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Abstract: To precisely control the denitrification process such that NO; —N is reduced solely to NO, N without further reduction to
N,, short-term aeration was implemented to enhance the nitrate-to-nitrite transformation ratio (NTR) of denitrifying
phosphorus-accumulating organisms (DPAOs). The results demonstrated that after aeration intensification, phosphorus removal
efficiency in the reactor improved (from 84.62% to 88.34%). When aeration durations were set at 5, 10, and 15minutes, the NTR
values reached 36.09%, 89.14%, and 91.86%, respectively. However, extending aeration to 20minutes resulted in elevated effluent
nitrate concentrations (10.11mg/L). As aeration duration increased, the content of pre-anoxic electron donors (PHBs) gradually
diminished, which was identified as the primary reason for nitrite accumulation. Furthermore, aeration induced an increase in the
relative abundance of DPAOs while decreasing that of endogenous denitrifying glycogen-accumulating organisms (DGAOs). Based
on the outcomes of the partial denitrification coupled with phosphorus removal (PDPR) process, the feasibility of implementing the
N-PDPR-Anammox process in practical engineering applications was discussed.
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Table 1  Synthetic wastewater quality

COD NH4+—N NO, -N NO; -N P043 -P H
p L

(mgl)  (mgl)  (mgl)  (mgl)  (mglL)
240~260 51~56 0~1 0~1 8~10 7.5~8.0

1.2 SEREE S RNV AIEIT I

ARSI R N A E S is AT A 1 R
B A8, A RCERUA 6L, 43 Ak s N 4 5
DPR [ N 25 A4 N 35 A A/O I24T, 49 DPR J= )WV 4%
FEHENO; -N, A 2Bk B S kK ) P 5 COD, /K
FEA BRI K IERE B3I NHy N 3R B £3 H/K
NO; -N 1 F & i 5] 95~105mgN/L, 71 A 5256 v [ W
BIBAT RN RE R, KK T sh /N S A L
AT S DPRJ W35 4 ASHIFFE IR 3 ZERF 0N G A
PUATE V5 K S b N IEAT DRAR S 0, B i 3 A 4K
I 5 HH 7K TEA T A R N

RGN

STl bh PEAH  puppreme KL
(b)IZ TR
[T B4
RUAEAL R 2 NN
R [l B M
R2:DPRS 5 NO;N

1 ST REAURE
Fig.1 Schematic diagram of the reactor operation mode
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Table 2 The operating parameters of DPR reactor in each

stage
Fr B K (d) IEATHL I 7] (min)
K= 1~20 A/O 120/240
BBt 11 21~30 A/A 120/240
BB 11 31~40 A/A 120/240
IV(5min) 41~55 A/(O)/A 120/5/235
IV(10min 56~70 A/(O)/A 120/10/230
gy v omin) ©)
IV(15min) 70~85 A/(O)/A 120/15/225
IV(20min) 86~100 A/(O)/A 120/20/220

1.3 S Hr I H S vk

NH,;-N,NO, -N,NO; -N,COD,MLSS,MLVSS
A SVI 4535 % T FRE 7 b4 T 90 52 P4 A ) WTW-
Multi3430 {5 5K 2 250 e (O #HR 4 (DO) Al
pH {EREAT I 5E M AM A I (EPS)R HH 3 1R (1) #u g
7 V4B, 2 B (PS) K H Lowry 7 &, 25 15 (PN)
SR Y 8T B P 2 00 2 1 DL (Gl ) 00 2 SR FH 4% b
S 6V y5 Y8 b U (PHBs) 75 2 10
KM RRE(GC 310
1.4 FAEY)

