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A — LT HAN S50 i 95 0 S5 BF 90 A T8 T 2 AR BRAE 5 15 K R B, B8 o A T s T
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o AHRZ, OCT OAO L Z A B AR A % 15 /K ek B vh i M5 Je i I AE e it BRTIE DA BF9E . A
WFFE 40K F 16S rDNA 5 3 50 5 £ A X OAO Fl AO T 25 b IS A= 375 V5 /K i 7t 45 52 3 3t 14 195
15U BB By HEAT I R 2307, S OAO T 25 Ak BRUIRAE A= 1 175 7K v U103 B o ) 7 20 S 5 9 R it 2 %5
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Fig. 1 Schematic diagram of the integrated device
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ZWAE A0 TR I, ATE 1 NEBUN 46 L BRI | D—RPTIETh, 25 R0 1.16 mx0.4 mx
0.6 m,
1.2 SCIGFK

ARSI R S5 e AR B B AR 1 5 K, KB FE AR AT ;. COD A 340~360 mg-L™'. NH,-
N 4 50.2~72.3 mg-L™"', TN 4 54.2~75.5mg-L"', TP }y 3.3~8.0 mg-L"', pH } 7.3~8.0,
1.3 SRMIMLE R ESEMNIEIT

AT FE DS T 5 A 1 T K AR BT s e K AL 55 AR BUE e, H KRk 80%, K N AR
SIS YR BE SR 3 500 mg- L', LA H OAO T AR5 i 2905 g, AO T.25°82100g.
[ it Udi?%kfﬁ‘ﬁ{m&mﬁ%iﬁEPESLiBﬁMb:.{ﬁz WKIRAGW S5 —IFIMA RN AN 5,
TGO R AW, FRKIRS YA, FE, Fa AL T g, (g 2d )5, i5leEARRE
AW i

bol Mg T ARS8 BT, 4R % S A ] B b ) 2 1 2% N E K AIAR TS 08, AO T ZE#E7K I i 2928 12
L-h', OAOIEQ’Jﬁ166L’h’O AO T. 275 R b 100%, IR & W B o 200%, OAO 1.2
2 Bim e FNR A W 1T 3 LE 24 100% . AO 20 B s itk oK, i 5 /K H kARt b o 25 e 3] k4
B PR A8, OAO T2 R AW Stk , 173 95Kt ABE T, 2/3 JE AR . YIfkiim, &K
Xof K K B HEAT AL, COD SR A B 4% iR £
7 (HJ 828-2017), NH,-N R JH 44 [ ] 43 't Noxo
FE 9% (HI 535-2009), TN R FH 8 o 4 AR 40 714 it
LEHNP G EE I (HT 636-2012), TP % JH 4H PR ¢
I3 GG 1 (GB 11893-1989) ., ¥4 fift 48 % JH 1k
2233k ¥k (HJ 506-2009). pH % FH 3% 55 e vk
(GB 6920-1986) ifit J& {i 1 /K It i1 (GB 13195-
1991) B A7 I 1 05240 R KRG I K 29 #5422 30 d,
AO T ATES 9 R FIREIRE, OAOT. 2 1E
B R2REEERE, RER, 28/ T2EX
COD. NH;-N. TN, TP {32 B % 0L & 2,

i H
Bl 2 Z%#EZEITE COD. NH,-N. TN, TP )

2R T AR RE G A Hi7K COD . NH,-NHE bR 3 AR R

_?A << SRAFTS AR B35 Ge ) R TOAR i >> Y Fig. 2 Comparison of average removal rates of COD,
— 2% A FRfER, NH,-N, TN and TP by the two systems during

14 HIHFEES DNA KE stable running period

P35 SLHE KA 30 R HEATIORE , R 2 Fp T 204 O ¥ R 1847 . T5 ek ICA AO T
A . A0 T2 B A Th . OAO T2 M40t . OAO T2 M4 i . OAO T. 2 Ml ith
JrHEh AOH, AO.Q. OAO.H, OAO.Q. OAO.B. %/ il 100 mL Y /KRS, #+% 30 min,
PR B, MR UUEIRG WA G, BT, PR AFT-30 C FRsrh, DIE52: DNA 21, 75
JERE 5L ) DNA 2K FH PowerSoil *DNA 2 BUR G &, #4 BRI & fd FH B 42 5.

