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RILZLAR B S5, P34 TN TP ERRRBRINE 51.48%. 72.46%. 54U 8] 1.5h I ,MLSS & 3501mg/L %IK,{H MLVSS/MLSS(A T 4 0.95, 15 B v vt 1
T AR AT, 0 R W A A KR A K B A I TR K & 1,50, B A/O/A T EE A 1:1.6:1,PN/PS 382 6.89, itk s a2 VEAS T 95, 76 1h LA B4
IS ) SEK ) LB-EPS 5400 5 K H Xt EPS & & 5% M AN K 3d 1h WI%E TB-EPS 5% 5k H. EPS ¥ hIZE 126.16mg/g, 4k 4: GE KB4 N 18] 2 2h I, i Tt
Yy K AT ORI PN PS, i EPS & B INZE 479.92mg/g.
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Strategy regulation to improve the nitrogen and phosphorus removal performance of SBR aerobic granular sludge. LI Dong]*,
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Recovery Engineering, Beijing University of Technology, Beijing 100124, China; 2.State Key Laboratory of Urban Water Resource
and Environment, Harbin Institute of Technology, Harbin 150090, China; 3.Beijing Municipal Engineering Design and Research
Institute Co. Ltd., Beijing 100086, China). China Environmental Science, 2022,42(10): 4581~4587

Abstract: Mature aerobic granular sludge was inoculated into the SBR reactor at room temperature, and the actual domestic sewage
was used as the influent matrix, and the A/O/A time ratio strategy was combined with gradient feeding to improve the denitrification
and phosphorus removal effect of the sludge. When the anoxic time was extended from 0.5h to 1.5h, the efficient denitrification and
phosphorus removal can be ensured at the same time. At this time, the A/O/A time ratio was 1:1.6:1 which made the average TN
increase to 81.27%, the average TP removal rate to above 90%, and the average COD removal rate to above 85%. Meanwhile, the
simultaneous nitrification and denitrification (SND) rate decreased to 25.24%, and the ratio of anoxic and phosphorus uptake
increased from 0.43% to 2.81%, which further indicated that the denitrification contribution of denitrifying sugar bacteria (DGAOs)
to denitrification increased at this A/O/A time ratio. When the anoxic time was extended to 2h and the A/O/A time ratio was 3:5:4,
excessive hypoxia led to the endogenous respiration of microorganisms and the reproduction of filamentous bacteria. The average
removal rates of TN and TP decreased to 51.48% and 72.46%, respectively. When the anoxic time was 1.5h, the MLSS was
3501mg/L which was lower but the MLVSS/MLSS(f) increased to 0.95, indicating that the non—functional bacteria were washed
away. The bacteria with nitrogen and phosphorus removal functions can grow in large quantities. With an extension of the anoxic
time to 1.5h (or the A/O/A time ratio is 1:1.6:1), the PN/PS increases to 6.89, so the stability of the particles was continuously
enhanced. The extension of the hypoxia time to within 1h had a greater impact on LB-EPS and EPS but little effect on TB-EPS. The
hypoxia time more than 1h had a greater effect on TB-EPS and can make EPS increase to 126.16mg/g. When the hypoxia time was
extended to 2h, the EPS content increased to 479.92mg/g due to the massive death of microbes that intake PN and PS released from
endogenous respiration of microorganisms.

Key words: SBR; AGS; anoxic time; LB-EPS; TB-EPS; nitrogen and phosphorus removal path
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1.1 SERAEE 5IsT54

KA LB EEHIR ) SBR W g, K B 3E
7K 75 3 EZKHT 3min LU R FE 1K, S5 30min LAER
I BEREK TG 2 Fhad B ik AR AR B AR ). AT R
RN 6L K Ly 2/3, 5 50em, E A2 14em, JLIZ1T 4
AN B A B BUKIRAK A B BE T 0 23°C B BT N
23°C, MBI 18°C [ BEIV g 18°C . AEAN BER FH TR
—41 SBR V.5, BERISAT 4 ANl ], DA -l 4tk
ARIBAT, B ) 360min. BAASHUNL K 1.

