%38 % %HoM v E 4 K HE K Vol. 38 No. 9
2022 %5 A CHINA WATER & WASTEWATER May 2022

DOI:10. 19853/j. zgjsps. 1000-4602. 2022. 09. 013

LR NEUES SBBR Mt RN BE A SRR

HRE', SApE, R W', &AW, & o4l FEAR
B!
(1. ERKY ZHEEASTERFNELERE, Ek 4000455 2. KirBalaLel st
R FRgT A E), #1de KiX 430010)

W E. SBBREAIFEBLAGE ZR AR S, F R T BEATZ A % bR IR B 24 &
A F RO Fm PR TR T SBBR 2 A s An B Rk B0 I2 4T Rk . R A, BEX 248
BLEAAE R v B, HIRE A 10 °C.COD #i 4#7 #4 0.82 kg/(m*-d) B, & 57 NH,'~N TN #9-F 35 Xk
R A T24%.701%, 5 5 B H 24 CoH Ak, & R & 5 5] B AK 26.4% F= 26.1%; 18 it i B AK R
(10 °C) F SBBR % %6932 47 T L& i K 75 X, 7T VA A 2L 3% 4L SBBR L S FR BE AL A8 , /£ COD % 47 4
0.41 kg/(m’+d) 3BT T LA # K 6 min— R A2 h—FF 8.9 h—4# A3 h( = Rt K)—IF A9 h—itig
0.8 h—#E7K 6 min &4 F , *F COD \NH,'~N . TN #= PO, P 84 % A % 25 5132 & £ 95.3%.99.2% .95.9% .
95.1%, th 7K K i 5 5 (Mo KRB B 474 ) (GB 3838—2002) £ IV % /K474, 16S rRNA Amplicon
BB AL R AR B EAT R A DA B M R R B SRR FR T AL T B e At F R
Hom R E ., HIREE24 CHIKE 10 Co, AL A B Nitrospira. B F5 4L H /% Flavobacterium #»
Thermomonas - 2. %% 1 J& Candidatus_Accumulibacter &3 F83F 3 53 % 1.47%.9.17% .6.27% .2.70% &
% 0.67%.2.66%.1.82%.0.30% ; 1 5 7~ B4 AL 4F B, B AL B /% Pseudomonas . B AE AL B 5 oh 42 1 /%,
Dechloromonas #9485+ 3 & 4% % 0.07%.0.12% £ 5+ £ 1.05%.1.03%.,

X8I 1K%; SBBR; BLEILEE; ARRE

FESES: TU992  XEkARIRES: A XEHS: 1000 -4602(2022)09 - 0082 - 06

Nitrogen and Phosphorous Removal Performance and Microbial Community of
Modified SBBR at Low Temperature
XU Feng-ying', FAN Ke-feng', ZHOU Jiong', GONG Ben-zhou'?, MENG Hong',
HE Xue-jie', ZHOU Jian'
(1. Key Laboratory of Three Gorges Reservoir Region’s Eco-Environment <Ministry of Education>,
Chongqing University, Chongqing 400045, China; 2. Changjiang Institute of Survey, Planning,
Design and Research, Wuhan 430010, China)

Abstract: The effects of temperature on nitrogen and phosphorus removal efficiency and microbial
community of a sequencing batch biofilm reactor (SBBR) under strict discharge standard were
investigated, and the operational strategy for SBBR to achieve efficient nitrogen and phosphorus removal
at low temperature was introduced. The temperature had a significant effect on the nitrogen removal

efficiency of the system. When the temperature and COD loading rate were 10 °C and 0.82 kg/(m’-d), the
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average removal efficiencies of NH,"~N and TN were 72.4% and 70.1%, respectively, which decreased by
26.4% and 26.1% compared with those at 24 °C. The removal efficiency of nitrogen and phosphorus was
effectively enhanced by adjusting the operating condition and feeding mode of the SBBR at low
temperature (10 “C). When the operating conditions were as follows: COD loading rate of 0.41 kg/(m*-d)
and cyclic time consisting of filling (6 min), anaerobic reaction (2 h), aerobic reaction (9 h), anoxic
reaction (3 h, secondary filling), aerobic reaction (9 h), settling (0.8 h) and drainage (6 min), the removal
efficiencies of COD, NH,"-N, TN and PO, -P increased to 95.3%, 99.2%, 95.9% and 95.1%,
respectively, and the effluent quality met the class IV criteria specified in Environmental Quality
Standards for Surface Water (GB 3838-2002). The 16S rRNA Amplicon high-throughput sequencing
indicated that temperature had no significant effect on the microbial community composition, but had a
significant effect on the relative abundance of denitrifying and phosphorous accumulating genera. When
the temperature decreased from 24 °C to 10 °C, the relative abundance of Nitrospira (nitrifying bacterium),
Flavobacterium, Thermomonas (denitrifying bacteria) and Candidatus_Accumulibacter (phosphorous
accumulating bacterium) decreased from 1.47%, 9.17%, 6.27% and 2.70% to 0.67%, 2.66%, 1.82% and
0.30%, respectively. In contrast, the relative abundance of Pseudomonas (heterotrophic nitrification and

aerobic denitrification bacterium) and Dechloromonas (denitrifying phosphorus accumulating bacterium)