1.5 16S rDNA SiEENF

K F NanoDrop 1000 535 5't B 1 I 22 #F v $2 BUAY DNA [ BE 4l BERY, 45 A 22K 1 DNA
FESLE A CH KRB E 1 ng-ul ' 5, FAVERIH DNA. DL ERIEN 4] DNA A, 7 16S rDNA %
R AR ST X V4 X, 38 i EﬂA%l% 515F(5'-GTGCCAGCMGCCGCGG-3") F1 806R(5'-GGACTAC
HVGGGTWTCTAAT-3") #i47 PCR U3, ¥ 34 Nk ZARFN 30 uL, P HGWAE N . 95 C WiAS 1
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3min; 95 C 5P 30s, 55 CiRi30s, 72 C L& 40s, #4730 NG5 72 C LA 10 min; Fe)
PR G ORFEAE 10 C BRI . §7 38R 1% Byt i W68 e rRL Uk R, 6 8% I 5 32 2%l IR AR o
HF#—2E L5 . f# H AxyPrep DNA #E i il #2171 & (AXYGEN) %} PCR =¥l i alife . 2 )5,
3 3 Tumina 828 20500 &0 UM I 09 J53 4G J7 58 56 B S PE B R R BT RS o B 5 4% 119 SCZE 3% 78 Tllumina -
H (Miseq) FEATMF, T HLAS 20 A9 E s 2617 40 1 19 A= 015 5 40 B
2 HR5®R
21 WMEMREEZHMESH

T W RE A Y R T R R A, X RS AR o S E AT A W Y Alpha £
FEPEST BT, G503 1, B35 R IHE 99% LA L, GE BAAS il o Bl vl S BE A R o TE 97% AR RLUEE
T, K REA H B Tags #EAT RS, JE43%) 1237 4 OTUs, H OAO T2/ OTUs 4 1 1354,
AO T 24 10631, OAOTLZH iy 34 i ae#f bl AO T 2N iy OTU %4 H &, Se Bk 7 A S5
OAO T ZMAN A HEZ R T AO T. 2. M Chao $5 40l Ace 18 EICKH , 2 Fh T 2045 I i 5 B9 9 Fh =F
N OAO S Tth<AO IS i <AO B4t <OAO Bl A <OAO U5 . OAO T. 200 Ag f1hy It < it =
R, WP BT AT R Y SR R, RSO A AR X K R AO TR OAO T2 5 £k R
Wiy 2/3, VHKOKER D, ERYBRERM, HRARAGWFR, KIER—, JEAKOKEM 2551
PRSI T, W, A F) R1 2HMIZERMR[PHEIN Alpha ZHE IR
VUM VR P TR, AT A A oo =

Table 1 Alpha diversity index of microorganisms in

BHATRIRES , 5 OAO T2 Ay — e i < it 42 & each tank of the two processes

H .
% H}% ,ﬂfﬁ TR ﬁt K m %% ° M Shannon ﬂ] Slmpson FEA Chao Ace Shannon  Simpson BRI %

1 ﬁﬂé i, OAO T Z EF’ il 2 % ﬁ 75. z ﬁé tE AO.H  928.01 954.09 3.96 0.060 99.79
E%%:F AOTZ. 2 ﬁliﬁ%’iiﬂg%ﬁzﬁ AO.Q  938.10 967.41 3.42 0.202 99.81
‘I”}Ei@j{ﬂ:@%%{’[ﬁ ’ ,E\J%Iﬂﬁ‘é% ’ ﬁlﬂ%/ﬁ%ﬂﬁ} OAO.B 91339 92797 4.28 0.030 99.81
%:L 2 FpA Iﬁ] :@‘//ﬁ‘%ﬁ:_F ’ (z&3 % ¥ S # éﬁﬁi OAO.H 959.64 980.46 4.44 0.029 99.85
& ﬁm%ﬁm]o B MK;E% » OAO TZWREY) OAO0.Q 943.01 980.01 437 0.034 99.82