F1 REFEITIR

Table I Operational conditions of the reactor

BATH BT R HiK JRE B plE K
B $(d) (min) (min) (min) (min) (min) (min)

Ml 1~32 33 135 189 30 1 5
eIl 33~64 33 120 174 60 1 5
BB 65~92 33 105 157 90 3 5
BBV 93~112 33 90 142 120 3 5

1.2 Behpigie 555 K

TR e A S0 s o S 0 K IR AR - U AR as AT
30N BE IR W 0 G AU UL VS U8, Y TR IR BN
5575mg/L, S50 F 7K & A6 30 Tl R 22 FE 5K a8 X A2 i
757K,COD. NH;-N. NO; -N. NO, -N. TP ¥
435K 200~300, 40~55, 0~2, 0~1, 5~8mg/L.
1.3 b Sk E i

COD A1 TP 52 K 1] SB-3B %! COD £ ¥tk
O O NH, NI SR 4h R B Yk
NO, -N Wl & R N-(1-Z8 ) — & e,
NO; -N 5 R A6 VA MLSS $FK
T 5 SRR AR K FH Mastersize2000 %2 30k &
3 52 (Mastersizer2000, UK).
1.4 EPS {8577k

Jf 4 58 & 1) (EPS) $4 i o5 R 1 FAu e B 7 v 4
K 3 S e 33 T L 30mL 0kS Ve T S0mL IR
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EAE4000g I/EF )T 250 10min, i 7K & SRS e
REYH M BUE R 42 30mL B I 4000g 15
JI PG L 15min, 258 EIE W RE S H IR g2
PR T B E 25 A 30mL KRR e BT AR K
In#AE 60°C,30min, 5FRE 10min $E5) 1 7, K ETk:
V5 VTR G IAE 200008 A1 4°C R B0 20min. HHAT 3 Kk
FEA-~PATINA.EPS 8 HBI(PN)K A Lowry ¥l
5E, 20 BE(PS )R FH 240 i g sz 1 1

1.5 [AB Atk Sk (SND) % F1 CODy,

SND (%) U 48 I Be iy 4 2k UL 3 ik 4
NO,~N Atk & DA NH; -N &Rk v 80, 025X
(D), 7 M 28T N [FEXT NH; -N 88 NO,~N BRI
DR R AR B A A U 5 1 i FE i B AR P B 40—
43 S 77 B AR S A 23R IK COD, o — k4 2
PAOs Fl GAOs fi 17 A N i 1] COD(COD,), I 24 58
(2).CODy, $8 RABE N B U5 it 751 ST #E COD 1
Eet AR (3).

NH;, +NO;, +NO;,
~ NHj,-NHj,
COD, = ACOD —1.71ANO; —2.86ANO;  (2)

SND=|1

x100% (1)

cop. = 9P L 100% 3)
ACOD

mn

b NH 2 REAR NH, N K JE, mg/L;NH;, 2 1f
K NH, N K JE mg/L:NO,, il NO,, & #f 4K
NO, N Fl NO; -N ¥ J¥ ,mg/L;ACOD. ANO, Fl
ANO; g A B S AR (b 5, mg/L; COD, A A B i
5, mg/L, 1.71 F1 2.86 435k B4 it &k & 1K)
NO, -N HI NO; -N KA #E1) COD,mg/mg.

2 HR5WE

2.1 AN[E A/O/A BT EC LG B AU PR i B A2 4k

2.1.1 COD # TP LfrpbEfie et W 1a Piow,
BB I ~I1H 7K COD V34 L BrH I 85% LA
1,COD 2L R I 4> COD #7E IR B
AL Sy P B 5 A A RS R, - 38 Y B U i A7 5 (COD,,)
3N 206.59, 204.35, 207.77mg/L, P B i A7 M
RE RAF. M B T ol T UMk s Y8 AR B N TS /K
BN RNV KRS E 1~15dCOD 4 Bl i 22,1
B LBREN 79%, W BRI fig A7 =B AT T N (R AT
15d 7647 B8 IE NG TR E, LB ik 2] 90% /e
A W BEIV E ek il A 350550 43k A 400 P T TR

R PR ARAR, 22 4R B B H,COD, PR A 178.97mg/
LfHH7K COD HA 2k COD fRlf s Bt 2
RERH . EaR 5256 45 3L B, 76 1.5h 4 B G4
() K, R BT T R 1 R 4/ i 4/ i 48 (A/O/ A) B T B
2] 4.5:6:1 28 % 2:3:1 I % RGE ) COD 2[4
RE S P B R Ak A7 1k RESE AL /N AR S IE K &2 2h I,
It A/O/A I EE(Z) K 3:5:4) F,COD < B PERERI N
TG A7 1 RE AL

