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ik C/N BER 57K ) (R AR aa AT RRE T pt A
YAk
%5 &, WALIE!, BRHEES 2 LA, B A0S, AR,

LRI PR K BERE A G RA T, I 5180005 2. MA/REE Tk K2 (I AR GHEE TR, B
5180005 3. B M T IR K B TS K Ab BAT BR N &, BN 277500

W OE KON KSR T AR IR LR R A SR B Ak R, B TSR . AR S UAE B C/N Y5 K Ak
FHLSKT A1 i YA e B AR 32 8 AR S E I, ARFE LR A 5 K ) (AP0 T2 R 3 F1IX DO 18 45 5w 1975 7K
AR . SRR, ERYKDOBITIRME T, 15K W kAN m R, AE A AV G B
370% & Wik 3 90% KL 2, TN EBRRE 76.3% 1 TF = 82.9%, H BB RA it I, WA X 2 F 4
AN A, 7EME DO BEAT 4T, M5 X NH,'-N 0955 A 3 i LU s FE il Ak A0 Il 2 R a Ak fE b £ ks
R A FLERFZW, 7EME DO & F, NOB F B 0.15% FFEE 0.06%, 1M 4% A5k 3 BEf PAOs 55 GAOs Y
BARFEEEH 2.06% FH 8 = 3.57%. KM DO, TAMIBIEEIT&MT, AN B ERATER THAXE
TR Ak 0 [5) 25 5wl A FH Y B 9 T s e sl . i DO X AOB S I /E R /1N, %) NOB i1 FH 8.3, 53 NO,-N f¥
TR, A TBARGE; PAOs 5 GAOs Fl IR A A 09 PR IR A6 4 U X S i Ak B &L, 487 T B ARk Rg s 1N
TR A R B3 T+ AL T PAOs A=, T TBRBE&LAE . BbAh, I5/K) K DO B1THRIE T, W TEB XK
A, WK A EZE AL T 0.3 JT.

KHEIR) R RBRALL BRI 2P R

I ENG KT i K8 5 B AR C/N B K BTRRAE , PR T 5K i Z SR me s e U2, Sl 2 Hh K
R I IS AR R, R PR AE V5 K A BRI AR th B A HLAR IR, BRI T T A BRSO, (HAE
ERRIR 257 S R &Y L T5 ey . Je e B B R R . R A ML AL CO, (N A ik
KU | BRI BT AR R RO S 2, R, SR R SR 09 7 ik EOR i DU BAIE C/N Y K
Aeb BN A T B U ) A4 61

1K T A i A X ST AR R A LY, 3 me UR IR 2%, P v M S RE 08 o 20 A i, 42
e B IR AE SR A B AR %, I JLAE, B 2 F 5T 4 A ) T K A BT R A R X i AR
(DO) A 52 FRAK C/N 15 7K 1Y v 250 08 &L B s, JC 7% #0804 ] B AT 5 45 B BB #E o JIN S8 7E1IK
CN KT, il 2 26481 DO<0.5 mg-L™', LB 87.9% Y TN ZpRFRIT, X E % 7E AAO J I
i A A T R R IR A 40 X DO MR BE 7 T A AL W N 181 3 25 8 T S B T () 25 A Ak S A A &R
W, HK TN AITP 43508 5.8 mg- L™ #1103 mg- L', b4h, Ik DO il i F2 v i A= W B v 5 1) g 3
I EHER: 2022-02-24; A HEHA: 2022-07-18

T—EE: RIHEH (1990—), B, w1, TR, 957478752@qq.com; RBEMEE: 2k (1990—), B, WL #HF54,
1039777428@qq.com
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e, ot sE B C/N HEZR 260 T 2% T 20 v R R PR i A O B J TR =22 — B0t 3 588 251 By
FERW, X TR CONTGKIMTT , 48 X DO Ry IR AE 2 35 32 5 2 48 A S il Ak T 0 2R Wl v 1) 2 12
M B e 75 7K Ak B 2R 2 04 3 R BR WA AR

SR, TEAR C/N HEIK 25 A FIIR DO 42 i SR 15 7K Ak PR AL BE L T 2E Wy A T 45 0 B F 52 K 2245
BE /M SR B, B2 B X SE PR TR BN AT ST o X T35 K AR BT 5, DO A7 fl 23 X
AT ZRG " ABIGE W, HE a2 CE B Hi, A7 0 24X 5P TR TSR DO J4%
RGN 1K AL PR G ZR 5 ARE . AR WF SRR FF I AR S B 5 K A B (I C/NCEOK) BEAT 525, L
BAETCAI I W5 T 8 45 4 401X DO 85 G S5 6 T i 175 7K T M3t S0 5 W A58 R A Bl 2B W o R 2 A 1) A2 A
IEEE 4 BT R DO 2 S W 7™ 25 A 28 05 04 o T X ek W L v R AR IR T H bR, A S E i
i DO 4%, PREEAR C/NHEK 5K KIS bR R, SCBL2GFE Co i SN i) FBRERE (9 ik iz
) BIFEZE A, AMURKATLY Tist7 3], o W) 28 B SE bR TRE A I 45 S bois 4R 2% .

