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Operational Performance and Microbial Community Structure in a Completely

Mixed Aeration System

WANG Shuo'**, XU Qiao"*, ZHANG Guang-sheng" >*, LI Ji"*>**

(1. School of Environment and Civil Engineering, Jiangnan University, Wuxi 214122, China; 2. Jiangsu Key Laboratory of Anaerobic
Biotechnology , Jiangnan University , Wuxi 214122 China; 3. Jiangsu College of Water Treatment Technology and Material Collaborative
Innovation Center, Suzhou 215009, China; 4. Ningbo Municipal Drainage Co. , Ltd. , Ningbo 315000, China)

Abstract: A completely mixed aeration system was introduced in domestic sewage treatment, and the simultaneous nitrification and
denitrification process and microbial community structure were further investigated. The pilot-scale experimental results showed that the
operation of the system was stable and the average chemical oxygen demand (COD), NH, -N and total nitrogen (TN) removal were
93.2% , 96.9% and 75.2% , respectively. The effluent COD, NH, -N and TN were better than the standard of level A stipulated by
Discharge Standard of Pollutants for Municipal Wastewater Treatment Plant ( GB 18918-2002) in the absence of external carbon
source. The sludge derived from the system showed a significant denitrification capacity and the denitrification rate was 2. 86 times
higher than that in the wastewater treatment plant. In addition, the existence of aerobic denitrifying bacteria in the system was
confirmed by the PCR amplification of genes encoding perplasmic nitrate reductases. The high-throughput sequencing results revealed
that Zoogloea, Thauera and Dechloromonas were dominant in the completely mixed aeration system.

Key words: completely mixed aeration system; perplasmic nitrate reductases; aerobic denitrification; high-throughput sequencing
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3, AEAGHE KA A ATt R 2 A B LA R, e
HEA G UE T 1T 6 K 43 B (R R D0 Tt v R ik
FLid B AR ATV A B AL UERHLAZ N 0. 45 pm,
X s NS e AT ) A RS HIKAME. RSE
LRI DR R G0, 0 90 4 45 A A HE A 2B kb N 7Y
B E. RS H 2011 )5 shis T, RURBRE,
2015 FEHF WA LB 1T, B VIR HK G, 8175
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V5K AR PR G A .
1.2 KK

SEAIRA R R GHKE A 15 /KB $E 58
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Fig. 1 Schematic diagram of completely mixed aeration system
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Table 1 Influent quality of wastewater treatment plant/mg-L !

H COD NH, -N NO5 -N NO; -N TN TP
N 65.4 ~666.5 1.33~57.1 0.9~1.6 0.01 ~0.1 7.7~58.3 0.2~6.1
¥ifE 268.9 30.3 0. 06 33.6 2.5
1.3.2  RAHAAA 90, 120, 150, 180 . 210 #1240 min BUEE K HUH Y

h T R SE AR A IR R G TG e fE A [
DO BHEE T 0 R AT 1 22 5, X R Gei5 e i 47
ASALBERIR . Hhis S 3 4R, BHIE R 20°C
VIR RS B BE 45 me- L', LATC/K R BN J B
i C/N =7 80, R ML, ROV g 72 DO
JEAPBIERI ] 0.1 ~0.2, 1.0 ~2.0 F12.0 ~3.0
mg-L~", 75 U8 vk B X 2 0  4000 mg- L7 A A
(MLVSS/MLSS =0.52). 433l #E K Ri%E 0, 30, 60,

TR W 8 5 D s RS RRER MR 2. d5 S AR A AN [ isf
Z\ IR ER v P AL 5 I TR A v b MLVSS 1918, it
CNRCiinL e
1.3.3 At A ag et

g6 2R A BRI R G  [F A5 ik S il AL g
( simultaneous nitrification and denitrification , SND) 1
DUl 5 [FD A S A3 [ 20 (1) TR e 20 A Ak
B[ (2) 14581
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2, Efficiency (¢yp, R TR A i Ak B i A R (%)
Ry N [ 2 6 A6 RS A6 3 % mg-(L-h) ™'
NH4+<oxidized) H NH4+ N OB AR R ( mg'L_l )
NO,producesy HNO; -NFINO, -NfgA: itk (mg- L") 5 ¢
R TEEE (h).
1.3.4 5 DNA 2