WK 1b Jros, BE S I 8] 2K i 5 R A
DR RE i 1L (PRA) FRIE W BRI, TP P39 i Bk th
98.39%&{L 4 72.46%,PRA 1 29.27mg/L &K%
16.67mg/L. 3L Bt T ~ITIR ol 4 R k2 A8 1k i
BeIVACR AL, T K TP 3 B i T 45, i WA Bl
ABATAE IRBEBE I BE T BRI e i H PRA fi
e, B BTG T BB Bl AT B o B IR AR A DN,
R PRA R T-Br B IT, Ui BH s 28 )R] 8 o 1.5h, %%
X AR B PRA 7 AR 25 B I8 IR 959 RO, vT RE A2 TR A
FEIE A/O/A AT L (1:1.6:1) F PRAEUS TR) AR B 1 W
BTSN RSz g R R W AE 1.5h Bl B
S TR) ZE K BT IR 1K) AJO/A B TR) EE 1 2 4.5:6:1 4%
NP 2:3:1 B, REGE TP 2B AR A B B AH IS AT [
R GREESE K % 2h B A/O/A WA EEAS ) 3:5:4 B,
AT Ay 4 B R B A e 2k R A Th P B
SN TE) A K, 2R 48 PR AR B PRA AL AN KAE IS AT B,
B4 TR E R 1.5h I, 6 PRA A5 2% 5%, PRA JT
UL RTANGS
212 AN[FE A/O/A BB EE N 20 2R PR AR
bl 1o d Fros, B T~ KA ZE LI NO;-N
0 B BV A AN 5E A PR LA NHG -N 2 354 Ny
B HIIK NO, -N R BER T 0.5mg/L Ut BT
BB NO,-N B BL [ ~ 111 NH, -N £ FRrA%
RAASK, HH 96.21% 584 93.14%(HI5 B3 R4
(1) 22 BRPEREULWIZE 1.0h P4 BEERAR I ] 4E K NH; -N
DR T2 5 MR /N HL s B R R A S AR )
Ak sLgE K 2 1.5h I IF 4G 0 H A A, BRI 2
91.80%, J&- K A 7E I A/O/A NI EE(1:1.6:1) N 748U
(1) HH 308 400 R ) S A AL FE BT 85 H NH -N 5B
RN R B A AU ) 7 0.5h ZEHK A 1.5h, HiZK
P NO;, -N BRI TN K 1 6.97, 16.54mg/L [%
iK% 4.69, 8.64mg/L, Al iy [l 0 2% SR 2 i 44 e, 1 3
TN LBREN 71.56% 77.60% 81.27%, 4 K i 24
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TR VU ZI BEEL AT 2 AN B B4 4
J R B30l 11 2% 28 ARAIE 3 S A v O3 A T B AU I
T AE KA 2h I, T iAo A P DT
KAEEFET H 22 R0 B, A BOR A2 T R, I
BB AL, NS TP LB R K2
51.48% 72.46%. Kl UL, 18 >4 4iE K G5 4 B 0] T2 B 1)
A/O/A I [H) Bl X6 o B b 7K 1 e U Bk 5 e R 4 Adb
HH A= % 7 7K T 1R ot 60 B 1l 2 R RV e ) 22 A B
FEIHE I R ) AR TR IE K A2 1.5h B A/O/A 1
(B G2k 1:1.6:1, fi6 56 4 H >~ Fd 60 RH o 19l 2 1] 1)
KA A AR RO AT X — 4510 5 AT AU 4G
PRS00 4 AN BE SND S HF AR, 6 B
A AJO/A ] EE TG40 G o803 i AU RORL Y Ve SE B
1247 SND 32 S BRI HR, AR A 2] 141
DY S

# 2 B1Tid#E COD,,COD;, SND, K2 T 1F R
Table 2  Variation of COD,, CODy,, SND rate and phosphorus

absorption during the procession of operation

COD, COD;,  SND % P40l sesslii

BBt o o
(mg/L) (%) (%)  H(mgl) H(mgl)
[(1~32d) 20659  97.80 36.84 23.80 0.11
[[(33~64d) 20435  98.76 39.56 24.65 0.20
IMI(65~92d)  207.77 9920 2524 19.73 0.54
IV(93~112d)  178.97  96.51 15.68 15.55 0.22