1 MRSHE it 42 s
L1 TRETEHR YT .
AT FEARAT T IR S5 K b 3 N
)BT AR BBy 8x10% vd, SEBRAS AT kil | S P B R ok
e 8x10* t-d ™!, R A0 T X #/K C/NFHy 5| | w W | [

B 4.2:1, J& AL O/N BEAKOK T, #4EKE
BomA ML IR, KK AT CIREE T 7K Ak B
J 715 R HE bR ) (GB 18918-2002) — 2% A #5

______ ﬁ@mﬁ“"“{i]gﬁ
M. EET MBI, EEWHYSHO

£z

- arnnt={ e
AROFSERB AT R 2 B B, 1Y SR AT

Bt (P1) 4 2020-01-01—2020-12-31, H:365d, 1 B EEIZRE

T AR FE HL 7K TN 3 B8 8 i B R (Z 1% 414 )s gt Fig. 1 Main process flow of sewage treatment plant

20 Bx (P2) A 2021-01-01 —2021-05-22, 4t

x=1 LZHHANEH

N VAR~ BN 7 == Y N N
143 do S P2 B BT i 3 #2005 Table 1 Parameters of process structures
o, fE4l6d )55 kIR . [EEF, P2 BB
%, t ; AL BN ﬁ i Fﬁﬁi HHY  HRTA pLULES AWm® KF/m
TE ALV I e o 4 S BYBE R . 366~399 d 4 £ -
NN . JREIX 3.6 1 12 000 43
TE 370%; 400~425 d & ¥ T i 2 280%; 426~
e . . . B IX 2.5 2 8332 6.0
455 d B W T I E 180%; 456~484 d B T i & Py
) L e g A 5.0 2 16 664 6.0
90%, ZJa NS, 24 HrBastr 280k 2. o
Zitih 6.0 4 20 400 4.5

1.3 JKBERR BRI E 4 7 47 5 5K

1) K 45 b5 € 5 0 o K AR COD,

! - . £2 mAT2AMBETEN
NH,N. NO,-N. NO,-N, TN. TP. MLSS %

Table 2 Operating parameters of sewage treatment plant in

F6 A5 AR 4 B bR 1 Oy e Y JKEE DO ik two phases

32308 3 5 47 0 A 4L (Y ST-pro20) il £ . g CRHENE DO/ A R
2) WUEWIRE R R AR SR . BT R (mgL™) (mgL™)  [FHH/% PN /%

g, 430 T PLEE 140 K) 1 P2(5E 499 K) Pl 73~575 24 370 100

2B Be TG K TR AR 2 ALIEPETS AR L o R P2 0-284 0.5~14  370-90 100
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B E B DUREA I G | IX T . PEME B, MBI T 1. 3 M 5 mAh R 3 A HEM,
B9 AFESVR AT A | AR . REBJEHEMIRAET-20°C, M TIREMAEDMNIT .

3) 2 KN 5 43 1. A E.ZN.A.® Soil DNA Kit(Omega Bio-tek, 3% &) 127 & % 1% M 75 VB ik
A= W) RE G HE AT DNA Hl 42 fff ] NEXTflex™ Rapid DNA-Seq(Bioo Scientific, 25 [ ) % & ; ffi J
Ilumina NovaSeq Il /5 °F- & #4772 F Ay 5 Al B 5635 AE W IR A RHBCA IR A Rl = F 5 #1748
P AT o
14 HEFE

AR X AR H ] L AR XA AL BB G S X B R e il =X (1) 2K (2). X 3) I

_ Crno;-Nef — CNo;-Nin

x 100% (D

L=
Crr—Nin — ONpr-Net

_ CNO;—N,ef - CNO:’—N,in

R, = SR C— x 100% (2)
R; =100%—R, —R, (3)
Roft: ROWIERKBIEHA], %; R AkFRIX BELRCOD LI AR mom it memikeo
WA ], s Ry A X A R I ey
B, %5 CxugninsCniner 73 91 8 3 480 X 7K 500 ’ ’
NH,-N Jit & ¥k &, mgL™'; CNO;—N,inaCNog—N,efﬁj\ ;] 400
511 g 44 1K 3 7K NO, N R v, meeL ' g
CrornimCrorne St B H HF A K HEK NO, N it 2 %
W&F, mg'L_lo \}g 200
2 SRS