YiEh ML T A0 T2,
22 I 1VHRKERREDIM DR RS

ARV LRI E ] 38 A4, ZEIR UL 3. OAO T2 AY4NTR 12548 AO £ . Proteobacteria
H Bacteroidetes 7 2 F T 2E B9 45 1 FIEE 20 H 1T, X 5 HAN U 8 9 9 4517 K 1) o 45 0
TEAALI A AO T 205 " W WF 3R 45 S — 3. Proteobacteria Fl Bacteroidetes J& F R F- M P 2 1~ 5¢
KT, — B0 A fb 4 B AN R 2 8501 22040 vt 8 13 2 Fh D200, e e 2 B2 i 9 % B ZR0F1 s
W09 22 b5 % 5 Proteobacteria 11 Bacteroidetes 0 F-JE WAFEAH K . AL, AO T.Z " HY Proteobacteria
FEZE KT OAO T.Z, {HOAO T. L1 Bacteroidetes FJEZ L KT AO T.25.

TEWKIFET , Xt Proteobacteria ') F1 Bacteroidetes 1] 1 40 T8 75 4% I W g% W0 09 4 A 3647 48 1 47
Br, 53R EE 2 /R . y-Proteobacteria B 7E OAO Y B A 50 2 DL F#VE A Ah, 7 HoAth 45 B2 i 7 14
R VLR E M . E Proteobacteria | 1B, [ y-Proteobacteria 5, B-Proteobacteria. ao-Proteobacteria .
d-Proteobacteria 1y 2 # T. 2. A 99 . B-Proteobacteria A1 y-Proteobacteria ) & £ 7] LK K42 &
TR AR . B LR a-Proteobacteria V55— Rl i 5128 SRR K i s 20 Ao T 2B,
TE OAO 45 RN # I A7 EL I B B & F A0 T, Hl B A MR . S e IR . A 4l 45,
TEHLES A W) o S50 R PR A A R Fh B 20) JE Bacteroidetes 19, Saprospirae. Sphingobacteria .
Flavobacteriia. Cytophagia 7 2 # T. 22 B (5 lW# & . Cytophagia 7£ AO T. 2 H 19 i tL LT /& OAO T



%3 BESAE: OAOMAOL ZAE FIMARA: 15 {5 /K YU E VI HEVE S AE 734 645

100 W Acidobacteria @ NKBI19
W Actinobacteria @ Nitrospirae
W Armatimonadetes O OD1
I BRCl1 O OPll
80 @ Bacteroidetes @ OP8
O Chlamydiae W Parvarchaeota
W Chlorobi W Planctomycetes
3 Chloroflexi W Proteobacteria
60 @ Cyanobacteria | SRI1
g W Elusimicrobia [ Spirochaetes
% I Euryarchaeota W Synergistetes
oy m FBP m T™M6
z | FCPU426 O T™™7
40 @ Fibrobacteres W Thermi
O Firmicutes @ Verrucomicrobia
m GNO02 @ WPS-2
| GN04 m WS3
20 I Gemmatimonadetes m WS4
@ LDI W Unclassified
@ Lentisphaerae

TE: R EEEFIA T 2L TR0 T8 BRI 51
B3 [KFTHRENHBEDEEESFEE

Fig. 3 Relative abundance of bacterial communities in the samples at phylum-level

%< 2 Proteobacteria 1 Bacteroidetes F 0 & M 1E & R Bt h 89 45 75

Table 2 Distribution of bacteria classes belonging to Proteobacteria and Bacteroidetes in each tank %
1] [ AOH AO0.Q 0AO.B OAOH 0A0.Q
a-Proteobacteria 3.75 3.04 6.52 7.16 5.24
p-Proteobacteria 22.30 14.14 26.98 19.24 24.67
Proteobacteria o-Proteobacteria 2.99 2.58 2.58 2.83 1.86
y-Proteobacteria 46.22 50.51 19.28 27.45 25.48
Other 0.19 0.27 0.16 0.05 1.16
Sphingobacteria 2.95 4.29 6.65 13.36 11.02
Cytophagia 436 4.15 2.81 1.69 1.71
Bacteroidetes Flavobacteriia 1.74 1.18 4.85 3.13 1.10
Saprospirae 8.83 10.20 16.67 13.42 15.62
Other 0.53 0.54 0.20 0.33 0.64

