ERMEERICR

RGNS AR ZBRACR I 4. KK N =S
(4 2 0 1 I, HeM B ZLARTG T F AT R B AU
LTS PR T 21 28 T o 5 3 5 2o 78 vh {5 i 2ok B W
2K,DO Y5 pH {E i i, JC il 4023 18], A F T
R H TN KRR IR YIIAERFAE (44,95 £5) % , HiK

PR (23.12 +4) mg/L, HEHKHK NS
fHFN 4 2 1, R R, oK TN ¥ B 4k 5 7F
(30.11 £4) mg/L, EF kK N: SHEE8: 1,
7k TN SR 29. 22 me/L.

- HEK S e KB - A R R
51 BB 52 BB 3 B

70} 1100
~ 60 180
= 50} 8
£ 40f 100 5
2 140 %
w 20 120

10}

! H 0
0 10 20 30 40 50 60 70 80

t/d

B4 TNREMTL

Fig.4 Change of TN concentration
MK N = S AHBARET, V506 ™ H i K, SR
A A K B R S K P I R OT R W e
JBLas X TN /b BB AEH . WIS K N = S
HJG , Bt AL AN P52 M S A A 40 1 1 1E 6 2B A 3
H5 R ARG RIfE, TARREIE®EIT, TN 1y
EERBEAR, STk N 2 SHG, 22 REA
FEBI TS VR ik, AGS B Wi TE AL, 24 IR 480 4% X JE B,
J& , R AR L T A AE IR TN 2 R 3245 3] ik
— A, SR IR AL 55 B Y B Ve ORL B 4
SRIBIAN R, B s E Y Uk ) S5 AR e . M
PN+ SHEREE, & N = S I RGER MBS
[ TN LB, JF B AGS 25 ¥ 1 52 fig 42 &5 TN 1y &

2.3.2  RIREmL T BRI 2 bR
Bl 5 kg S50 g 7RI K 5 -k B 1 A2 Ak
MK N = SAH N 2+ 1B, X5 A9 Bt 674 o 0. 09
kg/(m® « d), 2R 1  MLSS [ % e 1%, 15 e &
R/ DS A AR AR %o B A 0 1) K5 i BB 0 °F B, (HAE
SRR, T RUE RIS s A A R
YER A — BB B 1 BR8] 2
g N AN EE IR AGS B AIANE ma % A 9 1 2
PRACR . FHEik N = S &4« 1 FiffFEE 0.045
kg/(m® « d), KR ER N RYTS TR B IR R E , MLSS %
W B2 3.67 g/LfH SV, {EA L2 60% , ik B
T TSR s, 5 1R T 22 R A Y i 1 0, (HJE T
SRR ALY B 2 BRAE ] o RS THR K N = S
Z 8 ¢ 1, {5 kAT 245, MLSS F2E 75 (4. 678 +
0.5) &/L,SV, [HEHITE 20% LI, SN 28X i Ak

.04 .



www. cnww1985. com

ROk, E BRI A T R e AL R LR

H3T A H19H

DA 99% B2 bR, 5 60 KI5 Je T i Hh Bl Ak
(SR, S e P AIURL AR 1 B, 220K B A
AT A Y R EE  © A OFTEUE , BRI AL HiT
A L2 AR B SE ST RE 2> W6 B 22 1) EPS HONRUZEY)
F SR A LR 2, o sk R 9 96 T LA s B
ALY ) T 22 ) e AE T 1 BYJE il AGS. [
RS 72 KGR AR BRI TS U8 o (H AR UL
TS B KR 2R S8, R GBI, X
A RS 2 AR A L83 2 T U 25 R

o HEK U o KM B - 2R
51 BB 52 BB 53 Bk

~ 30
25
20
15
10
5

- ‘ 0
0 10 20 30 40 50 60 70 80
t/d

WePE/ (mg- 17

ES mMBEFREMNEZL
Fig.5 Change of sulfur ion concentration

A5 RN, B 54 = ST 5 e Bt Ak )
AR A E ALK R EA R0
W et Bk B 1 P Tl ) 2 B 23, AR B4 Tl
N 25 T RE AR AZ (AL B0 g 4k, 0 8 P 97 Aip AN 23 1
JSCSE s H DA 5 8 B 3t 2K DT 55 i) LAt 75 G )
(1) 2 BRASCR T HLEE 25 ) 55— LR Fh ) 35 P , i
Tk
2.3.3  ZHm b5 A0R TS e B R SR B R T A AE DG