2.2 AN[F] A/O/A W TRIEC LG T V5 e E A2 4k

2210 GIRIREE RUIRETERE AR Wk 3 PR,
FERNBURLT Y2 (1) MLSS 4 5575mg/L, 75 XA 4L
(SVD) Yy 26. 4 ABYBL) MLSS 4354 4328, 5500
3501, 3398mg/L,SVI {4 15, 18, 13, 20mL/g. 1] LLF&
H & B MLSS BB BB T I R BEv] seth T
R GEANIE R B 5 SO 2 RORL AR A4, B H K YR D
ol T ANIE Y A A5 (10 5 A A0, A 4 3 4 R e 2R R
BB 2 BJFE FAEWBAHN A 0.89 T2 0.93,10
HIBY B 2 IR AR L 3E N BT IS, HL Th (R4
[ FE ) A/O/A TEEE 2:3:1, 38 & KB i B A K
BB 3 PRI R AH £ INE] T 0.95,454 2.1 1)
g ST A B B A R B e 2 B 1 e, 3L
MLSS T B2 T AR WA TA] 2 1.5h,A/O/A FEEE A
1:1.6:1 &AF N, RZG i ve i K= AE D ae s R B
B 22 R R 1 D BE AL B 4 1 MILSS JETE B AR AL,
HIL FERRZ 0.28, K 4 i S 4 (2h) B A

Yy IP I IR K BE T, R G R AR AL
e TF AT B B T ~TILRSURE #48 LA R e 1) 0 e 2k e
BERVE RN B 4 T 20RT5 TR 2 F1 2R B S0,
DURRPE BRI 22 . 10k S0 25 SR 3% W I e i A )
[FTE A TG A/O/A INFTAIEL(CARSEE o4 1:1.6:1),
RE 2 18 3 v ot E T fie 1A 1) 7 X AR i R 9 T e
PRI, UG i A B T s i A I 20 ) R Tt 5 0 S5 T
NgE—5,

£ 3 BITIIEH MLSS. MLVSS. SVI #1 AMLVSS/MLSS)
TLIER
Table 3  Variation of MLSS,MLVSS,SVI and AMLVSS/
MLSS) during the procession of operation

i MLSS MLVSS SVI AMLVSS/
(mg/L) (mg/L) (mg/L) MLSS){H
Herhyg e 5575 5029 26 0.9
I (32d) 4328 3847 15 0.89
11 (64d) 5500 5107 18 0.93
111(92d) 3501 3332 13 0.95
IV(112d) 3398 938 20 0.28

2.2.2 EPS /it nEk 3 FioR, 8RS 1) EPS %
o4 97.38mg/g,4 MBI EPS 1 iR ZE I HBUK, 5 5l
H 36.64,36.42, 126.16, 479.92mg/g, Ho h BBt 4 th T
o S KB ARUIN 0], A/O/A I THJ LG 3:5:4, 12 WA
B BB A PRI A P Al AT T B, 40 i
P A HLADRE TR i & 38 1 B 1 5T (PN) AL B (PS)
G 2P AR BN, B/ LB-EPS &2
TB-EPS,J&EA |- PN & PS W4 MBI
PN/PS 73 4ii 1> 3~7 2 [a].Br Bx 1 1) LB-EPS.TB-EPS
T R ARG PR, 3 I BRAK T 16.4mg/g B4
P51 77.83% 44.33mg/g(58.09%), 1] g &K
I DAy A2 3 5 7K R R A e 5t B S sk 2 6 BTN
5> EPS AR A3 A Wi E FR A I e 4L, AT
L EPS i NFERY H LB-EPS X Fh sk, 5
JECBY B 2 1) AR AN K LB-EPS #i0 T 1.74mg/g
R BE T 19 37.26%,TB-EPS ¥k /> T 1.97mg/g
(6.16%), P] FHESES T /1 0.5 ZEK S 1h Bf,A/O/A
) bb K A2 T A8 A6, LB-EPS i A5 £k 58 50k B B 2 1)
PN 34111 PS yk/b,PN/PS (i 4 ¥4n%] 5.74,1f1 PN Lt
PS B 5 54 J 3 -k AR AR FE B, B K PN
TrEA TR RER R K YE . G e T EE
B, B TR S e (o Fee 20 R A TR) 4 1h
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I A/O/A BFHEILG(Z) 2:3: D)3k en T Bk e e AE GAOs [ 2B 4 fUE W DLHEITREE I B2 # PS
Brig 3 41,LB-EPS. TB-EPS &&= LIt 0nl  BINATae S HELe GAOs AR AL T 5%, (HHT 3 2.1
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