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Optimization of short-cut nitrification and denitrification phosphorus removal
particle sludge based on hydraulic shear strength
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(1. Key Laboratory of Beijing Water Quality Science and Water Environment 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)

Abstract; Short-cut nitrification and denitrification phosphorus removal has the advantages of low oxygen
consumption, low carbon source demand, and low sludge yield, but aerobic granular sludge ( AGS) is prone to
disintegration and instability due to large particle size. In order to solve the problem of instability and ensure
sufficient anoxic zone for denitrifying phosphate accumulating organisms ( DPAOs) , long-term cultivated granular
sludge with artificial water distribution was used as seed sludge, and the particle size distribution was regulated by
optimizing hydraulic shear strength, so as to realize the stable operation of domestic sewage treatment and explore
the influence of hydraulic shear strength on particle structure. Results showed that the particle size range with
optimal simultaneous nitrogen and phosphorus removal performance and dense particle structure was 800 — 1 400 pm.
By adjusting the hydraulic shear strength to 1 435.2, the proportion of particles in this size range was increased to
53.39% . When the granulation reached stable, the effluent COD concentration was maintained below 50 mg/L,
the TN removal rate was about 90% , the effluent TN concentration was 4. 28 mg/L, the average removal rate of TP
was 93.45% , and the effluent TP concentration was below 0.5 mg/L. In addition, the analysis of extracellular
polymeric substances ( EPS) by excitation-emission matrix ( EEM) combined with parallel factor ( PARAFAC)
showed that increasing hydraulic shear strength could reduce the content of humic acid and increase the proportion
of protein, which was conducive to optimizing particle sedimentation performance and improving compactness. By
optimizing the particle size range, the larger anoxic zone of granules could be used to enrich DPAOs and gradually
eliminate nitrite oxidizing bacteria, avoiding the expansion of filamentous bacteria, and realizing stable short-cut
nitrification, denitrification, nitrogen, and phosphorus removal of domestic sewage.

Keywords: granular diameter; hydraulic shear strength; extracellular polymeric substances; domestic sewage;
short-cut nitrification and denitrification phosphorus removal

RSB 2022-04-30; RAHEH: 2022-06-21; MEH K HH: 2022-09-29

W48 B & Hudlk : https://kns. enki. net/kems/detail/23. 1235. T. 20220927. 1202. 002. html

BEWE: Jbatmk sl i 4R 501 (BJJWZYJH01201910005019)

EEE: & X(1976—) L0, H, LA 5k AR(1936—) 55 WL S, A [ TRR B B 1
BEMEE: & 4,1idong2006@ bjut. edu. cn




%6 1

A A5 SRR Ty 9y V)i B AIG A R A A B Bl AL BRI ORE 75 D 1 i <11 -
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1.1 LBEERBEHIEITHE

ARSEH R 3 HARCET 6 L i 58 Jj 44 ot
JFHE = P 75 U8 S 7% (sequencing batch reactor,
SBR) ,#K bRy 2/3, HKiztT 4 A F, LIRS/
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ML PR R K ) BT D) s B BARS B 1,

®1 RMEFBEBETIR

Tab.1 Operational conditions of reactors

SRS A/ (rmin ™) BIEME /s AKTBTYIRIL Sy

R1 200 10.19 611.4
R2 300 23.92 1435.2
R3 400 28.53 1711.8

1.2 EMBRESXWAK

DU T HE /K 55 5 1) S A il A B B A B s Tk 35
PN MRS U8, H MLSS 25 3 500 me/L, PAJL 3T
TR FF 8 XA 15 KA R K K BT 2 4cin 3k 2
FR

x2 EFETKKER

Tab.2 Water quality of domestic sewage

COD/ (mg-L~")

p(NHS =N)/(mg-L™")

p(NO; -N)/(mg-L™") p(NO7 =N)/(mg-L™")

p(TP)/(mg-L.™")

pH

150 ~250

50 ~60

<1 0~2

4~8

7.0~8.0
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£ 2 d PHE—K NH, - N NO; =N NO, - N,
COD A1 TP, W % J7 % 2 % I8 G € wn ofE, 2000 5
3 WA B 2 M R R AR IO R Y
Malvern2000 #E470 2 ; Z Bl 52 % FH Lowry et ,
B R T B R RS

1578 EPS B B 30 mL Je KR AW, Wik
T 4 000g #5.0> 10 min, K FIEWE A 70 CBE
iR £ 22 VK 52 R FR 2 30 mL, IR E 1 min (2.0
EIEH TG E 2 HOT, ¥R T 4 000g #5.0> 15 min,
RS2 0. 45 wm 38 BT 8 AR B BV VRR
15U LB - EPS, 71 iR 28 vP IR &2 I AR FR =2
30 mL,J®HE 1 min,60 °C/KIEMMI 30 min, FEEEMD
BB RE IR, 4 °CF 20 000g 20> 20 min, |-
BWIEZ0.45 wm P8R D ISR B0 1 L3 W TS
e TB - EPS,