BRI A] LA B SR AR G A Ak
PO S R A TR, 2E 115 B S5 R 8 SRy
KLV 8, TIE 24 F T 25 - RE 0% (i S 4 75 3k e 15 18
1 QEO i RE 28 N R EZ 2 N S I p AR AR IR S/
TE UL 5 T8 1B 2, O LR AR R e
TR A A s T R B, 7R 2 AU ik
B 99% Wy EBRF , dEK Bk ) B A AL
BRI AR , Ak 27 B 0L 3 38 o T A Ak S i R, oAl
PR B T A H A AL B T R a2 B
SEEL T H5RMPMNA B SRR A e AR rh 4R A
AT 0.18 kg/(m® - d) ,ZEFEAK NS Jy2 1 4%
PFF B 0.09 kg/(m’ « d) , 8T SN i AEZK
Z TG 5 e EIE K IE A W o IS VR B R
B, TN LBRFAN (44.95 £5)% , $EmifAk N = S
F4: 1L HGRFEHR 0.045 kg/(m’ - d) 584k

TR, TN ZLBRFHERE 2 (38.68 £5) % , KRG
PR R IR A R = AR ) o Ak Edit iy
YK N : S &8¢ 1, Bififii}0.022 5 kg/(m’ + d),
TG IRREIKAT 2N , 7Ei2 1T 255 60 KA, V5 e JF 46
RAE T2 d ISR UKL, %0 Y IR AR PR 55 RE 52 R
AL, B %t TN By 25BR3e . 7E/ N = S 4R
T, AL S BOMER A HS BT Ve TE BSR4, SR
SRS R AL 23 1], TN S35 L Br#858 ) 61.30%
A AT PRRIE G , 1B 4T i A L 8 1 IR 4R is
At B, AT AR B SRR AR A

2.4 AEREFLTCOD 5TP BEBRHE

SRR X COD Fl TP [y L BRI AL ILIE 6,

- JEK B .- COD KRR
KB TP LR
952 BB 553 B

-’k cop
-+ ik COD

51 B
800
2700
= 600}
2500

t/d
E 6 COD 5 TPiREMIEL
Fig.6 Change of COD and TP concentration

R R, R EFVEK COD 5 TN B 43 31
7 800 .60 mg/L,COD fifif Ay 2.4 kg/(m’ -+ d), 4
KN SHEN 2+ 1 EE, 7K COD HREEH 13 mg/L
FFFE 66.60 mg/L, /K TP ¥k Ji iy 3. 08 mg/L I
F%5.86 mg/L, [ i N Vi BE B AL 5 e 1
SIRHAEYIRE R AR, AL S BRI B 1 2
SN B AT LY 3 B T RO AR COD 5 TP
BRI 2RI TR Sk N S{HEFZ 41 1
B, Hi7Kk COD |y 76 mg/L [& % 29.33 mg/L, 7K TP
W h 5.86 mg/L F+ % (6.72 £0.3) me/L, il
TREFEIPMABRAC BT, S 2% B 7 5230k
YT S WG N T REE % COD 1Y :BRAE T 2
Perm  (HRBERIE PRI R Z 34 . MK N = S
BFH2 8 ¢ 1B, SO A% N B A: 1 i iR AR E ,
7K COD ¥k BE4E 575 (35.73 £5) mg/L, 7k TP ¥
JER'5.95 mg/L, 3B S h i N B A 0 00 B AL
(4 H I 2R 3P A7, I HL SR B8 71 Ak T e R s 4 i)
FREE . 7EREAS IR, TP LBR R AL, X &R T
T BB 23 52 ) SR 838 781 15 e, T 7E 42 B U X
A AR ) TR AR . 2 5 Wi SR R R 1 I

.05 .



