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Effect of Heating Method on Denitrification Performance of Aerobic Granular Sludge
ZENG Minjing', ZENG Yu', LONG Bei', CHENG Yuanyuan" ", WU Junfeng’, REN Shuai', LIU Yong'

(1. School of Civil and Surveying & Mapping Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China;
2. Henan Province Key Laboratory of Water Pollution Control and Rehabilitation Technology, Pingdingshan 467036, China)

Abstract Based on an aerobic granular sludge ( AGS) inorganic high ammonia nitrogen wastewater treatment system, the effects of
different heating methods on the denitrification performance and stability of AGS in winter were investigated. During the former 40
days, the wastewater temperature could not be effectively maintained only by heating inside the sequencing batch reactor (SBR). The
flocculent sludge produced by particle crushing was often observed, the extracellular polymeric substances ( EPS) fluctuated
significantly, the activity of ammonia-oxidizing bacteria decreased significantly, and the removal efficiency of the total inorganic
nitrogen (TIN) by AGS was 28.3% ~ 60.4%. During 41 ~ 86 days, the combined heating insides the reactor and the influent
wastewater tank could keep the wastewater temperature at about 30 °C. The flocculent sludge in the reactor gradually decreased, the
granular structure became more compact, and EPS, mixed liquid suspended solids, specific oxygen uptake rate and other indices
tended to be stable. After 72 days, the TIN removal efficiency of AGS increased to more than 90%. The temperature had little effect on
the settling performance of AGS, utilization rate of the external carbon sources, removal efficiency of the total phosphorus (TP) and the
abundance of denitrifying bacteria. However, it had significant effect on the denitrifying efficiency and the abundance of nitrifying
bacteria. Under the two heating methods, the abundance of Nitrosomonas decreased significantly at first and then increased significantly

(from 3.51% to 0. 69% and then to 14.64% ) , and the abundance of denitrifying bacteria represented by Thauera remained at about
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50%. As the nitrifying bacteria and denitrifying bacteria had different working temperatures, the effects of intermittent heating ( heating

in the nitrification stage and no heating in the denitrification stage) on the denitrification performance of AGS were investigated on 87 d

and 88 d. It was found that the TIN removal efficiency of AGS was over 86%, and the heating energy consumption could be saved by

18.2%.
Keywords aerobic granular sludge ( AGS)
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M AGS BIRIRESS# S 1 AR R ) A
Xt B P R = AR S R, 2 LI R K AR A R B
WATEE L &AL 1 8, 78 AGS N SCEHE &
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Fig.1 Reactor Unit

e I FANE 03]l FAVIE:N

Tab. 1 Heating Method of Reactor
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B2 R P S Al AR Al
Fig.2 Temperature Changes of Reactor in Typical Cycle
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Fig.3 Shape and Microstructure of AGS
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Fig. 5 Pollutant Removal Effects of AGS
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Fig. 6 Degradation Regularity of Typical Periodic Pollutants

F2 IR B A AR
Tab.2 Energy-Saving Temperature Control Mode and Nitrogen Removal Effect
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2.6.1 WUEMERNE ar ST PRI IR AGS BT S i oK HEN R RS
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BRAE AR 5 B 2% il P IR, M AGS 11
OTUs B/, 1217 40 d J5 B B3GR, {H 86 d B i,
FH TR, FEFEE Ace 55 Chao A24L 5 OTU 21U,