TR DPR Y 2 Ak AR P v I ()
A ALAE LI DPR Y45 1 0,20,40 1 80d ¥4 e
FERIEAT 16s—TRNA 230 #r A H] 3% DNA ik
& M5 Je P HREL DNAL A FH 1E 7 51 %1 (CCTAC-
GGGNGGCWGCAG) A % In] 51 1 (GACTACHVG-
GGTATCT AATCC)X AJZZIX V3~V4 X I EATH"
4,3t Sangon Biotech(H [ i) ¥ Illumina
MiSeq % 4i(Illumina Miseq2x300bp,USA )47 ]
¥4 #.
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4 i P9 B 5 4 A7 (Intra.COD),PAOs #1 GAOs
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M
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=—x100% 2
A% Intro.COD ’ @
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3 41 :ACODypay ANO3 4yg FITANO, 4y 5371124 COD,
NO; -N Hl NO, -N 71 R4 B 1424 #,mgCOD/L,
mgN/L;2.86 15 1.71 73 AR SRR AL L RE B B4
NO; -N HI NO, -N Jril#EH] COD Hj#,mgCOD/
mgN;PRA 4 PRAE BB W &, mgP/L;2 NI & R
HUNO; anot F1TNO2 anoz2 5 NO3 gnot FHNO3 ano2 735114
NO, ~N BB 55 NOy —N SRA BT AR
W JE mgN/L.

2 FER51E

2.1 KIS AT KA E RV 1) 25 5 AR
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W 2 s, 5 1B (1~20d),8 51t A/O #iiz
17 LU E SE R W 3 (PAOs). £E 20d [1IZ1TH,COD %Pk
KNI 78.76% LT+ 91.61%. [H I, PAOs 5K
S BRI PN R A S T A A, DY R TR
(Ppaos) N 1.12% 1= T+ 5 20.65%. b 4h, 76 IR 42 B
BEDPR J Mg B DR AEURS W IR FE AN 11.85mg/L 1
% 34.21mg/LIX—H4 N[ Bt T PAOs 78 R &AT
I RS TR kR S 7R L SRR B PAOs i i I
PR LA K TP MoK R R B, 5 80 I a8
TP [ LBRFEIM 24.53% R4 87.49%.1% K WIE I
B BOS Y E 5 T PAOs.

5 T Bi(21~30d)DPR [ W 4% K H A/A B iE
17, LAt — 20 5 42 DPAOs. 75 PR 45 I e NHAL I
I 28 HE K (A5 S W 2 NOs N K20 38mg/L.
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KA B A K NO, N A B bt 52
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T AIE 91.86%, H i K ) g AU 1A] 25 3 B0 /K A
i R R B T v X ER T AR BB P AR AN S P L
AT b 335 5 (1R M A TR A IR B s EAT 4> DPR IR
2.2 NIRRT ()R R R N B SR
A,

N T RSR[5 DPAOs
i B2 £h A B gm0 T2 40,55,70,85 Al
100d(Z3 7% W B~ 1) 24 0,5,10,15 AT 20min)
I i ML 7Y R N 8 IR I AR A L, IRl sk TN
I8 (PHBs) AUBE I (Gly ) £E S BE Y 4 i A2 4k, an 1 3
K 3 Frow.

(a) COD
—e—jlt/KCOD—=— K4 K COD—A—1f 4 A COD—w—I11/KCOD[/_JCOD %3

300 [ : - y —— . — T
I ¢ I D IV(Smin) TV(10min)| V(1 5min), IV(20min) | 16
| » | | [
& 2, - ] ] B w200 o
250 X}%! e o PP 3!!! e
- 80
200
g | 60 3
S0 60 3%
¥ R
a a
100 |- {403
i
50 —‘k\ﬂg
- 20
-
0 .
. ! 0
0 20 40 60 80 100
JZ AT [E)(d)
(b) TP
w0 —o— il K TP—=— R K TP—o—UF S AR TP—A—H /K TP~ JTP LR
T T T T T T T T T T
I : 11 : il : IV(Smin):I\f(IOminjI I\r"(lSmjn): IV (20min) 100
.| 1 1 1 1 1 I
| " il
N Whﬁﬁ i ™ #555%5
1 1
I -1 80
I
R P P I
I e
%‘u Kz vimin| I é
g vl ./;ﬁ | B 60;;@:
220 1 &
X K &
= il
= YT | & 3
15 40
I
- 1
5!5§5?!!%,,!%555555!55 NI RNCINY
I
! - 20
I
I
W
0 A e s 0
0 20 40 60 80 100
IZATIN ] (d)