209 2 4%, Flavobacteriia 7t OAO S M 5 b3/, HABIZ T HE 997 OAO 1.2 By 4% KU 7 o HE B
W T A0 T.25. OGONOWSKI 45 58 &K B, Cytophagia TE RIRA AR FEM L EEE L, LR N
TE OAO T 28 /b HBE S0t > Tl S it > 1 4803, 3 AT 8 2 DXk 38 93 21 4 35 4R 3 2o (A 400 1 ke DA T
MRS AL . Flavobacteriia TEVF 2 W FE RS AR £ &, AT LhTE A I PR 5 o B K b AN ER
ERIA ML, Saprospirae. Sphingobacteria £ — Y6 Holh AO B L T. 2 FIIR&A . WA T2 L8
ok

bR ER 2R )40, TE 200 T2 fEE H F B S B W 118 Nitrospirae.  Planctomycetes |
Firmicutes . Verrucomicrobia, OD1 %, Nitrospirae. Planctomycetes. Firmicutes 1R 5546 40 7 B A 8¢
UF BB A BRAE ST, AR A R A Ak b i DR AR B AL TR K B Planctomycetes, TMT . Actinobacteria .
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Chlamydiae . Acidobacteria %[ J1E OAO T AWM FER &, HAE AO T2 MM . Actinobacteria
S OAO IS i i B 28 3R], BA SR, fFEAEBRIER AT 2B,
Acidobacteria j& OAO SR & W AV 4 LR 1T, 78 TSP 5 M E B E 1 30%~50%, HA LG4k
ZlEmmThoe, 2S5 L EDNYIERROCEIER™. BR Verrucomicrobiabt, AO T. 2 HAHXT 4=
KT 0.5% B [ J4E OAO Hr i AE Xt £ B W AE 0.5% LI b o VerrucomicrobialE b —Fp1ER . #5. 4
TR BRGS0 AR BRI H SRR AE KT T, 78 A0 T2 ig-F# 5 L JL 72 OAO0 T. &
M) 248, X5 OAO T. 20007 & B FE i ALY A TR R .

23 BKFHREDDTHDH RS

TEARYM T 5 A REAR T, JEkS i 100 oy ey NES NN HES e
3474, FERT 05% HE M B N 2314, @ Dechloromonas
% B 0 R R DL IR 4 R R O marmeriun
(Unclassified)fE 45 1t /) 5 b~ 35.07%~65.13%, .l 111 0 Fusibacter
1t OAO TN HYAHXS F2 B Bt K T A0 T. 20 :%Zifﬁﬁiﬁfﬁ‘fﬁm
E HJ& " >k B Proteobacteria '] W) Thiothrix . ok e 1 1 1 :Z;;”;:;;fﬁa
Thermomonas . Dechloromonas ¥ %t £ JF 3 & , ;;; B Microbacterium
= A 5 L 24%. 5 B (155 0 4 = o e

W Planctomyces

& Prosthecobacter
W Pseudomonas

W Rhodobacter

B Runella

B Sediminibacterium
& Thermomonas

B Thiothrix

& Tolumonas

RG], VE A T 1 2T/ & Nitrosomonas
Nitrospira B.E 2 Ff T 29K iy, (HA &%/
T 05%, TEASLEH, B HK Ny H M FHIE
(others). Thiothrix . Pseudomonas . Hydrogenophaga
Je AO T Z 4 %M b L H & 5 Thiothrix
Dechloromonas . Leadbetterella J&= AO T. 7, it &
WA R EIIE; Thermomonas . Flavobacterium .
Dechloromonas & OAO T. 25 W <3t w19 L 3
J& szefmomonas\‘ Decjiloromonas% OAO T. o R KT T 7 ] e A B A
LU AW T Y S R 5 Thermomonas Fig. 4 Relative abundance of bacterial communities in the
Dechloromonas . Rhodobacter /&= OAO 1. 7. ikt & samples at genus-level
WP PR E