=Y E (OGS M E, CRSERE) 4
U354 200 ~ 700 nm 200 ~ 600 nm, ¥k / K5
WA BE 10 nm, F| A MATLAB toolbox DOMFluor
XPARAR 0 Z2 IR = e AR 25 Rt AT AT R -1
B X EEM B8 3047 %2 438 7 2246 50 A% O —
W UE T B D R R
1.4 #kCog
4.1 TEPESES
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HE T PERHE R s 56, DL & A AL 4 i ( ammonia
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Oy REWE T VR TV R A IR ARUR A5 T VR Y
KH,PO,, fit A NaNO, ffi NO, %] 4h Bt & & &
20 mg/L, % 20 min UM, B & PO, i v B A 5]
1.4.2 SREESCER

H100 mL KR G W ks T &, DL
1 min/ , U JRE UKL 5 U 76 B 2 100 mL, LA
200 r/min ARG THERIER 5 min, WFEFEIA
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K IRl A A A
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K N 1 min, G IR R R
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PR R B H A K 4,300 ~ 800 wm A 423 Bl P
L 0 AR S A AR B i e T 32 B R Lt 4 R 1l it
{UH5.21 mg/g, RIS, T AOB 1 NOB 5444
AT R K IR A R 5 LR L ™ A=
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Fig.1  Activity and strength of granular sludge with different
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Fig.2 Particle size distribution of granular sludge in different stages
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Fig. 3 Optical microscopy images of granular sludge during
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R 4b 2 R PRI A5 A 0] o3 b B R s 2
RV (TB - EPS) FHNHUKHE 9 L4 2 R Y (LB -
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( polysaccharide, PS) [ & Fil 0] £ R 1E EPS & &,
Kl 4(a)h LB — EPS 5 70 it 5t 43 5048 1k, w3 7K
1B UIsR NG LB — EPS MUK 2% T #1 25 , 507 VSS
T8O B R E 13 mg/g, (BBES XK 1554
SR EE YIS Y, LB — EPS 1Y 5 i 40 A0R R AR, 3 2
DR B A 9 2 43 6 B 22 9 EPS O 07 S AS IR B
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EPS (AR X80 kA7 R B0RL TS Je T i B o e 1 45
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AN HERFTE AR T AR, 32 RN A& B A /K 185 )
588 BE AN 3 AR IR X B RE R Y TB - EPS, X kL
SRATE AR E A I H EENERS, U
FIRFR B 4= 3] TB - EPS fEi5 R L8Eh iy B
PERPO Beab, e Uk R 42 38 B 2 5, LB -
EPS 5 TB - EPS 1Y it & 73 B LL s/ 2 0. 37, 3R W]
EPS JLHJE LB - EPS #{ 22 Bk , X 65 I I TR g
A AR TR

EPS 1 PN il PS (1% J57 5 43 802 1k Al D\ — 5 2
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() HTRE o
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M7 (parallel factor, PARAFAC) , ¥ = 4E5¢ SER %
It v B AH EE B 1 2 0 AR [R5 iR )
oy, AT P ARG 3 PRI R N7
EHELS AR LA 4 Aoy FT PR A PR |
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T AR TEOEEREE M 4 640.99 HEHNF] 5 381.49 X5
b SCEERNAY PN B B TS T TR S R
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Fig.4 Variation of EPS of granular sludge during operation
x3 KRHARHEIH PARAFAC HE R EYI TR S
Tab.3 Components of PARAFAC model developed in this study
% WMEWK E /nm BHEK B, /nm LS T fie e VR AT
0d-Cl 320 370 AR ™ A AT R = 7 768.25
0d-C2 290 350 AR EN 5907.02
0d-C3 450 526 JERER A 1991.49
0d-C4 360 442 JE%E2 B 1283.71
10 d-C1 290 350 BRI IR 4 640.99
10 d-C2 350 438 JEBHR B 611.44
10d-C3 460 528 JEFEER A 507.45
60 d-Cl 290 350 {0 R TR 1 5381.49
60 d-C2 310 370 LB 7= A B AT R = 3930.72
60 d - C3 460 524 JEHHER A 1103.18
60 d - C4 360 444 JE B R B 971.41
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Fig.5 EPS and component analysis of granular sludge during operation
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Fig.6 Variation of removal performance for COD, TP, and N during operation
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