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Real-time Process Control of Denitrifying Phosphorus and Nitrogen Removal
Systems with NO; and NO, as Electron Acceptors
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(1.Department of Environmental Science, Northeast Forestry University> Harbin 150040, China; 2. State Key Laboratory of Urban Water
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Abstract: The simultaneous phosphorus and nitrogen removal using denitrifying phosphate-accumulating organisms with NO; and NO, as
electron acceptors was investigated in an anaerobic/anoxic process. The results showed that the concentrations of COD, PO} and electron
acceptors (NO; and NO, ) have a correlation with the variation of pH and ORP during anaerobic/anoxic process. In anaerobic phases the
occurrence of pH flat indicates the end of phosphorus release. In anoxic process; an inflexion was observed in ORP profile when the phosphorus
uptake was finished. In addition, the phosphorus uptake rate was investigated in the process with different electron acceptors ( NO; and
NO, ). The average anoxic phosphate uptake rate was 32.68 mg/CL*h) in the early 30 min during anoxic phase when NO; was as electron
acceptors and every 1 mg PO, -P uptake would consume 1.14 mg NO; -N. In the process with NO; as electron acceptor; the average anoxic
phosphate uptake rate was 17.66 mg/(L*h) in the early 30 min, and every 1 mg PO} -P uptake would consume 1.57 mg NO, -N. In
conclusions ORP and pH can be used as control parameters for simultaneous phosphorus and nitrogen removal in an anaerobic/anoxic process,
and the system with NO; as electron acceptor is superior to the system with NO, as electron acceptor.

Key words: NO; ; NO, ; denitrifying phosphorus removal; real-time control; ORP; pH

S RH A 08 A2 45 M D I A A 2R W 181 C denitrifying
phosphate-accumulating organisms, DNPAOs ) 7E Sk 45
BENEANO; AR L7 e AR SR 2D 1 R A A AN
IR L B . 1 20 HHEAE 90 4FAR Kuba %5 9 V4R
HHY SRS B A (1 MR 22 LA K [ P9 b 2 3 B A Ak
BRBEIFR T — RGBT A AR BE L2
L BRAK R R BRI AE R AR B BL PHB B X il A7
K, FEBRAE BORE BR WA S/E D, G B —
F7HH I RS BRI 4 T AL 4 T 20 I fild
PR (R, 38E G 1 S A A 11 A SR Tt 1T 22 18] (1 5
G, (RN 48 T A G SR W (A g A, T
YT HEAS SR IR B 5 RS T Py A A 3l R A
FUUESE NO; A LA D S Aifd A I o el 2 1 P 7 32

RPN Ak 2 T AR L T, A5 R R A A R
NO, 1EJ9 HL 1 SR SR AL B i 4 o b5 it — 20
/D 5 Rl 11 FE A

HI TV KB b PR Gt — MR 2R B &
A AL [ g i) 422 ), AR X SR A BELAEL AR A0 B
RO DR, B A S I 9 R A L ) ke D
HI R (R AL P AR 35 T A6 IR R WE5TT5 K Ak
S 22 1 SR I A S I 42 1 £ 5 [ L R AT H

Y5 H HA: 2008-04-24; 1£3T H H5 : 2008-05-28

EETH:2EME S MR XEHEETHINRELSETH
(2005044); B FBFr LA F5 A A KI5 H (NCET-05-
03300

TEZ BN : i K3C(1967 ~ O, U, 18, #09%, = BERF5C 7 ) K9 K V5 B
Pt BRI H AR E-mail: dawengao @ gmail . com



1074 7N 53

A IR 7K A B Ak BHRD A A 2 A BE A AT LY 1) Rl
TN, IEAERIE ST 5 TR (0 5 J AN R s e e v
TR By Kb B S I 7 S BI85k SR FH R 48 o 2 2K
>4 DO-ORP Al pH' -0 ZELL NO; FI NO, AL 752
PRI A A B Bl o 72w ol 140 I A RIORE e 20 S E IR
ARSI TR R AR DRI, SI2 I I 0T s I 1 gk
AT 2y Y WA UL 22 SR 4, 16 148 HI R4
AR /B T 20, RAE T pH A SR AR AT SR () AN [F]
IBATHY B AR RS L 9K 25 % SBR T2 R
PR B RE PEREAT T WF9C  (H 2, HATXT SBR IR/t
AT CURE IR SR A AF R 3R 4 Ay v 1 B2 AA (1) S I
RIS, [ N A i WARE