WANG N BE5E Z B, Thermomonas 5 i R £k 14 I il 35 [R5 1EAF G, X [] s IR 40 24 4R Ak - S il
LRGP RS IR 618 R FEAE 3 WANG S 58 & B,  Dechloromonas 1F S Ak i 2 i ] DA E
Ay L6 fEARSLR Y, EiR2MEEE OAO T 2K MM FEEY KT A0 T.F, Xnlfig
J& OAO T 2% TN Ml TP ABR&BCR B EM T A0 TZEWRHEZ —. OAO T. 25 B b ft #4575 J&
Flavobacterium J i1 F S E ™, Rhodobacter A WA M UG, WE T8 L™, A0 T
208, Pseudomonas %5 1AL H R &, H FE IR N S 5% i AL -4 SRR AR BT RN R R Ak 3R
F™, HAE AO T2 M OAO T A A i R EAFEA e 2 F T2 mAU A M EE R N Z —
Thiothrix £ 5 —Fh GE LB ALY W ME —RR IR A K B TR &, B 2 3 B0 1 ¥ U8 I ik ) = S I R 22
— B AR SR AR W s e B A I S, (0 2 B T2 #E HRT. Y& . 7K ot 55 4% 44 A [R] 4 4 1
&, Thiothrix 76 AO T2 H (A XS £ BE B K T OAO 1.2, XffifF AO T2 K& A 15 U I ik ¥ vl fig
P E 5 KT OAO 1.7 . Nitrosomonas 1& 2 # T. 75 08 3 & it 7 68 A48 XF 3 B 43 51 & AO.H 0.05% .
OAO.H 0.47%; Nitrospira W& AO.H 0.02% . OAO.H 0.45%. MA ZEFAB58 &P, 5K &5 e

O Zoogloea
O Unclassified
O Others(<0.5%)

TE: WY B % O s & 7 B0 RS
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1) AOB il NOB MIXJ = AF 0.1%~1% I, B RRCRARIHAR 1, 31X -5 A UCI2 36 7K 5 A6 I 245 2R AR A
P o 2 P AT B 7E 2 Fh T2 S0 i oF BE 24 Oy OAO B4t >A0 4, X AT REE K2 OAO I
P EE 1 B O i FH AR TR AR 975 2 BOD A 8 AO T8/, DA D il b 400 1 5 O
flb S FR B AN G 55 IRy, S A AR S i T B AR IR
24 2HMIZHEDEEFNEMESERY

5 Oy 2 Bb 25 4% B it vh A W0 A R /K T P b 2 B AR R, G R AR W R KT B SRk
S5 R4 MR ZRE b BT o5 AR R B T A TR B A B 3%, T8 4 B ok ED VL3t 36 78 A ]
FE T R o G MDA s A SR A () B Tt T 4 R B R 22 St el A 1) SR SR AR, BB
T, RCROBRT DR 0 2SR A R BORE AL . Pl T AR YR e 5 R SR AN [ ) R TR) AR S R
ZEFRRR, BURS BEAE DL R oK, L, RS AR TR R 10 S SR BEAT X R AL, A R
XFFE 0, DUHURE i B ke X R B de/ s OR T 0) BUARER A 2 SR )5 BEA T X 4 fe

HiFE 5 AT, OAO Il AO T2 [H U E Wy it ve BAT BRI 22 1%, OAO TN AR Bl 4t | B
SNG4 3 A SN 25 SRR KT AO T2 NERAY 2 AN OBi b ] 1 22 50k . X i —25 1] OAO
TEPEEHRMAEYESKRE NG SR, ZHMETE R . Planctomyces. Dokdonella. Mycoplana %
TE 2 Fp T2 A XS F AR, WP e 52 2 A T2 M) 22 R A2 B/, SR AT OAO T2 JF R iig
iKW AO T. A A 1E M &4 A . Thiothrix, Pseudomonas. Tolumonas. Zoogloea
Leadbetterella, Hydrogenophaga. Janthinobacterium 75 AO 1.2 1) =F £ Bl . K F OAO T. 2., [FH A,
Thermomonas . Runella. Flavobacterium. Rhodobacter £ OAO T. 2 FEEFE N R E KT A0 T L., *
1 OAO T Z 2B s 1A T Jm 76 I AO T2 R BEas N Y 45 B2, 2 BLAT i 20 o 9 2 B 1) T TR
(A3 U 75 7K A BRSOR e A= R A

5 A B2 P O A B i e S 2 B TR AR R S BE SR 4 BT 45 2R UL 3R 3. Hydrogenophaga

LgCHXT R 5E)

