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Pre-denitrification Process Control of Nitrogen Removal Using On-line Sensors
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Abstract In order to control pre-denitrification process, variation rules of DO, ORP and pH in the process of nitrification and
denitrification were systematically studied. Feasibility of controlling nitrification and denitrification in pre-denitrified plants u-
sing DO, pH and ORP sensors was also investigated. Resulis showed that the variation of pH in anoxic zones could be classi-
fied into " descending type” and "rising type" , which indicated if the denitrification extent and nitrate recirculation flow were
sufficient. The ORP value and nitrate concentration at the end of anoxic zone also had good correlation. The DO concentration
in the first aerobic zone could indicate the influent ammonia load. The variation of pH in aerobic zones could also be classified
into " descending type" and " rising type" , well indicating the extent of nitrification, aeration and alkalinity were sufficient.
The experimental results also showed a good correlation of ORP values in the last aerobic zone with effluent ammonia and nitrate
concentrations. An on-line system to make an integrated use of these signals for on-line control of aeration, nitrate recirculation
flow and external carbon dosage was presenied and demonsirated with promising resulis. Fig7, Tab 1, Ref 8
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=, Hoban 2 MEEEEETT, B 5 MR EFEET, BMEE
IR 7 L PR AR R, Y 20 LR K E N
150 L d~" JELAF 1 B Z1iR #5517 20 ~21 °C, SRT % 12 ~
15 d, MLSS 2 400 ~2 700 mg L™", 7k pH #5457 6.5 ~7.5
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Fig. 1 Schematic diagram of A/O process
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Table 1 Experimental wastewater characteristics
and synthetic compound
b i3
giﬁi} B Do_s?ge 25 Conjfntration
compound (/g L™) Parameter (p/gL™")
VEH; Starch 0.3~0.6 BOD 112 ~250
NH,Cl 0.1~0.25 COD 200 ~450
KH, PO, 0.033 S8 60 ~150
NaHCO, 0.33 ~0.50 NH; -N 30 ~75
MgSO, - 7TH,0 0.09 PO; -P 10
CaCl, - 2H,0 0.03 W Alkalinity 300 ~ 450

W BT A5 Ve T 5L e A W B R Y5 K AL BB LR HE
TR I, 18 R GERR 1B 1T B T IR BURE , ARy 858 17 i
[E 3 B 4.

1.3 ®BASHIE

WK H COD, NH;-N, NO; -N, NO, -N, PO, -P, pH, %
BARE . DO, ORP, MLSS iyl 5 R i | G 34 Jo thl 1 i (/K A
BEAK MW o0 0 1 ) SRR D KR 223 BB R M. DO
SERFA WIW-300i ¥ 4E7E 44X, pH 1 ORP 3R § HANNA 72
AL

2 HRMIR
2.1 BEXHERE ORP EMMBARENXR
HEFEHE7K COD Y2y 350 mg L™ /K AR E H 60 mg
L™ JF4UX DO WeBERHITE 2 ~3 mg L' B WER EI &,
BRSE T G AR i ORP R0 A B Ak B 2 1A A9 6 3% S0P 2
FI41, ORP EAIMERAN BEEA RATHIR M EA G R
BOR Bk 0.91. BB P BB AR K B 4 COD ¥R B B
W, R BOAIEAT A A, AT LUK B4 IR SR 3 ORP B A

BRAVE BA R ARG M. BEE PG 2R [ 3 B 193, S
X 5% J5 A8 Z ) ORP {ELFNN FR ALk BEHR LU IE SR ¢ R 3, [
ZARSR. BT AR AT ORP B R /INE A8 7R R 48 DX il R ALK
B AR B, B R MRARER TR K%
AT Lk S X R 4R ORP By - 90 mV i AT LASK BLAH BR A HY
RARER, 758 5F FBEK T B A PLBRIREEAT S L, B e T
EAZET ORP St fE % U4 26 [ g B s AT 8l , LAZEfe gk
H XK %iH ORP {EALT -90 mV.
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Fig.2 Correlation between ORP and nitrate concentration
at the end of anoxic zone

2.2 BRERX pH B

BRI, A HE KK R BT &M, RET T pH
ETEBVE X A (LA, SRS A X pH B R b 30 PR L
UG, TR MR BRI NBERERBER TR,
WX DO e RRFTE 2 ~3 mg L™, HEK B R WE N 60 mg
L7 R & IR bR R 778k