2.1 BEITHEE 0 L&
BEXFPL. P22 0K B, HHERGEME EE/
DO i XA AL . R B T e e A 5 2 itk COD. ZEEWIRME R COD XBRET
PRACR . Lt B rhig oK ) i 7k COD 22 fk Fig.2 Changes of influent and effluent COD, sodium acetate
UL 2. PRI P2 By B i5 7k T HE K COD {E dosage and COD removal ratio
W F2 50 PLET B PR K COD Y59 {H —e— KA A  —e— KR A —o— HKEA  —o— HIKEA
215 mg-L ' (C/N=4.4:1), ZMInfxJE COD 24 & - —o— KT AL —o— HAERE - DAERE
PO 7 41 mgL'(3 C/N=5.2:1); P2 [ B 52 B 120 P — e 112
HE7K COD 415 & 244 mg-L '(C/N=4.2:1), {E 100 |y
P2 B B B A 4 S0 DO W ¥ J5 , 5K T HK
COD {HIEAYEFF7E 25 mg- L™ LAF, 490 d J5 H
K COD W& A L F, A5 8K W & HE ik 25Kk
COD V- L BR 3 i P1 B BL Y 91.5% 22K P2 By
B 92.5%, AL AW, AT UL DO Y B AR X 20—
AHLY B LR LF-Tosem . 0 s
2 4B Be ) NH,-N. TN 2 [k & NO, -N 0 100200 300 400 500
SR 3. P1A P2 B B NH, N B B L EwEmE
MR RH %S 2 AR Bk B REKERS SR BEARERL. BEER
FHITREK LS5 46.6 mg L F149.6 mg L™, o 3 Changes of influent and cffluent NH, "N, TN, NO,-N
FEAR A4 IX DO W BE 5, PL AT P2 BrBris /KT and C/N, removal rate of NH,"-N, TN
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|
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K NH,'-N i R AR AEFFTE 1 mg L' LT, 3 LB FRAE 97% DL 1o 7T WL DO ¥ B (1) B A%
XF NH,-N B 2 BRECR TC i 252 .

P2 [y Beis K ) 0t R B 2 BRSO W AT T PLBYBE . P1BYBETS KT HEAK I K TN S 34 4 ik
JE4 5120 48.9 mg L™ A 11.6 mg-L™", “F-¥RBRHEN 76.3%; P2 WrBris/K) HE /K TN -3 o it vk Ji
351k 57.9 mg L M1 9.9 mg- L', FHEBRFETHE E 82.9%, P2 BrBr, AWFIFEAERE S DO W | %
TRAMIn B IR 0 R, 640 W 13 HE DA PL Y BEAY 370% 2 R, Fe %N P2 [ B 90%, Fifi
b 100% B95 PR 10137 e, TN B9 BRE 2 55 R 10 D 82.5% [ & 65.5%. P1 BBt TN - 15 2 4 i T 3
WRBRAR SR, P2 BYBR TN ZBRF U0 5 T3 PR3 1 0 A 40 Tk J32 B/ e IR 48
T T, V5K B B A BE AR E AT AR, B R T

P2 BB IF R x5 7K T Hi 7K NO, -N e B A7 BRERAG I, 25 SRl 3 i . KK DO 38 47 44
T, K TNZ#i L NO, -N A F ., 5 367~406 K, H7K NO,-N & F JLFH 0, Z )&% #iF+
=5, TE 508 d B ik B fe s E 8.5 mg- L™, AR A NO, N R, X5 Wkun 555 78 /N 52 56 v i iF 5%
GEM 3, EMRDO KT, S HB B ER NO, N Mg, 352 5 [ il W2 £ 4 1k 7 (NOB)
ZHRHME, DEACH (AOB) Z W N LR, &S B R RALY, P2 By BOJT 0 1247 452 11 A sk
P, C/N M S2:1(F AMIBR IR B 2 4.2:1, 1 TN ZLBRZCRH 0 B4 2T+ . HR R 2 — 0 BB J& PR AIK
DO J&, #4E X kA mFemih, iR asik 224 NO, -N Frdfs i T HHA (U NO, -N 4 60%, K KFEAE
TG R B R B 7 2R Y, R R IR R A P T A B R e R 2 —

TR 2 BB TP KERBORALI 4. P2 B itk B otk B —o— KK
Beis K T xE TP 1 R BRACRIE T P1 Y BL. FEAIK af '
IF X DO MR FE S, TP Y 2 bR &8 R A W] 42 ”
TE, UTTE M H K P 2 5 B N 0.64 mg L ~
F034mgL", EKERE 87.0% LTH % 92.7%, B
W DO W MR T TS Ak B R gk S [kl o
BT . RS AN R SR B 5 R 2 e, A L) 1 40
M55, AKHIE DO & MHEE T Rahpiy = [ 120
REmE AR, DI ZRBI S T G bRl sk L. ET L T .

FERFAR DO 4 F 5K T B fE 1 42 71 °% 10 20 300 400 500"
(R R, 35T P2 B B 392, 475, 493, UL
499 Wi 4% = b 2T 1 KK SRS I, 4 B4 BEASBEEREDL
W s i, COoD. NH4+—N 5 TP 75 4% 3ih A B Fig.4 Changes of influent and effluent TP and removal ratio
TCIE T B gk, Hrh, 7EREM 0 COD B3 T . 00 EEIE I N IEE M A LY
T DR Stk 35 P 75 0 D W B % 95 DR 11 3 (1009%) AR B AR FEU191,

P2 [ BL R AIE DO J&, MRS ALAE Wi B 3. 56 392, 475, 493, 499 K, NH,'-N 7E4f- 40 i)
AL AR TC 22 55 SR, B I RD A 3G 0, S R o HE K NO, N TR U BE SR R, SR
11.1, 7.8, 1.7 f10.1 mg-L™"; %% oK 3w tH /K NO,-N R B ik JE B2 Wi 7w, 2% h 0. 2.6, 5.0,
59mg L, KK DO IBAT 41T, UF 40 M % NH, N 4 %% £k 7 7 A 4> B il 16 78 Sy e AR 4k . 1
Hh, 5475, 493, 499 K, P LT EA R TN BRI 4 .