AT H 275 %2 ORP A pH 1E 4 KA R
Tl ot 2 s I s il S 5 i vl AT 1, IR LR A TR i 52
R(NO; HTNO, O il R4 i s i S (7], DL Je AR Sl AR
W A T B3, 2 it FL 52 A7 A Bl 1) 5 D7 T 1) 2% g, LA
WA ROHA R B 12 ARSI B S B AR B R A AR

1 MR57%E

1.1 REE 5%

KH SBR SN AR AT IS, SOV A% 5 60 ems L
1225 em, HACER 12 L, WK 1 s RAAFIGAE BY
BCR H ra gl pE 25 04T Bk . 52898 H K 9 N T C )
BEFL AR 15 V5 7K, V5 K B ik 1 s kg v s
PEFEAT Y Ve A8 SN I B DR R IR A A D 4
PR JETE 25°C = 1°C RIS AT W IR, V5 e s 4%
HILE 15 d, MLSS TRFFAE3 000 mge L' 247 .

F1 KA /mg !

Table 1 Influent concentrations and characteristics/mg® L~

K By WIE HEK By WIE
5 B 200 FeCl; *6H, 0 1.5
NH,Cl 10 H;BO;3 0.15
KH, PO, 9.5 CuS0, *5H,0 0.03
KI 0.18 EDTA 10
MnCl, *4H, 0 0.12 ZnS0, *7H, 0 0.12
CoCl, *6H, 0 0.15

1.2 kW7

COD R FH 0 2 T i s Oy~ R HAH B Pt oy
JEICREVE s NOy K B & Bl ik NO, SR N-(1-28%
FO- & Eh R R 4y Y6 6 FE I MLSS FH B 4URK i
5 ORP K H H-211 S0 38 Ji v A7 A3 A 26 M s pH
KH EA-940 T2 R vl 5

2 ZFR5WE

2.1 AR A AR B R IR YA

R & 30 &
@ ORP{Y
I pHil
SBR K 7% D
. D
e~
=S
HEk L — R
—
\ / Tl T
—T

1| RE%EFRE
Fig.1 Schematic of experimental system

SIS H R PR B A WA SRV SC B TS K AR BE )T 3T
M, K SBR W 4 75 R A8/ 432 4T 77 20 R
4 hy BRER 4.5 WO X OB Ak R Bl B AT RS SR ML L 1t
KR F B TR N, B R B ANHE K& 9 L. 3K
COD ¥RPEA 200 mge L™ A7, WRIRER IR LR EAE 9
~10 mge L™ B /K S 7Y pH {HAE 7.0~7.5 2
) REE G, 78 2 AN I N4 A 23 0 B0 Noy i
NO, » BREIZAT 4.5 h, SRJEUTIE, FFK . 23849 100 d
X NO; HTNO, B by HL 32 A4 1 s i 14 5 Tl T 11 35
FEAE BT, 2 AN SN A% N B3R A5 A 1 S A Ak
BREERCR .

LA NO; AR HL 132 AN, 55 7R A o e o ol
I B 2 Fr o . i K B B 8 ~ 10 mge L™
I, SN2 N2 I ah DRSS BB &t b 00 90 R 97 I
IAZE] 1 mge L7 "B 25.27 mge L' s 1M 71 6k
SRS R S, BERR R MR D 2 T 5.94 mge L,
R RGBA RUF BRI B8R 78 NOo; 1R
LT B2 AT B N 2 Y CIEL 3D, TR 0k 9k 32 A vl 9 Ak
W < 1 mgeL™" 38 0 2 R 545 R I 1 16.45
mge L', TR 6 T B2 A1 ol A0 Il S5 2 45 RIS Oy 585
mg* L',

M 2 FE 3 0] BUE S V5 e 940 5 3, NOy
1R HL 52 R I ) 2R 0 DR AR RS 8 5 B 8 T NO,
VR HL T SE AR B ol 2R 48 5 il S0 i B, 2 A IR
A5 A IR 543 00 19.33 mge L' A1 10.6 mg* L',
W 53 TN 76.49% il 64.44% AL Z . NO;
A Ky v 52 AR (R 0 WO i 224 T No, A b iy
AR GRS RS



4 # RKCEE:NO; FNO; BN A7 32 A B 11 s i A e e 2 ) 42 71 1075

Bl 5 RESR

20 DP&
15 &bwyw
ot

PO,/ -P/mg.L™!

»P
10 %E?;-"AF T e W e, S
R %%&XO%
%%%m«)&)m
5 . ' ' I :

0 20 40 60 80 100
t/d

2 NO;j 1B RFFREERE 2 BB AL S IRk
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