B 3-a k7K COD Jy 380 mg L', S B 38 AR EE AL
PEBR RV BE A pH AL 0. T kK COD W ¥4, SR
X AR R AR AR, BRI 1 IS RS BR LYK E 0 0. 89 mg
L R 2 R AERA N 0 mg L' BEIX 2 # % #0 pH
EETHER 1 REH pH . TERREK 2 R ELAF™E
HIRERTES , 1 Tk R BEAE F S:2k pH (B FEMR. pH E 21k
IR R TREEIME” , 8 T SR G4k , B bo pa{E 37
E 78 & 3-b £k COD X 230 mg L™, A 2§18 E &
R FHBRER BRI pH B AL IE B, B FaErk COD MR Bt
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RIS RAX | B ERHREKE R 4.68 mg L',
BREX 2 ERHBRA N 2.50 mg L. BEE RS LB BEAT,
pH {H b7t X Fh pH BRI E A LA RHR”. & H

35 7.7
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% NiSeHs = Reactor zones

173 %

BARRAHRARTRAR, HARERRARTMAET. N
TR EI AL ), 107 LA 48 55 B SR S 9 I AR ORP f
iy 3, pH EFESRE X R BIE B

35 7.7
—,:30 . —-NH, N ——NO;N ——pH {76
on
E25 {175
S>20 7.4
p B
Qo | i
S 15 7.3
Z
o 10} 172
Z s 171

0 o— 7

Al A2 01 02 03 04 05
R WBEKKEE Reactor zones

B3 BRI pH BB (a) TREEI(D) EAE
Fig.3 Typical profiles of pH in anoxic zones, (a) descending type and (b) rising type

2.3 HERX1EEDORESHAEAKEHRR
BEFAXSE | ERIEHEEARLE0.08 m* b)),
7k COD ¥ 200 ~300 mg L™, BUEHK A, IX T &
X5 1 #% DO #BE(DO,) AL MUAE. I 4 BiR , R Btk
SRR, 4758 X DO B #i K, RINEAF R B
Kb N ARG KA B S R X i e 1NN, fEE
HAg R, DA DO ¥ B A/ R B K BR A &R, A
TN AR TR ERNBRSE, RS AR AN RENT
. LIR R RGEER, R H K ERIRE, B R
A9 H Y. DO, AT LAY IR B R AT Bz AR & Rk CoD
AT e, g AL DO, IR, By THI B R AL T2 5H1E,
KERIT 5 T A4 YA i) COD FEBRE X B 5%, 57 LIXS DO, )
AR T ERAFE/D. TR R FEER AT 5L DO A iR
SEHMRTTHERIFE.
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Fig.4 Relation between DO concentration in the first aerobic zone

and influent ammonia

2.4 WEX pH EHZ

BT, REA T pH BT A X MR, IR E
I, AKX pH 27T IR IF S /R REMAL AR BE LA R ia 157
RERR, WAL T Z BT 7Kk COD ¥EEH 300 mg
L7 SRR DO WRER 2 ~3 mg L. FHESMT pH EEFEAKX
AL, I 5-a RERIRE SR EREHEL.

B 5-b B M HEK ERIRES T 53 mg L8, pH EAIFH
K3 1 MERFAXN 4 ME—EME, M5 pH E L7 Fik
XBEFERX 4 HELE pH HlL L HAERE A7, KT
A HABRE MR Y M 5ERBEEA ST, X 7] B 5-a F5F
AX 4 EZRIEEN 0 UEH. KRS B pH LR
NEFR” EFRIMLR” , KPRz AT P REHE KK B B 1T R A
A, “ REA R BRA G B RUR iF EAE S, 7T LU A
EE-FERE, WU BRI R G 52 B i (R
BOANBRBRHERE A TLET R, N RBRSE,
HERA SRR L IS E AR E.