P2 B B DO i 47 5 4F T, 4 X S X1 /UG Ak 7 i 1m) RLEEA T o0 B, 25 SR ANl 6 FTos o P2 By
B A X B Wi e i re g fh, H R B A AR . 392d R, ERIX BB A S
B, 2R R X SR AR E TR, B 392d /1 94.1% B2 499 d 1 0.7%, 1 %5 T2 Al AL /)
LA O B2 38.0%. SR, (EHAERMIE, ERUKEDOBITRMT, BT b jE

. P2 1100
oo SHERR R

> 2% 9
2. § SFRF SR A PR
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280 0 280 . - 0
7 CF K SRR BRIRR 7
s [ K YRSUR BB IR 1o 210 L DALk leo
PARSEAR ik ~ ok ~
200 H 150 S 200 {50 =
Q ] M %n o M %‘)
o 160 | {40 & 160 {40 =
£ 8 F 2
st = N >
:%Illzo- -30% 120 H 130 1z
S = 8 b
80 N 20 & © 30 =
= . =
40 | . {10 40 :
Wn [N o N _ ]
0 __;%_l R 0 0 3 ¢

COD NH,-N NO;-N COD NH,;-N NO,-N

(a) 392 di5 Y R AL s il (b) 475 di5 i AL As L
210 70 280 . — — 70
. . Ok N REAAR BRI AR

gof]]  EEHK NYRAAEERGAA {60 240} EZANFEAK CTiiK {60
A EAR Ik o= =
150 150 = 200 | 150 =
= M en T M o0

— M —

- 120 {a0 £ 7 10} {a0 £
2 2w 5
£ % £ 2
& 90 {30 & = 120 130 &
[a) oA iz
Q o N ™
S 60 g N 120 8 O g0} ] 120 &
7 ¥ ¥

30 | N 10 40 H N7 10

1) o1 11§ L oo, 0 1 B A 0.,

COD NH N NO-N TN NOj-N TP COD NH;-N NO-N TN NO;-N TP
(c)493 di5 i R ALl il (d) 499 di5 J YRR I

5 ELZHMECOD. &, BiREKRE
Fig. 5 COD, N, P mass concentration at each process stages

fe5h, (A 4% NH, N BE B 16y NO, N Lo ok e T

A4k 5 NO, -N. % ¥ 73 NH,"-N 19 bt {91 —

392 d (¥ 0 Wi [ FH & 499 d ¥ 61.3%. T 4f s 9

SAIX K DO K NO, N FFER BUk 45, il 4 S wf .

BRI LERF LK 5 T IR LA . 7T e e

ST (T A B A1) AL TR A .

LA 0

22 BB S AR oLl L L] B
ik — AR %P1 P2 B BOT5 K ) R 2 &

4 o 3 Ty A B = B A
SHIOPTIOLIR ., 2P KT WRRIE g papammits, THts. AEREENEL
P AT B R AL I R IR B A Fig. 6 Variation of NH,"-N nitrification ratio, nitrosation ratio
TE T KR BEVE 25 4 18 7(a) T s o K IR and simultaneous denitrification ratio in aerobic zone
DO s 17 &M UG KB RGN AED TR L2 FHEE . PLITERE NS R H
Proteobacteria(36.3%), YK A Chloroflexi(20.0%) 5 Actinobacteria(17.7%); P2 BBt R 8t v 3 & f = 7Y
115k Proteobacteria(40.8%), i Chloroflexi(15.1%) B . [% Actinobacteria(23.0%) ‘. % Ft & . W4,
E A1 B2, Nitrospirae( i 1R £h AL AHSC T 1)) A9 2 52 i P1 BT BEAY 2.2% T 2 P2 By BL i
0.6%:.
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others b L 1Piza®: '8 "AOB NOB PaOs | [_IPIFZP2 —+— P21 15
Ignavibacteriae < L5¢ I i ] R icrtee: il
Nitrospirae ’ E 12+ i 14
unclassified_d_Bacteria z % 09 43 %
Planctomycetes éf_ 412 =
v 0.6+
Acidobacteria % Uﬂ’:\:
Bacteroidetes M 03 1!
e ' RN vf ol o @ B O \\» "
Chloroflext S e e
0 10 20 30 40 50 ¥ \b&\”s' é\@‘g ™ W
P IRTARRS 5% cﬁ‘@ o@“& &
(a) [P DR REAS AL A2 1k (b) JEACER 3 fA:= A X = B A2 4k