REAVIEIGIRFR G O U WA 2 . R E 2 FEIE R AR,
Shannon F§ X1 Simpson $5%%,0~40 d #J# K, 40 ~
86 d BUE XTI MELUHFE ZREE RS, R
Yoy iR 5 R | | Shannoneven 18 8U7E 52 b # L 57
FERKEFE 40 d J5 /N, 86 d I LT AR EEAN AR SR HH
FBEOS AT )5 FRETE 0~40 d FF%,40 d ZJ5 LT
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Tab.3 Bacterial Richness and Diversity
FEfh LYIEiE OTUs Ace Chao Shannon Simpson Shannoneven Coverage
A, 57 005 190. 00 198.93 200. 91 3.180 0.067 6 0. 60 0.999 7
A, 63 101 899. 00 955. 63 960. 34 3.747 0.099 7 0.55 0.999 9
A, 60 661 406. 00 471.76 491.15 3.390 0.083 0 0.56 0.999 9
F 4 U EACEREE 2 T
Tab.4 Species Group Difference Analysis at Functional Genera Level
FE
] 4 & Hifig
A, A, A,
Proteobacteria Alphaproteobacteria Defluviimonas 2.18% 0 1.10% 2y A
unclassified_Alphaproteobacteria 2.65% 0 0 -
Betaproteobacteria Thauera 12.56% 25.57% 31.16% R AR
Nitrosomonas 3.51% 0.69%  14.64% T Al 22
unclassified_Comamonadaceae 6. 13% 2.12% 5.46% Rt A
unclassified_Burkholderiales 4.69% 1. 16% 6.35% Ak
unclassified_Betaproteobacteria 0 0.41% 3.90% -
Deltaproteobacteria unclassified_Deltaproteobacteria 5.51% 0 0 -
Gammaproteobacteria Aeromonas 0 18.93% 0 Ak 32
Acinetobacter 0 3.20% 0 2 Y AR
Dokdonella 1.76% 0 1.64% AL
unclassified_Xanthomonadaceae 0.29% 0.52% 1.63% itk 133300
Pseudoxanthomonas 0.41% 0 0 -
Bacteroidetes Cytophagia Chryseolinea 0 0.27% 2.99% 2y A
Sphingobacteriia unclassified_Chitinophagaceae 11.24% 0.76% 2.99% Ak
Ferruginibacter 2.85% 0 0 [ i A7 AL 8
unclassified_Bacteroidetes unclassified_Bacteroidetes 2.27% 0. 88% 2.86% Wi Ag BLR )
Acidobacteria Acidobacteria_Gp3 Gp3 0.39% 0 0 Wt g AT ALAgR 4
Acidobacteria_Gp4 Aridibacter 11.45% 0.20% 1. 06% [ i A5 LR L4
Firmicutes Clostridia Clostridium_sensu_stricto 0 8. 60% 0 W firAg BLA (42
unclassified_Peptostreptococcaceae 0 2.26% 0 W Ag BLE L4
Gemmatimonadetes Gemmatimonadetes Gemmatimonas 1. 02% 0 0 Bl (4
FHoftb 31.09% 34.43%  24.22%
Bt 100% 100% 100%

2.6.2 TUEMIRER AL

3 AFEA B REREAE 9 T T (1B 7) F1 22 4>
J&(F4), TETDRFP B R AGS £ 4 MESFIT]:
Proteobacteria ( 43.17%) . Bacteroidetes ( 25.68%) .
( 11.85%) M unclassified_bacteria
(15.36%) . SR i i 37 ¥ i 35 37 40 d J&, Pro-
teobacteria (43.17% ~ 65. 44%) {52 & KW HE ] H

Acidobacteria

FREH K B Bacteroidetes (1 25. 68% %% 5. 75%)
DB SR T B B = ORI T B AR Ry Firmi-
cutes(0~17.15%) W 1R A5 KA, AE
A Actinobacteria(0 ~5. 12%) ., Cyanobacteria_chlo-
roplast (0 ~ 4. 79%) #i 4, 1M Gemmatimonadetes ( FH
1.02%P%% 0)  Verrucomicrobia ( 1 0. 62% % % 0)
PN IS BRI 2% o 78 R e — HE K R IR
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5 (40~ 86 d) , Proteobacteria ( 76. 26% ) = & it
— 1K Bacteroidetes( 5. 75% ~ 15. 69% ) i kb - Tt
N R TT, i Firmicutes (17, 15% F& % 0)
F1 Cyanobacteria_chloroplast ( FH 4. 79% %% 0) [ 1]
AN E PRI 2 . FIARAY Actinobacteria |
Acidobacteria , Verrucomicrobia | unclassified _ Bacteria

X4 AN D

|

. Verrucoomicrobia
Cremmatimonadetes

= Actinobactenia

L winctassified_Bacteria

Acidobacteria

Cyvanobactena Chloroplast

Firmicutes

B 7 EFET AT
Fig.7 Phylum Level Analysis of Bacterial Community

JEAKF- L 3 AGS HIEAT 16 NE TR, AT IX 70
N4 KIMBEW (K 4): KA LB, W Thauera
(12.56%) ., unclassified _ Chitinophagaceae (11.24%) |
unclassified _ Burkholderiales (4. 69% ) %%, & F & ik
38. 85% ; JC I A AL U RE Y 57 57 B (B AT LA ) , A
Aridibacter ( 11.45%) %, Y i 4& & J& ' Nitro-
somonas FJE & 3.51%, BWEHE Gemmatimonas F-J&
M 1.02%,