% 94

increased from 0.07% and 0.12% to 1.05% and 1.03%, respectively.
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Fig.1 Schematic diagram of SBBR test

« 83 -



%38% %94

OE 4 K HE oK

www. cnww1985. com

SBBR [ i #ix A ZL 75 LA 15 L, LxBxH 4 35
emX20 emX30 cm, N 2H G 3R FER SR 5 40% ;
K R B2 A K AR, R 28 AR g < b sk
HEAE, A% 48 (DO) h 3~4 mg/LL, R FHTE 540 45
Jof L o
1.2 KBEKR

BRI R FH N TR KA 7 757K, i A ik 4
& RN E AR IR S SRS R [
BFAS N 1 mL/L i oo % . HAKIK BT : COD 24 380~
440 mg/L., S5k 410 mg/L; NH,"~N 5 40~50 mg/L,
{8 K 43 mg/L; TN 2N 42~52 mg/L, - 211E Hy 46
mg/L; PO, =P 4 4~6 mg/L, F-¥I{H A 5 mg/L; pH Ay
7.0~8. 0, FH(E R 7. 6.

1.3 REH*E

SV % COD i faf 4 0. 82 kg/(m*+d) , i iz 47
T #E7K 6 min— K48 2 h—F48 9 h—UTTE 0. 8 h—
HEZK 6 min, I8 BE DO 2 3~4 mg/L. 43 542 il w5 4>
SN g B A 10 °C(1%) 124 °C(2%) o 156 1 1]
% COD \NH,"~N.NO, =N .NO, =N TN, PO, -P %
IKJHE bR o R SRR B B A= R ik A T
16S rRNA Amplicon i 5

FE G Al E AR R T 0 A Y A A R R R
(10 °C) ZAF F IV A Bas 17 T kK =l , %5
MU SBBR £ 4t 1Y e b ME I A BRBE A RE . COD 7 i
7 0.41 kg/(m*-d) , A2 17 .00 : #£7K 6 min— K
A2 h—H4%09 h—B 4 3 h—1F- %89 h—TI{3E 0. 8 h—
HEZK 6 min, FEAEBRAA 3 h B X} R G AT koK, it
JKE R 0. 75 LA BE DO N 3~4 mg/L. X503 1]
% COD . NH,'-N . NO, =N .NO, =N .TN, PO, -P % /K
G R
1.4 SWMBREFIE

ik 56 i #£ Hh, COD NH,’-N . NO,-N,NO,-N.
TN PO, =P 45 7K 5t i b 24 4% HR CoK RN K W 00 4 #r
F) 58 4RO PEATIN%E . 16S rRNA Amplicon (5518
0 O A A A B Y 5 9 27F (5'-AGAGTTT-
GATCMTGGCTCAG-3" ) #11 533R (5'-TTACCGCG-
GCTGCTGGCAC-3") ¥ 4% 16S rRNA F& A 1) V1-V3
DX, FEEA T I P A3 AT PR 5 2R Gl A W R R 1 722 Ak
A
2 ZR5H%

2.1 REXISBBR RGERi RBRBESAERI RN

P 2 ML X SBBR S i P BE 5 I

600 100
~ 500
‘% 80
& 400 s
= 60 @_
300 &
¥ —a—ilbK 40
2 200 —=— k(24 °C) —e—HiZk(10°C)
S o= FR(24 °C) 4 ERE(10°C)
20
100
as=gSeio i ngacatgagaseigagegy
LSl O
0 4 8 12 16 20 24 28 32
t/d
a. COD
50 100
= 40 80
o0
£ 30+ . 60 <
@ ¥ bk §
% 50 —=—iliK(24°C) —e—thk(10°C) | o &
= ——EIRF (24 °0) = E£RpFR(10 ) 140 K
z 10 20
. LB au Bn an BN il m 1 B . . 0
0 4 8 12 16 20 24 28 32
t/d
b. NH,"~N
60 B , 100
OO OO AN O OO HRO OO OO OHOHD
~ 30 80
jn 40 &
g 60 5
ﬁ 30 —a— kK &
= —=— k(24 °C)  ——ihK(10°C) L4
%20 o EBRH(24 °C) 4 £BE(10C)
=
0
0 4 8 12 16 20 24 28 32
t/d
c. TN
9
8 RO 50 e et o 100
A \ %0
£ 614 <
o S WAAVWMW 60 M:
¥ 4 &
& —a— K a0
o, 3 —=— 17k (24°C)  —e— k(10 °C)
g 2 —mRBRE(247C) A HBRE10°0) |,
: L‘Q::r*m-hkm
0
0 4 8 12 16 20 24 28 32
t/d
d. PO -P
E2 JREEXTSBBR &S MREHI RN

Fig.2 Effect of temperature on performance of SBBR

reactor
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Fig.3 Performance of improved SBBR system in one cycle
at 10 °C
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Tab.1 Sample information and statistics results of

microbial community

WRJE/°C | FEF1%| OTU | Ace | Chao | Shannon Simpson
24 27981 | 709 762 747 4.4 0.04
10 29028 | 620 | 704 | 691 4.1 0.05
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Fig.4 Microbial population and relative abundance at the

phylum level of SBBR system at different temperatures
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Fig.5 Microbial population and relative abundance at the
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