7 WMEMHEMEE
Fig. 7 Relative abundance of microorganism

A WA T K B BE AN R 7(b) B o PN P2 By B 2 4t N B R Bk Bl = DD e A W 7 @ K F
ESERERZE. MAEHME X RMAEY AR & &k E (AOB)Nitrosomonas Fl
Nitrosomonadales 11 & 43 5 i P1 By BERY 0.41% . 0.32% 254k % P2 B B9 0.45% . 0.21%, W0
AR R VRS R £k A 1L B (NOB)Nitrospirae B =5 F£ HI N P1 B BX 1) 0.15% K iE T & 2= P2 By B 1)
0.06%"", HILET U, , fIk DO iz 47 4514 % NOB (1 BH M il 4E FH , vl BB 2 1 AL 47 40 X NO,-N L & (1)
FENE,

KK DOz 17 454 F , P2 Bt & 4 W & il b Th 8 3 4= ¥ Hyphomicrobium . Lautropia .
Dechloromonas . Acidovorax. Thauera. Comamonas. Ignavibacterium =K %¢ P1 By B A Jr 38 Jin 07191,
AXTFEENERA 1.4 1%, WAh, P2 MBIRGHERBEE (PAOs)Candidatus Accumulibacter . Rhodobacteraceae
15 Bl (GAOs)Defluviicoccus . Candidatus Competibacter Y55 P1 fir Be A W F ¥ TH, RUAYAH X 3 B
i PLRYELRY 1.7 /% . AHFRERM, 3X 4 B2 68 RE 98 A F D U it A2 1Y N B R 14647 s il Ak Al &1,
LT UL, K DO 4514 R 48 N 25 SRS Ak 2 RE sl 25 0 A 355 o [ A 2 I 0K e D58 20 1) O 2k

KK DO BT M T, WA XA MR g R, 48 XA B WA 2 A (BA) Bk,
W0 5 LA AT B A AR X AR ) AP i AR R S A B R AR B A . ZHANG SR BF R R B, 7EAIR
DO %4 T #4r GAOs. PAOs 75 K F B A7 1 PR IR AR B 58 2 VHFE , RS TSR RE 9% 4T S il
A, M FRAE R brd, RERARAZ AW DIREMAEY, IR EAEIREEA
AACEN . B, AP KL DO ia 17 4 42 1l B4 I i Ak D g 1) PAOs 5 GAOs = £
. TEAF AR IXOIE B T T Bk 5 Y [R] 28 i AL (B4 A AR A Ak ) AT, DATTAE T A0 sk 58 K 1%
RGP TR A A5 14 T $ 8 1 s K ) R AR YR 5 K A i AL RE -

WAL, BRI ERVAERKBE DO 17 &M, RERHBBCRA W B HET i, Xt
RGN BRBEA I RE A AT 00 o S5 R KW, IRDO BT 4T, BB & Rt BR sk T 5 (1)
Candidatus Accumulibacter. Rhodobacteraceae(fEF| H DO 5 NO, 1E J B T Z /K ) PAOs) 4, RGN
T3 I —FhBR % B Tetrasphaera({L HE F) J DO VE 4 HL T 32 R 1Y PAOs) B F A B & =T, P2 BBt
3FHRTE RS T R A EE R PLIY B 2.3 /5%, AT R ATRESy, DO 17414, & TH
BLIAE R s T A= W B i I %, {2 T BREEAH GO RE A M A, IR T+ T RS
R e,

T IRe M E AR, X PL. P2 2 DB Bols KA 3 R g N A A DG T R 2 R #4740, 45
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RAE 8 s, 24 B B 2B W I /A G Y 357 LI
WIRE RN FEA B EMZES . P2 BRI 207
DO Jii, AE A XIS AmoCAB i F: Ji 31
s 20F
JUPARAE, TAHPRER A ML IR g D) RE S K] NxrAB s .l
IV 12 1 J5 i 2y BiE 5 N NarGHI/NapAB A& £
BEAS SR WE T 6.7% 1 4.2%, 07 R k3 5L ity = oos|
o 0.020 |
IRESED NirKS B FBETHa 1 13.5%724, 454 0.015
WIPN 26 " . . 0.010
FWALRE XD Re i AW F BE s, R R g b 0005 | [ 7
N 0 4 A A
IR — W EALE N . KK DO i3 17 514 AmoCAB  NxrAB NarGHI/NapAB NirKs
Al NOB, 53 Nxr 3 K AH 4 £ B F %, 1 EH IR
WNO, N A R . NO, N LB T K S EARER LR RN R
{6 NO. -N. 75 NO,-N %&{F . Nar /Nap 3 i Fig. 8 Relative abundance of partial denitrification genes
A 3 ~INNA) » ~INOR ) 2
X5 BE AR, Nir & KA X 2 B Ty, AR #3 EKTCARMEE
l}%jﬁyi\ g g %H:—Fﬂfﬁ C/N HEK 3% 5 K T Bt Table 3 The economic benefit calculation of
/’fk §//I ﬁE f /‘J % @% %,5 Z* sewage treatment plant
R R o
23 féiff%lf{iﬁ-ﬁﬁ WiH CIREN L/ R LR/ V5 i/ T/
R o . ) (td™) (kWh-d™") (vd")y  (JigEd))
KIWME DO BT 5T, Ais KT ik
ot g e PLETE 20 9 600 76 4.05
RS FEARIAE 35T - 1) 1A Sk
P2 EL 0 3960 52 1.61