Fusibacter
Arcobacter
Pedobacter
Microbacterium
Mycoplana
Sediminibacterium
Prosthecobacter
Cloacibacterium
Janthinobacterium
Hydrogenophaga
Leadbetterella
Zoogloea
Lactococcus
Planctomyces
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Runella
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Rhodobacter
Tolumonas
Pseudomonas
Others(<0.5%)
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Unclassified
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B 5 RBAKFTHOMEERE

Fig. 5 Heat map of the abundance of bacterial communities at the genus-level
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Pseudomonas VE } 5 I i Ak -4 S8 S B AL TS, 78 BOD 7 fif 38 55 A3 HL U6 78 /2 1) AO T 247 it v
KREFTE, HATLER —A2 W N #ET AR, AR A0 LAY B AL B b s 7 %
V£ Hl . Dechloromonas. Flavobacterium. Rhodobacter. Thermomonas Y] Jy B A I £k T) GE 1) i g
1E OAO T. 2 By A X £ KT A0 T. 20, JuH J& Thermomonas 1 Jy — M H 5 W AL 3 BV, 78
BOD fii i 4 /Ni OAO T Z i AYARNT IS i T A0 T.25 . X T OAO T A 7EXT TN Y 25 PRl iR
AT A0 MR,

®3 DEEAESRNMPHSH

Table 3 Distribution of functional bacteria in each tank %
s FEI)hE AOH AO0.Q OAOB OAOH O0AO0.Q
Dechloromonas LA NR L AN = k=R e 3.08 457 544 3.18 7.78
Flavobacterium YU AL 095 085 4.17 2.59 0.67
Hydrogenophaga SFE- IR R AL 430 082 038 0.29 0.30
Pseudomonas IR -G E S i AL 1190 0.92 0.46 1.43 0.85
Rhodobacter IR AL 201 110 3.53 3.03 1.91
Thermomonas H IR AL 212 1.60 7.97 10.20 8.48

1) OAO il AO T. & 76 %4 5 35 17 I %} COD. NH,-N. TN. TP Y2 £ 5 343 51 K 97.23% Fi
96.31%. 91.07% #1 89.16% . 61.91% F1 55.90% . 52.59% F1 49.15%, OAO T.7Z.%F TN F1 TP A9 2= BR 4L
REWENT AO T2,

2) T AE W ETE 1 Alpha Z AP0 BT 3R B, AO T2 F1 OAO T2 —H R FEMEZFEEA B3
25, OAO LZMFEMEFIERILT AO T2,

) WUAEY R AR AT R, 2 B T2 A B 1134 8 Proteobacteria M1 Bacteroidetes, H.
Proteobacteria |1 % 1) B-Proteobacteria Fl y-Proteobacteria ¥4 2 Ff T Z BB . 2 Ff T ELEM
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Abstract To reveal the reason for the different domestic wastewater treatment effects of OAO(oxic-anoxic-
oxic) and AO(anoxic-oxic) process at the perspective of microorganism, the ordinary wastewater quality test and
high-throughput sequencing technique were used to analyze the different bacterial community in the activated
sludge. The results showed that the average removal rates of COD and NH;-N in OAO process were slightly
higher than those in AO process, while TN and TP removal effect by OAO process were significant, and its
average removal rates were 6.01% and 3.44% higher than in AO process, respectively. Proteobacteria and
Bacteroidetes were the dominant phyla in the two processes, and B-Proteobacteria and y-Proteobacteria were
the dominant classes. A significant difference in the bacteria community occurred in these two systems, the
abundance and diversity of species in OAO process were greater than AO process. Pseudomonas, Thiothrix,
Dechloromonas were the dominant genus in AO process. Thermomonas, Dechloromonas, Rhodobacter were the
dominant genus in OAO process. Nitrosomonas and Nitrospira, as important genus of nitrosation and
nitrification stages, had a relative abundance of 0.05% and 0.02% in AO process and 0.47% and 0.45% in OAO
process, respectively. The higher abundance of these two bacteria in OAO process might correspond to its lower
BOD loading of the activated sludge, which was suitable for the growth of nitrifying bacteria. The high
abundances of nitrifying bacteria and other functional bacteria in the OAO process ultimately resulted in high
nitrogen removal efficiency. The above results can be used as the theoretical basis for the screening and culture
of the dominant bacterial in domestic wastewater treatment using OAQO process.

Keywords  AO process; OAO process; domestic wastewater treatment; high-throughput sequencing;

microbial community structure
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