©N
—&—t/KNH —=—H /KNH;—&— A HINO;—*—HH /KNO;—A—H /KNO; [~ INTR
60 7 110

T 1 0 1 I 1 IV(Sminy 11V {10minyt IV (15miny IV (20min)
) 1 1 | 1

IS
o

: |
g *% 470
= U ITHEL LA o0 €
® 1. E
2 ' u 50 ~
X 440
Il
| 30
A
Wl *ﬁ*: 20
0 I
I = 10
I
1

0
40 60 80 100
JZATIN ] (d)

2 DPR e KMaAT LLURCE TR 25 BRI fig
Fig.2 The long-term operation and nutrient removal

performance of the DPR reactor

FERES IS ) 9 Omin 1 (] 3(a)), NO; -N Al TP
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5 TCA MG, 55— 3 W T8 0 e A= a4 5 A A il
Ji A B A8 B ) TP A NH, N U B2 43 51 A 32.05
F139.93mg/L FP&% 25.68 Al 35.78mg/L( 3(b)),
X BE DPAOs {1 I 48 B SR B3 S5 RIS A T 11 A
A B B 3 B T AR B AR T 0 HL A
BN BT 2 AR (NOs —N) 1 77 2K gk 2, 5 8508 4
NO; -N KAETEAILJE A Ny, iy 4214 )5 NO, -N.JA
I BRI NO, -N BLERIA 17.16mg/L.

B ISR ZE K- %8 10 A1 15min(&] 3(c)FIA
3(d)),PHBs [HH#EE 2> 720 16.00 F1 24.90mg/gSS.
1 T 4 S0 B RE T B 2 I A i AR BEOXY
NO; -N 5 Kk — 29>, 73 NOy -N fEdh A B
KRBT AIE IR AR RN A] 2 10 A1 15min I, Hi 7K H
) NO, -N ¥ 5 53 315 %1 34.94 Al 38.04mg/L, NTR
43 h 84.12%F1 93.46%. 1 Le K 45 2% WH i i Bt < %
TR AU X IR HL A i RR S A S EL 4> DPRUUE
AR, 7K NO, -N 5 NH, N (I ELAE 2> 54 1.13 Al
1.48,5 Anammox FEIS{E(1.32)FH+1T, & B IL I
N5 iE A E A Anammox FRHT B A FE G, 8 HEHE At
HIY.

(a) Ominf5, (b) SminfE4,

= COD ® TP A NH,” v NO,

S ) ZE K 42 20min(&] 3(e)),PHBs 7E 4
AR B AE RPN A 32.00mg/gSS, i £
HKH NO; -N WRJZETHE A 10.18mg/L.IX 3 W, g
AU T S AR (PHBs ) i B2 3 4, Bk 48 B
B AR, BV SE AR IR NOy —NL 52 T %
B A 8CR AR, K TP MR S 4R 28 4E 7 AT 1.00mg/L
Fr A, 2 WY g ASCINT ) PR 38 0 0 2 {0 25 58 i I . 24 1)
B P e

#3 AFEBRSEHCHEBEAA PHBs 5 Gly B9 1FR
Table 3 The changes of PHBs and Gly in typical cycles with

different aeration durations

SH WRERD AN W (Xmin)PHBs 5 Gly fAZ L5
Omin Smin 10min 15Smin  20min
PHBs Omin 27.50 26.60 26.50 24.90 27.60
120min 53.00 56.80 54.60 55.10 53.90
(120+X)min  53.00 45.30 38.60 30.20 21.90
360min 14.00 14.00 14.00 14.00 14.00
Gly Omin 11220  118.60 117.50 11470  116.80
120min 91.44 97.73 96.32 94.19 92.30
(120+X)min  91.44 10693  112.08 119.68 125.30
360min 13555 13435 136.70  130.10  133.20
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Fig.3 The changes of nutrients in the typical period of different aeration time
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(A 5, B AR 3 K L - A 5 WL 32 AR 19 LA
(COD/NO; ~N) ] LA 42 1l W0 A 1R 6 B R AR 7T
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) 45 o, A BE 78 20 WK I 2B ) 43 b BE %2 EPS, B
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T 328 T AT AR T, 4 g U TR B 42 20min I AR
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B 0 e I LV R R M 2B EPS B ArEIX
—Mr B E

W 55 g I T 1) 4B K, PN/PS () ER A s AT B T
JuILSE TB-EPS 1224k 5 0 W (5. Zhang 202y F 5%
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