W, 255 B HIROR R 2) B FEAR, HAE

W5 3) MK DO, MK/ TCAMMBRIFE ST, SR R, 5 e ab FRAN B ARG . 15 KR H
fik DO iz 17 % W Jr oty o 1) BB L Te A ss 1H A WL 3% 3, b W4l (F & 20%)750 T ¢, HL 3% 0.52
JG-(kWh) ', V5 e AL 2% (80% 7K %)270 -t P2 By Bemyi5 oK) s 4T 9 H LG P1 By BeRE AR 2.44 T7
Je-d™, K Ab PR PR D 0.3 6,

3 #ig

D) KWK DO BT %M, MK O/N ZEKIREI5 K (A0 T.70) B fs: 1k AN I8, 76 s Ak i
I L 370% FEARE] 90% R e rf, TN RBRFCRARE T, Y LBRZEH 76.3% 27 % 82.9%.
X T2 B T A DX R A A A R 25 R A A R A8 B T BT R

2) J B A A AE R A 3 LE IR RL R R IR DO 2% 48X AOB #II /E /Iy, X% NOB 1) il £ FH BA .,
NOB 1 F FE M 0.15% T % 2 0.06%, i 1R £ S0 A6 i st B 2 i 356 ) NxrAB F W 2% F B, 15k
NO, -N &,

3) G5 S IX R 2B R RS AR T B9 P9 7 R R IR DO 251 T B4 I il AL DI RE i PAOs 5 GAOs L7 7t
B, M 2.06% T E 3.57%, WA IX AL DO ST I B E 65 AT 1Y P B TR 52 R s Ak
R P BRIE R R AR T AR BE T PAOs (A K, RTTH T BRBEALAE .

4K DO BATHRME T, 15K AMmBRIE . BERAE . 5 e b B A B IR RRAL,  misK &b 2 2%
544 0.3 T,



2718 o T OB MR %516 %

& % X Mk

(1] B I, A6, &9 M, 25 IR 4 W ¥ Lot £ 5 ok oK o A R AT BT Y 22 R 0], PR TR, 2018, 12: 1907-16.
A/O/A/AJOTRIER & LB ABRBE I m ], 3R TR, 2021, [15] JRMATE, Zet, Tkl 45, 15 08X L0 B£8R B BT g
15:1744-52. JHAE T, 2020, 49: 1457-62.

[2]  ZHANG M, WANG Y, FAN Y, et al. Bioaugmentation of low C/Nratio  [16] WANG J, RONG H, ZHANG C. Evaluation of the impact of dissolved
wastewater: effect of acetate and propionate on nutrient removal, oxygen concentration on biofilm microbial community in sequencing
substrate  transformation, and microbial ~community behavior[J]. batch biofilm reactor[J]. Journal of Bioscience and Bioengineering,
Bioresource Technology, 2019, 306: 122465. 2018, 125(5): 532-42.

Hepagh H oz e A (e A TG RS 23

(3] AR, BRI, TS, . 5K SRR A e BT (s AR IR Bt [17] XIN X, QIN J. Rapid start-up of partial nitritation in aerobic granular

JE[J). MLFHAET., 2021, 50: 1600-6. sludge bioreactor and the analysis of bacterial community dynamics[J].
o SE Y s A e b o Lt L 0 e

[4] Tz, il )LHHE’ I/J\ﬂ(tﬁ’ . (’?ﬂ(ﬂIEF&H]H@Z/E*%M{)E%H)L[J]A Bioprocess and Biosystems Engineering, 2019, 42(12): 1973-81.
#UKAIK, 2021, 57: 1569, [18] YANG N, ZHAN G, LI D, et al. Performance and microbial community

5 E, WA, VIR, 4. IERLS AK A B A SRR AT 11 LG . . .

(5] T, B, P, 5. FETIRELT KA TR ORI of a novel non-aeration-based up-flow bioelectrochemical filter (UBEF)
RIBFFEN]. hEZKHEK, 2021, 37: 65-74.

