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Operation of granular sludge for simultaneous nitrification-endogenous
denitrification and phosphorus removal (SNEDPR) under mixed
hydrolysis acidification pretreatment of sewage and sludge
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(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: For the stable operation of simultaneous nitrification-endogenous denitrification and phosphorus removal
(SNEDPR) system under domestic sewage, sequencing batch reactor (SBR) was selected to inoculate SNEDPR
granular sludge under artificial water distribution. The actual domestic sewage and sludge were pretreated by mixed
hydrolysis acidification and taken as the influent matrix, and the stable operation of the system was realized by
optimizing the pretreatment unit hydraulic retention time ( HRT) combined with SBR sludge discharge modes.
Results showed that when the HRT of the pretreatment unit decreased from 12 h to 4 h, the content of acetic acid,
propionic acid, and the proportion of volatile fatty acids ( VFA) provided by the hydrolytic acidification solution
increased, the anaerobic poly-hydroxyalkanoate (PHA) storage in aerobic granular sludge ( AGS) increased, the
simultaneous nitrification and denitrification (SND) efficiency increased to 58.1% , and the effluent TN decreased
to about 7.8 mg/L. At the same time, under bottom sludge discharge, the proportion of small particles in SBR
increased, LB-EPS increased, and the settlement performance of the system became worse. The proportion of
mature and aged large particles under top sludge discharge increased, and the moisture content and strength of
particles decreased. Under selective sludge discharge, the particle size in SBR was concentrated in 0.5 —0.9 mm,
with dense particle structure and high strength. The layered distribution of bacteria in the particles enhanced the
SND effect. Batch experiments showed that the activities of nitrite-oxidizing bacteria ( NOB) and glycogen
accumulating organisms ( GAOs ) were reduced, the proportion of denitrifying polyphosphate accumulating
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organisms ( DPAOs) with NO, as electron receptor in the system was increased to 40.5% , and the efficiency of

simultaneous nitrification and endogenous denitrification phosphorus removal was improved. The short HRT

combined with selective sludge discharge of the pretreatment unit had stable performance in the treatment of
domestic sewage particles. The effluent TN and TP met the first-level A standard specified in GB 18918—2002

Discharge Standard of Pollutants for Municipal Wastewater Treatment Plant. The system can achieve efficient and

stable removal of nitrogen and phosphorus.

Keywords: sequencing batch reactor ( SBR); aerobic granular sludge; simultaneous nitrification-endogenous

denitrification and phosphorus removal ; hydrolytic acidification; hydraulic retention time( HRT) ; sludge discharge mode
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Fig. 1 Schematic of reactor device
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Tab.1 Experimental operation stage and conditions
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SI-1I 8 521 ~40 K
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Tab.2 Operational conditions of reactor
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Tab.3 Water quality of domestic sewage

COD/(mg-L7") p(NH —N)/(mg-L°")

p(NO; —N)/(mg-L™")

p(NO; -N)/(mg-L™")  p(PO}” -P)/(mg:L™")  pH

180 ~350 35 ~60 <1

0~2 2.5~8 7.8~8.3
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mr .

COD, . =ACOD, -1.71Ap(NO,. ) —2.86Ap(NO;. )
COD, = oD, 100%
" ~ACOD,, x W

(3)

0.5P;, :ppHA/CODimm (4)

Ap(NO; ) +Ap(NO; )
E.,=|1- 100% (5
SND [ Ap(NHI) X 0 (5)

A1 COD,,,, A BRI A7 it ACOD,, . Ap (NO,,, )
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Fig.3 Variation of COD, TN, and TP during operation
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PR, DR N AR IRAEAE A, Bl it AN A2, 52 PAOs
H1 DPAOs AYBRBERLH, TP R HAU K 83% L f
B 116 HRT 46 %6 )5 , WAL #E VFA 5400, SBR # /K
FETT BB LRSI, TP 2K BR FB Wik & % 90% , 1.
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NO. Jfitifk, KRR COD FI GLy (EA47 VSS i C )
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F£, 38 B COD T R I Bl il 9 B e, AR 45 =X (3) 1
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Fig.4 Changes in pollutant concentrations and intracellular carbon source in typical cycles
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2.2 HERAKMEMK
2.2.1 ok ERERE AL

ANTAIHE R 5 243 %635 8 4 B AR v 7 A S
Bl 5 A Rl HEDE J7 2 K 01z A7 i v B v i A A
FHR G5 R kAR DUREYERE L & KRS e o
JE (ASEEE M RECRIE) 221k

M 5 (a) RiAR AT AT LI Y BB T B 2% N
BARTE 1 200 wm DL b A9 RS0RE A L BA R AIG, /N T
300 pm FSURE A7 B, SCRK[ 24 ] 3R B, B2 Y
T B S i BRI A% 328 A7 B 5 ) JSURE 5 Tl R AR
FEPE BB 138 IR HE A R AR ) UKL HE B
RGE, HOE B/ INRAR R AR 82 | /NSRS R
a4 5 FR ) i, il TR AR K, B
BIS(b)SVI fhZenl LLE BB T &4 SVI fH -
Th, G RGEUTRE R RR AR 22 | IR DR IR AR HE T
K TR RE L A 0k 5 U, 1 R BORE Y SRT 3
g /NFRETG IR Y SRT i K, DUREPERE S 2% |

BB 113 3 K HE ey 2% A2 S TR HE e, Fok:
Ko A b7 b & AR ARk, b 15T 300 pum 1Y
JNTFRE 5 FERAAR 1 200 wm DL A9 SB0RE 5 G i 4
I, 5 Ve TTREE BRI A . H I B B ORL 5 32 B AT
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>900 ~ 1200 pm E&> 1200~ 1500 pm 1> 1500 pm

1001
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(a) FRLALARAEAL
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$78.5% LA, SCHK[ 251K, €, KT 0. 80 B A
WOk Y5 I 5 B 7 BB IR , AT 00 T HE e =X 5 B
K5 AR 25 XS T ROV 2% A TE R & 1
(RS I , Zha 25201 DAk R A% ek K i 1 B
PRI DX 3 HH B M fof 07 225 ) 118 B R R 1 R g I
X, e BoRi AR e 22 . IRIA, B Be T 37K s i
B, SCHR[ 27 148 i, B 50 UKL 1 L B 236 i 25 R
TR B > B B T RORAR B0k & b v 3 Ak
FLBRRAR Bk R TR R, B TTIC IR AL 20k N
W, R Ak R, BB AR B SRT AR T 58
T VPR PEHE H S8 2 Ak UKL 5 U6 A T0R 4 /N o0k
WEEH] SBR 4 0.5 ~0.9 mm BRI BEIN, 29 5
BRFLY 40% L b, J0RR AR o A B b, HiE i
500 ~900 wm YR LA TR A N & BR g
71,28 500 ~ 900 pum Y UKL AT DL AR IR 4R | il 4
LA IO IR BT | 2 = R Ge A Ak S i A v fg i
o 2B B 175 e 2 B vk e A9 248 T 1 =2 R
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Fig.5 Changes in particle size, SVI, integrity coefficient, and moisture content during operation
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Tab. 5  Variation of content of denitrifying polyphosphate
accumulating organisms in different stages %
K B Py dilt Poy ikt Poyy i 1L
S2-1 6.51 2.34 52.04
S2-1 6.10 1.57 56. 86
S2 -1 6.42 1.68 65.25
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