H3T A H19H

T OE % K H K

www. cnww1985. com

WA

£ B LA, ARl B R FL AR XS COD 19 £ BRAL
RPEARCRIE I, MK N - S{HTF R4 1 1 A,
COD L BRECRIG R | —E R mf#a TR E 5 TP
FERAAELLSE T, B A 2 A 5 A TR B R AR B
TICEAR LA LBR, R0 T R B, 1675
2.5 WMAEMBEEMNEL

N T 2 BA B G e Y R A W v 2 AL
e, 187 F TG P TE TR KPR A M e T A
A
1007
80|
60|

40t

AR /%

20 ¢

0 E- /NI IE A
Hike 5l
7 EEFERT R AT RER KT ERREY
BREEMN T
Fig.7 Microbial community structure distribution of
inoculated flocculent sludge and mature granular sludge at
genus level

JIF A 5 YRR A v B A AR W B 7 AT KRB0 o
% % & W 1] ( Proteobacteria ) . V¥ % 18 I
( Planctomycetes) \fUUFT B | '] ( Bacteroidetes ) . &k
"1 ( Verrucomicrobia ) .BRFF 1 |] ( Acidobacteria ) , 15 Ji§,
BBURL 5 e Y o e o 90.4% (1.2% (1.3%
3.4% 1.7% . TEkLiG e FRit v, A2 fb i W
BN Meganema , J& T2 L HT T, HAHE R K P
IFEAS reads % H i 1 004 AN 12 092, 3% 5 iy H
FEFFR , R A3 N5 K TP AR S e A A OG
YLHATE IR INE BRI 254 T R A3
BEATETTACALE T A K. WA Paracoccus
AT, A ERE LR 30% , BE A AP L ERIR, AT 64T
USRI AR 5 24 A A7 PR T R DR HLAF TR A PR 6 51
TEARBRERES , TR Paracoccus BE LT AT Ry HL 32 44
AT PR AR, B AR il A B
PR Je R A K& W BRI E |, i A i
FBEHEN L I W Paracoccus , EHITE UV A%
AT AR UKL Y PN R AT LA [R] B iR AT R A R

I IR T2 AGS JEIE TN EBRBCRIG R &, 1
S TIZ W R 0 8. Azoarcus g [E A IR & , I
BEPIZKFRYREAS reads B H i 255 #m31 023, 1
RN AEGF A AT T BE B AR [ 0 522 IR BT 1A
T REHE— 2P SO s I L ARE 1 . DEVO07 22
REE, HAHRT R 3. 4% | 38 o 33 v B 2 BB
(AR5 e AR T i 58 BB B, X e 22 R AR
K EWmE R EMAEDEN P LT
Altererythrobacter ,iZ# A IR FF 1 & , H 3L R 7K
FIFEAS reads ZCH Hy 2 193 2 168 1% 18 S L 45
B0 i LA B A 5 24 55 U BLAT ) Iz i

sz (7,15
B AR

P 2 P o0 BTt SR o] 3 a4 ) R L, T DA
BRI A AL R 8 Paracoccus F13d 1Y 22 4R,
AMUAERR A AGS (45K, iR e de =5 AGS 1 I AU RE
77, 38 3 o U E B 2R AR B AGS A 4 5 K Ak
FRRCRITE T o

3 it

@©  FIHAFE 7K R SR AGS, 5572 K
IFSEBL T SBR SO i N ZUIR TG PR 15 U8 1 kAL , 44
KEB T WURLKIAELE 0.4 ~0.8 mm N, AR AGS A
A RUFHTTFEPERE ,SVIS {2l 36. 51 mL/g, MLSS 4
F1E(4.678 £0.5) g/L,

@  JURLE ek IR L v, 3EJK COD i fif
NH," - N fafif 4> I4EF57E 2. 4 kg/(m® - d) F10. 18
kg/(m* « d) T ROBRAL B0 £ for T B2 A8 B0 2
MIEAT, B 0.09 kg/(m’ - d) B FELZ 0.022 5
kg/(m® « d) KR N SH2: 1 FFES: 1,
SRR TS UE i 1 T W R A% S 18 58 N A
MIBRAIRT R EE RS, K N 2 S{E 8 & 1 I,
G I 222 R R KA B, T le A K. 19
PRALIE , KRG 4 COD \NH, - N TN TP fF-1
R MEF T 95.51% . 99. 62% . 61. 30% .
25.62%

@ AT AE S BRI LRI Je ks
TR RBRRRL TS e . 752N, K B
e st AL B R AR 25 1, R R AR B Uk
JE 2R R T 5 SO Ak R A PR, 1 1T R I S K
TN TP ¥ g,

@ AR SR AR A T 2R A SR R
15 YR TE F VA il SR B 25 F T o REAS B A 19 O K
UKL Y8 B 45 14 R 1 RE TR Bl 52 IR [] 26 i 1k B A

- 06 -



www. cnww1985. com KRR, E RS AT BB 5 AR R v B L R AR AR %37% %194

ft.o Paracoccus 55 Meganema FETE /5 B TR AL B8 Tk
JEFIE® Ao

SE Lk

(1]