BUGE B RGI5IREE A 2 mL B0 N, 2457
P& 30 s, 7610 000 remin ' 25 F B 1 min, F%
. FERRA TIPS R H MoBio PowerSoil DNA
Isolation Kit {71 & $& B 5 e £E i v il A W) 6 7% ik
Rl , 2R J5 F NanoDrop 2000 # {32 43 6 6 B T K
I DNA [ B f Al B, i )5 B - 20°C FIRFF4&
P TAEH i o B A= 4 AR A BRA W 58 AL,
AL 2% (F &) & IHlumina MiSeq, K H
Trimmomatic FX 4% 3 HEAT 2 24%, >R H Qiime K14
AT TR
1.3.5 JEBTAHAR £Rid i it WV KL BE K] (napA ) 1) PCR
P38

T ek 7w 2R A XB TR 5 T Yk,
PR 22 G2 75 U vh 2 A A7 TR 4 S R i AL T 3R AT 2
FE . SR FH B SR 1R R 340 i il 7 5 35 DR < X () — 35
s % F1 kBl Y, 5l ¥ NAPL (5'-
TCTGGACCATGGGCTTCAACCA- 3') #l NAP2 (5'-
ACGACGACCGGCCAGCGCAG-3") ¥ =¥y K J& hy
877bp. PCR LW A& % (50 wL): 10 x buffer 4 wL,
dNTP2 pL, 51491 NAP1 F151%) NAP2 4% 1 uL, Btk

1 000
VEV =ﬁ é&

800 | v

COD/mg-L™!

400
L
2000 %5 m g
n
e e et ey Frrar R R R e G

e X A e Gy P T O
12 24 36 48 60 72 84 96 108
I i) /d

DNA 1 pL, Taq (10000 U-mL™")0.8 pL, 7&K
38.2 L. PCR AFUIT : 94°C 281 S min; SRJ5 ik
1730 MEFR: 94°C ,30 s; 59°C ,30 s; 72°C ,60 s; Hx
J& 72°C #E{f 7 min. PCR P=¥RH 1. 5% B fig e
JE FRL UK A T BT

2 HR5ITR

2.1 COD EBRRE

SEAIR AR R G0 s 0 fr 6B A 1Y
Whihe )1, REfEB17)a, RE K COD ¥ B %
K H K COD BAaE , FEARYERFTET. 8 ~35.3
mg L~ EYME N 17.1 mg-L~", 8T GB 18918-
2002 ) —2% A HERCFRE, COD R %K 82.4% ~
98.3% PR 93.2% . 45 RFWYEF RS
TS R MR (7 ~ 10 g- L") Al LIRIEA: Yy it
RS E N, (A T 2% COD i BRI R 7R 5 v
K-

K2 @R T ARG COD AR b, JFK
COD ¥ JE 2y 346 mg-L~"  EA RSG5 ik R %, &
o DA R FH B e % S % T X Al I 1 T
A&, AL RER IR A COD W C FE E 86 mg L',
ARG K COD W EEZ M 20 mg-L~". H Al L, 58
PIRA B ARG LA BN COD LBREeE S, 5
HWEET . ORGERHESRABAB, i T
SIS A VYRR SR, QRFERARKRD
I3, AR T IG5 7K SEBRoK I3 45 B s I], AT SRAE T 3%
GXTE NI RPN EBRRE ). EeRAGNBIRS
AT LA R AL A8 U SR A AL B TE P 9 S SRR AR i
B AR R T HB o 4 U i A B [ i LA S
SRS A R AR A A ML A e 7 7 1 RT LA
AR R XA U = 1) R BRBE .
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Fig. 2 Variations of COD in influent and effluent along with the wastewater treatment process
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2.2 A EBRECR

SEAIRA BRI KNH, -N | TN 254k
MhZeanidl 3 pros. REHEKNH, -NA 1.33 ~57.1
mg-L™" %{H 4 30.3 mg-L~", H{/KNH, -NH 0.2 ~
5.6 mg-L™', ¥I{H 7 0.89 mg-L™", FH LR ERIX
96.9% , th7KNH," -N#ARRL T 2% . RS iEK TN
WK AE 7.7 ~58.3 mg-L~" 0], %J{H K 33.6
mg-L~" /K TN 7E 1.9 ~26.9 mg- L~ JEFEIW 30, F