1l treating real domestic wastewater[J]. Chemical Engineering Journal,

[6] JIN P, CHEN Y, XU T, et al. Efficient nitrogen removal by

2018, 348: 271-80.
simultaneous heterotrophic nitrifying-aerobic denitrifying bacterium in a N e o
[19] fhmim, &, TR, %5, RAE KL AL H A S
purification tank bioreactor amended with two-stage dissolved oxygen .
ANAMMOXIIRER I [T]. MR EE Tl K244, 2019, 51: 32-8.
control[J]. Bioresource Technology, 2019, 281: 392-400.
[20] OEHMEN A, CARVALHO G, LOPEZ-VAZQUEZ C M, et al.
(7] e, seolm, 2, S5, (BB S RN 28 )AL Tl 16 R RS Ak
ncorporating microbial ecology into the metabolic modelling o
T I i icrobial 1 i hy boli delli f
F]. ERLE, 2019, 40: 799-807.
[8] LU X, HU S, SUN R, et al. Dissolved oxygen disturbs nitrate polyphosphate accumulating organisms and glycogen accumulating
organisms[J]. Water Research, 2010, 44(17): 4992-5004.
transformation by modifying microbial community, co-occurrence & ] {an
. . . . . [21] CHU G, YU D, WANG X, et al. Comparison of nitrite accumulation
networks, and functional genes during aerobic-anoxic transition[J].
Sei £ The Total Envi £ 2021: 790 performance and microbial community structure in endogenous partial
cience of The Total Environment, 1 790.

[9] XU G. ZHANG Z GAO F. Effect of CODN ratios and DO denitrification process with acetate and glucose served as carbon
concentrations on the NOB suppression in a multi-cycle SBR[J]. Journal source[J]. Bioresource Technology, 2021, 320(Pt B): 124405.
of Environmental Chemical Engincering, 2021, 9(4). [22] ZHANG F, PENG Y, LIU Z, et al. Development of a novel partial

[10] EH, A8, (L7, 5. A HRBREIR T 5K B R S A e nitrification, fermentation-based double denitrification bioprocess (PN-

S R R RER ). FREERIE, 2021, 42: 4374-82. F-Double/DN) to simultaneous treatment of mature landfill leachate and

[11]  E AR5, AU A AT 53 4540 [M]. Jbst: dhE R waste activated sludge[J]. Water Research, 2021, 203: 117540.

BERRE L, 2002, (23] ToRH T, KDL, . FALHALHA LRI RERUE N 2 T

(12] kit P, OB, 5. BVAMRE SR T A RES RO IR 1k TUBFSE PR RLH[]. A HOARIE AL, 2018, 34: 1-14.

PERE B VT RO AN, IR, 2021, 41: 3258-67. [24] ASAMOTO C K, REMPFERT K R, LUU V H, et al. Enzyme-specific

[13]  WRESE, skZ5, RS, 45, 3L Tt RS e i A= i S H A WE I ik coupling of oxygen and nitrogen isotope fractionation of the nap and nar
[J]. PREE T2, 2021, 39: 38-44. nitrate reductases[J]. Environmental Science & Technology, 2021,

[14] FEK, TAE, KB, & =YW H-ZHAO-IE B A T ExEK 55(8): 5537-46.

(T

A2 4 W A1)