(2]

[3]

[4]

[5]

[6]

(7]

[8]

YANG W, ZHAO Q, LU H, et al. Sulfide-driven
autotrophic denitrification  significantly reduces N,O
emissions[ J]. Water Research,2016,90.:176 - 184.
ZHOU J H,ZHOU C Y,YU H C,et al. Determining the
effects of aeration intensity and reactor height to diameter
(H/D) ratio on granule stability based on bubble
behavior analysis [ J ]. Environmental Science &
Pollution Research International,2019,26 (1) ;784 —
796.

ZHANG Z M,YU Z D,WANG Z H et al. Understanding
of aerobic sludge granulation enhanced by sludge
retention time in the aspect of quorum sensing [ J].
Bioresource Technology,2019,272.226 —234.

LIU Y, TAY J H. State of the art of biogranulation
technology for wastewater treatment [ J ]. Biotechnology
Advances ,2004,22(7) :533 - 563.

RUSANOWSKA P, CYDZIK-KWIATKOWSKA A,
SWIATCZAK P, et al. Changes in extracellular
polymeric substances (EPS) content and composition in
aerobic granule size-fractions during reactor cycles at
different organic loads [ J ]. Bioresource Technology,
2019,272.188 —193.

JAHN L, SVARDAL K, KRAMPE ]J. Comparison of
aerobic granulation in SBR and continuous-flow plants
[J]. Journal of Environmental Management,2019,231;
953 -961.

HE Q,ZHANG W,ZHANG S, et al. Enhanced nitrogen
removal in an aerobic granular sequencing batch reactor
performing  simultaneous  nitrification, endogenous
denitrification and  phosphorus removal ~with low
superficial gas velocity [ J ]. Chemical Engineering
Journal ,2017,326.1223 - 1231.

WANG Y,WEI D,LI K,et al. Response of extracellular
polymeric  substances to the toxicity of 2,4-

dichlorophenol in aerobic granular sludge system:

.97 .

(9]

[10]

(1]

[12]

[13]

[14]

[15]

production and interaction mechanism [ J ]. RSC
Advances,2015,5:33016 —33022.

LIS S T I N T R L RER AN ALIN
R R AW BERE [T ], BREERES:,2010,31(2)
273 -280.

PENG Yongzhen, WU Lei, MA Yong,et al. Advances:
granulation mechanism, characteristics and application of
aerobic sludge granules [ J]. Environmental Science,
2010,31(2) :273 —280(in Chinese).

NGUYEN P T T, VAN NGUYEN P, TRUONG H T B,
et al. The formation and stabilization of aerobic granular
sludge in a sequencing batch airlift reactor for treating
tapioca-processing wastewater [ J |. Polish Journal of
Environmental Studies,2016,25(5) ;2077 —2084.
VASHI H, IORHEMEN O T, TAY J H. Extensive
studies on the treatment of pulp mill wastewater using
aerobic granular sludge ( AGS ) technology [ J ].
Chemical Engineering Journal ,2019,359:1175 - 1194.
SWIATCZAK P, CYDZIK-KWIATKOWSKA  A.
Treatment of ammonium-rich digestate from methane
fermentation using aerobic granular sludge[ J]. Water,
Air, & Soil Pollution,2018,229(8) :247.

ADAV S S, LEE D J, SHOW K Y, et al. Aerobic
granular sludge: recent advances [ J]. Biotechnology
advances ,2008 ,26(5) :411 —423.

ZHAO X,CHEN Z,WANG X, et al. PPCPs removal by
aerobic granular sludge membrane bioreactor [ J ].
Applied Microbiology and Biotechnology,2014,98(23) .
9843 —9848.

PRONK M, BASSIN J P, DE KREUK M K, et al.
Evaluating the main and side effects of high salinity on
aerobic granular sludge [ J]. Applied Microbiology and
Biotechnology 2014 ,98 (3) :1339 — 1348.

EERN RIK(1995 - ), 55 il AL, B 5
AL WFSE T 1) R 5 KA S SR

E - mail ;2833803154 @ qq. com

WS E A :2020 — 04 — 14

&[5 B #7:2020 — 09 — 22

(iR XU5EHF)