40 d,AGS A 14 NINRERE 6 BT E R,
8 MRBIHA , S & B LR T2 52.53%,
FHEFEXIM N Thavera (1 12.56% 3 & 25.57%) i
Aeromonas (H1 0 ¥4 & 18.93% ) Y FFE B, 7] I
A A T e o7 AT IR P 45 R A I e Aok S fin AR =
T 5, WAKILTEE Nitrosomonas - J& 32 iy =X
S AR AN AR IR PR 8, - FERRAIR R 0. 69% , iX
SRR AGS AL TERERIARAS JE N, JC Ak g
5 5% W & AR T B R B AR 4R, Ferruginibacter ( FH
2.85%% % 0) M Gp3(H1 0.39%[% % 0) AN E FHER
WAL TIIE SR BT T Clostridium_sensu_stricto (0~
8.60%) I E% . BB Gemmatimonas [F A& H IR
BRI 2% | unclassified _ Xanthomonadaceae #%41%

T HSITE W E Xanthomonadales™ S FE#EAT 5 ,
HFREAERF (0. 52% ) S BRBETERE4ER 0 I A

86 d,AGS A7 12 MR, 2 T A R s,
ANWIBIHER AR R T B4R RRTE 53. 32% ,(H
N B BE & AR B B B, Thauera B 3 FBE 38 K
(25.57%~31.16%) , 1fii Aeromonas (H 18. 93%[& =
0) #1 Acinetobacter (1 3. 20% %% 0) A E H T i
WRBE M 2%, A Ak 40 T b Y S Ak & Nitro-
somona “F LB WG H (0. 69% ~ 14.64%) , LV 4% —
WK G RGN L E L+ A R, 5
LTI I G AL, 26 ~ 30 °C IREEA B TS =
A R E AP RR SR T AR AS SR, Je R R A2 RE
M S IR 45 R W & A2 T B AR 4k, Clostridium _sensu_
stricto ( FH 8. 60% [ 2 0) AN H P RIAEE , Aridibact-
er(0.20% ~ 1. 06% ) . unclassified _Xanthomonadaceae
(0.52% ~1.63%) F FEHE T, 15 b T S il £k BT i 1k
B R TR 5 R TR A A B U S 4 {4 40~ 84
d B AGS BRIEVERERS A T % (80% ~99%)

TR FEE 2E B0ZR A PR EIE 1 i A 200 T X L PR
T, 7E 1~40 d 7 B IR B T aE K K3
1%, il £ 40 & Nitrosomonas 3+ FE W 2 T [, X 5
SOUR HWRZ 2 i 4k B A 05 PE RN [ 1] 4 (f) ]
A3, IR K AR E TR [ B 5(a) ], 41~
84 d HEKIREE TR IR E Z )5, AL TR Y SOUR fH
IR 1T, H K S SR B A S RG] )y % 3
HALAH A Nitrosomonas - BEWH . T+, Jhy 4% - ik
TR ARG 5 18 07 2 R TR PR A A 40 v 1Y)
B IXJE 45 d ZJEHAPERE G AU AR AR ISR, A T
Z N, AGS T A Ak TR T R A I P 85 0 1 A
58, [FIE, TIN LpRPEREIE A Z )5, 52 COD, H T
AL, Fl 4y COD, W/, 3 08 15 55 7 1 45 40 & B
TR,

3 i

(1) S s 2t 7 4 i AR =X 0 ¥ A A 4 e /K i
AFT AGS R E P 4E+F , A7 18 8 43 WORL A /& B
%, RN -KFERA IR Z )G, AGS MPEREA
W I ks, ORI O 25 S 4654 EPS & TR e, SOUR
I, SRR B AR

(2) S a7 AT K AU v
JETE 60 mg/L 2247, TIN ZBRFAE 30% /247, BAR %
Btk BE AR BRI TIN BRA 2R, R RO
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KA G R Z S, K AW b, TIN
EBRFAE 90% LA b AT WA 1 AR =X R A AR
T+ AGS WRHALRCR , WS B AL RCR W BEZ K A
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W Behn 4, B A A B BeAS Iy Oy AT RL T 4
18. 2% W REAE, H 4E+F 17 15 e B ATk ne, B A 15 fE
w1,

(3)iBEXS AGS BRFLAUNA TR, ROV
MR T B EE R & A
Thauera (25.57% ) 1 Aeromonas (18.93%) , 7 3%
W Clostridium_sensu _stricto ( 8.60%) , W.fil4 1. & J&
Nitrosomona (0.69% ) FFERAR, 0 #i —i2F 7K 56 R
BEREXT , EEINE W R & I Thavera
(31.16%) . unclassified _ Comamonadaceae (5.46%)
F1 unclassified_Burkholderiales (6.35%) , WAHIL 7 &
Nitrosomona (0. 69% ~ 14. 64% ) = FE I W 19 /o, 5=
B S 7 s — R K R BB 4 il 7 AU RE % S B AL 18T
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