http://dx.doi.org/10.12030/j.cjee.202011119
http://dx.doi.org/10.3969/j.issn.1671-3206.2021.06.033
http://dx.doi.org/10.13789/j.cnki.wwe1964.2021.S1.032
http://dx.doi.org/10.19853/j.zgjsps.1000-4602.2021.09.011
http://dx.doi.org/10.1016/j.biortech.2019.02.119
http://dx.doi.org/10.13227/j.hjkx.201807093
http://dx.doi.org/10.13227/j.hjkx.202012261
http://dx.doi.org/10.13671/j.hjkxxb.2021.0188
http://dx.doi.org/10.13205/j.hjgc.202105006
http://dx.doi.org/10.12030/j.cjee.201712110
http://dx.doi.org/10.3969/j.issn.1671-3206.2020.06.029
http://dx.doi.org/10.1016/j.jbiosc.2017.11.007
http://dx.doi.org/10.1007/s00449-019-02190-x
http://dx.doi.org/10.1016/j.cej.2018.04.200
http://dx.doi.org/10.11918/j.issn.03676234.201801014
http://dx.doi.org/10.1016/j.watres.2010.06.071
http://dx.doi.org/10.1016/j.watres.2021.117540
http://dx.doi.org/10.3969/j.issn.1002-5464.2018.02.001
http://dx.doi.org/10.12030/j.cjee.202011119
http://dx.doi.org/10.3969/j.issn.1671-3206.2021.06.033
http://dx.doi.org/10.13789/j.cnki.wwe1964.2021.S1.032
http://dx.doi.org/10.19853/j.zgjsps.1000-4602.2021.09.011
http://dx.doi.org/10.1016/j.biortech.2019.02.119
http://dx.doi.org/10.13227/j.hjkx.201807093
http://dx.doi.org/10.13227/j.hjkx.202012261
http://dx.doi.org/10.13671/j.hjkxxb.2021.0188
http://dx.doi.org/10.13205/j.hjgc.202105006
http://dx.doi.org/10.12030/j.cjee.201712110
http://dx.doi.org/10.3969/j.issn.1671-3206.2020.06.029
http://dx.doi.org/10.1016/j.jbiosc.2017.11.007
http://dx.doi.org/10.1007/s00449-019-02190-x
http://dx.doi.org/10.1016/j.cej.2018.04.200
http://dx.doi.org/10.11918/j.issn.03676234.201801014
http://dx.doi.org/10.1016/j.watres.2010.06.071
http://dx.doi.org/10.1016/j.watres.2021.117540
http://dx.doi.org/10.3969/j.issn.1002-5464.2018.02.001
http://dx.doi.org/10.12030/j.cjee.202011119
http://dx.doi.org/10.3969/j.issn.1671-3206.2021.06.033
http://dx.doi.org/10.13789/j.cnki.wwe1964.2021.S1.032
http://dx.doi.org/10.19853/j.zgjsps.1000-4602.2021.09.011
http://dx.doi.org/10.1016/j.biortech.2019.02.119
http://dx.doi.org/10.13227/j.hjkx.201807093
http://dx.doi.org/10.13227/j.hjkx.202012261
http://dx.doi.org/10.13671/j.hjkxxb.2021.0188
http://dx.doi.org/10.13205/j.hjgc.202105006
http://dx.doi.org/10.12030/j.cjee.202011119
http://dx.doi.org/10.3969/j.issn.1671-3206.2021.06.033
http://dx.doi.org/10.13789/j.cnki.wwe1964.2021.S1.032
http://dx.doi.org/10.19853/j.zgjsps.1000-4602.2021.09.011
http://dx.doi.org/10.1016/j.biortech.2019.02.119
http://dx.doi.org/10.13227/j.hjkx.201807093
http://dx.doi.org/10.13227/j.hjkx.202012261
http://dx.doi.org/10.13671/j.hjkxxb.2021.0188
http://dx.doi.org/10.13205/j.hjgc.202105006
http://dx.doi.org/10.12030/j.cjee.201712110
http://dx.doi.org/10.3969/j.issn.1671-3206.2020.06.029
http://dx.doi.org/10.1016/j.jbiosc.2017.11.007
http://dx.doi.org/10.1007/s00449-019-02190-x
http://dx.doi.org/10.1016/j.cej.2018.04.200
http://dx.doi.org/10.11918/j.issn.03676234.201801014
http://dx.doi.org/10.1016/j.watres.2010.06.071
http://dx.doi.org/10.1016/j.watres.2021.117540
http://dx.doi.org/10.3969/j.issn.1002-5464.2018.02.001
http://dx.doi.org/10.12030/j.cjee.201712110
http://dx.doi.org/10.3969/j.issn.1671-3206.2020.06.029
http://dx.doi.org/10.1016/j.jbiosc.2017.11.007
http://dx.doi.org/10.1007/s00449-019-02190-x
http://dx.doi.org/10.1016/j.cej.2018.04.200
http://dx.doi.org/10.11918/j.issn.03676234.201801014
http://dx.doi.org/10.1016/j.watres.2010.06.071
http://dx.doi.org/10.1016/j.watres.2021.117540
http://dx.doi.org/10.3969/j.issn.1002-5464.2018.02.001

%8 RITEEAE . ARC/NBEASR BT KR i oz TR RE M e E s Al 2719

The efficiency and microbial community change of urban sewage plant with
low C/N influent based on low DO strategy
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Abstract Low C/N influent wastewater plants usually need additional carbon source to ensure nitrogen and
phosphorus removal efficiency, leading to the high operation cost. In order to get rid of external carbon sources
for low C/N wastewater treatment and reduce operation cost, a comprehensive efficiency study was carried out
in an urban wastewater treatment plant with A*O process in Shandong Province based on low DO regulation
strategy. The results showed that under the long-term low DO operation strategy, when the wastewater plant
gradually stopped additional carbon sources and decreased the reflux ratio of nitrification liquid from 370% to
90%, TN average removal rate increased from 76.3% to 82.9%, and phosphorus removal effect also increased.
The analysis of nitrogen balance in aerobic zone showed that the transformation of NH,-N in aerobic zone was
gradually dominated by partial nitrification and simultaneous denitrification under low DO condition. Microbial
metagomenomics results showed that under low DO condition, the abundance of NOB decreased from 0.15% to
0.06%, while the total abundance of PAOs and GAOs with denitrifying function increased from 2.06% to
3.57%. The significant improvement of nitrogen removal efficiency under long-term low DO and no external
carbon source was mainly due to the increased proportion of partial nitrification and simultaneous denitrification
in aerobic zone. Low DO had slight inhibitory effect on AOB, while inhibited NOB significantly, resulting in
NO, -N accumulation and ensuring TN removal efficiency. PAOs and GAOs used the internal carbon source
stored in the anaerobic stage for denitrification in the aerobic zone, which improved the denitrification
efficiency. The improvement of internal carbon source utilization rate promoted the growth of PAOs and raised
phosphorus removal efficiency. In addition, under the low DO operation strategy of the sewage plant, the
operating cost was saved and the wastewater treatment cost was reduced by 0.3 yuan per ton wastewater.

Keywords low dissolved oxygen; low carbon nitrogen ratio; carbon source; partial nitrification;

simultaneous denitrification
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