80

—m— kK —o— ik —e— FfEE

12 24 36
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FITN 448 T GB 18918-2002 A —Z% A HEMCbRE,
RNRGHARRMEAR ). MR GIET 2570
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e
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Fig. 3 Variations of NH," -N and TN in influent and effluent along with the wastewater treatment process

h T HEERE ARG AR RGP A
PR PRI DT RR , %o A 570 1 7K rh U4 J B e B
Rz 25 e 4 pros. AR D) f(2) R
AALRER RIS AL B AE R 99. 6% |, [RIZEfiF Ak 2
MfEE RN 32.9 mg- (L-h) ', AEALEEH BoA B i
(R AL S S A RE T, S A A 1 5 Hr 2k
R, IR K E AT 1 mg- L' A4k 1 Y 1R]
AL T AL R A 949% | [a] A il 4k 52 Gl 1k ok R Oy
1.1 mg-(L-h) ~". MK 4 P EAE, BAELTHA
R AT A, 2 55 [ B 528 5558 114 A Ak I 28 e
H MEAFAETEREE MR BN, R UER
—BESARE T R S B R A AL R A A, AR A
T Hu T RO R R G mURE Ay 1 HA ST

Ry it — W 5E RGeS SO SR T Y S PR iz TR
A WA SOV BICHY DO JE4T 24 h FESE W, 45
N 2 . AARER A fe i 1 PN AR, JE
DO ¥EF 0.5 mg- L', A fbith 2 A= fkith 3 (1) DO
WA, — R E 1 ~4 mg- L7, HERAE Tk
IKA LR B 5, 5 5 DA 6 R AR R T D o fi
A HLYIT I FE K G 4, 5 307 R mT B (4B 1k
FEFAE A 1) ¥ ff S AR T (. B A AL
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Fig. 4 Variations of Nitrogen concentrations along

with the wastewater treatment process

WRBEBHT It Sl A R A AR AR A 1
AR £5 e B 43 R AIE 1. 82 mg-L ™" Al 1. 67 mg-L~",
MAEAE AR 2 FIAE AR 3 R il R Eh v BE g A7 BT,
HEAREGES RG] BB R AU AL TS
FE. WEFERBIA [R] T R A9 4 8 R AL T 6 DO Y T
SZRE AP AL 35 25 5, R 23 U 8 B il AL 1R 7 DO
VJE AR T 3 mg-L" AT BA B 0 R R AR T
P20 MR R G BT A3 AT, A AL AN ZE Akt 1
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rh R ) 20 A A S AL B G B R ik T A At 2 F A1k
3 R AT REEE T LAUR W T . S, RGCATEL
C/N B T 0m B, B0 19 C/N BEIRIIE 78 A2 1Y ik
TR, A R A Ak SRR $E 4T, Ahmad ' A
TEBIFSE P R B, S S8 B i A T ) B i A 135 P () A B
& C/N I THEE S 25 = Ay DO ¥R A A
BTG U8 AN BT i S ORI, DA T A ik S
FAFAL S IS8 S s A AE B ], 2F— 25 a4k 6] 25 i 1k
RABRCR.
£2 BEZEDO HH/mg-L!

Table 2 Distribution of DO concentrations in the system/mg+L ™!

SUH R Rl Aol kRIB3 ahiEviEm
DO 0.05~0.2 0.1~0.2 1.0~2.8 2.1~3.6

2.3~3.2

2.3 AR

A ARASEALL IR0 (%) 285 2R B Bt ] 22 b it 2
WE S fizs, € DO W 0.1 ~0.2 mg-L "B, 5%
SIRAXBIRGE ISR 2 h WASERER A
JrASCR B I A R (PANOS -N/MLVSS i, T
W) A 4.09 mg-(g-h) "', 24 DO WETE 1.0 ~2.0
mg-L ™' F12.0 ~3.0 mg-L~" i, 5 I B 40 58 2 43 1)
490.73 F10.67 mg-(g-h) ™', RGI5JRLEAL DO ¥
JEZRAT T B ABE 1 2928 DO MR A5 T Y 5.8
fi. SXIE S RGeS e b Y RS Ak B S 1V AIE DO
Sl DT RIS B 0 5 IR, DO &% T
NO; -N# S F= A YR, HARXT S DO Ve B 25
A RT3 FR WA A ML, DT SRS Ak TR 7
DO &M F RISk fE S Z 214%™ . 24 DO &
B, R G5 VAT LA B 0 SO AR CR , R R ge
Al BEAFTELF A S AL T Y.

50

-& DO: 0.1-0.2 mg-L™!
- DO: 1.0-2.0 mg.L!
—& DO: 2.0~3.0 mg-L!

30 -

25 | | L 1 1 | | 1 |
0 30 60 90 120 150 180 210 240 270

¥} })/min
5 A[E DO &HTiTRKBLHER

Fig. 5 Denitrification capacity of sludge under

different DO concentrations
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Fig. 6 Denitrification capacity of different sludge

under low DO concentration
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