Bl 5-b i HHEKEERE ST 75 mg L7'B, pH EMIFE
X3 1 i E R A X RERE—ERE, 78 pH & L 8A 13
F—MER PRI ERAR A, XTRAREHABRA T
B, T B P 5-a AR Y E K SRR RN 10 mg LY RIER. %
pH HIZRAE SOV X “ T IERL pH ihi4R” 0 T 5 R ML
R BEMESE. LhafT P ZRAF AKX pH AT HEE
# BT, RSP X ) pH EEA I TR LT
AR (HRATR" M7 ) , T B EFHE TR (R 07 5D,
B—E TR, #F “ TR pH #IZR”. 540, RIIRFEX
pH {6 T IR ERA, KRR TR K BRI R T
PSRBT R s ISR AP X pH T MeiE BEARAR, Btk
FRWERT, W BB R AR MILERER 2, WL T BB
il , anep8E ok COD AFATRRm R RIS RSB,

B 5-b H UK ERIRES T 30 mg L6, pH ST &
X% 1 BEANFEAXRERE - EAS, % pH R L OBHA
HILERA R R IE BUx B AR K SRR EARMK, a0 5-
a EFAR 2B ERCEAT WM. FRTH—FIFEL, W
R RIER, BT ATE MR EBA M RA R, IR E SR
AW RGEROAGELT, R FERR S, A2 7 8. X F
B0 B E) pH B R AT FR N« LRIt

EHTU EER, TAMEFEKX pH Mgk I AL L7t
RUhek” M TIERIML” , “ b B4 R AL R L 58 AL,
N T THA, THE SRR T R R R
RBIARSERR, 9T R AL 80, 38 fn R <, (A 455 3 i i
IRIRBEEER T R TSI
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Fig.5 pH profiles in aerobic zones (a: ammonia concentration; b: pH along the reactor)

2.5 HEREEHKER . HEREAN ORP HHXR
Y5 iF W XK DO BN 1.5 mg L' HEHABKE

DO WREHHILE2 ~3 mg L, REMBFI AR TS KERKE,

HEXBE#ZE ORP JllE E M H KA R B AR E Z [ #Y

KE.

a TN

oNH,”N  ONO,-N

y F0.0017x2 - 0.2751x + 10.569

y =6.3085¢e00164
R2=0.8068

Effluent conc. of aerobic zone

WFEX HKKRE (pimg LY
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Fig.6 Relation of ORP value with ammonia and nitrate concentrations

in the last aerobic zone

Bl 6 41, ORP {8 R i 4 X A o 2 AUVR B I TR 3 K
BiF S X HKEEKE/NT 4 mg L' B, ORP f— B T 40
mV,7£ ORP {EE ML, ORP EX MR ZARENFM, 5
FEMR A R MEBST ;T E ORP {H4 = 1Y , ORP {5 Hi K
WRAMKEMLCERT, THERXRERR Yy =
6.3085e" 7% 4 ORP {i#83F 60 mV A, S BR BRI — R AT
15 mg L1 0 TR UE /K & AU B AU B SR sk 82 %, ORP
BLEERAE 7 40 ~ 60 mV , 7E 5 B 9 4 SR % A (IR B ORP
BOEAE, K S EHR B 5, A R I8 Ak SR BT 7 O BR S BE
FE; AN SR ) ORP BEE, TUEMME ZWER, F B
THAZE, BFEEEZHNES, BHIE 50 mV v DISZHHEL
MR E R R4 s 28 LR, T L R i S X B R R E /)
ORP {H A] DA} Bedi s R H KB BR AR B R R AR LBCER I
IR, WAL AT ORP {58 {8 W R/ R G0 A BEARCR, , ST 5K
ARG RACEE R
2.6 DO, pH 1 ORP ZTEML R R TH MBS

HKERHAGEX, b FREEIBERESERENT
2, 5L pH R SR TER, A TES R B A R S

RN, TR ZE/ER pH EEREMR. B, v LI R, Bt
HX pH 18 B 28 i A8 AL AL B T R B Ak 5 IR A0 7K A A B B
FEEIER SR
EKREHFAFER , B FHEFEEERE KRS DO K
BRI, KA, > T CO, MR R, ¥5 i pH EHIF
FE R ) B AR 2B VIR AL R B SR A 5
BT IRA T CO R H B FIREARTERN, BRI E 3
ARERE, HTREERR/MIBEEX, SEBIKKER
CO, , f#13E A W P iy HCO,_/CO, Wy LLFls K, i pH H¥
i b Tt AL R R R TR FE A B AR L B N AR HY B
TIRE RN ERRERE, Bt pH ERELEEEZ
B K EEREE W, MEBKEAER, MK pH ET #
EERA RZ, R AKE A, AR pH {H T MR E B
N FKRMERBRERE RS LS MBS HEMNZE PEE
J1, ATiEZ 0 pH BAEALIREE I R BB E AR, AR
[E TR EBRASE RS, #15 oH (T RBEAMAEE A
KETE RSN, 200 A AL R B SRR AR s R, ISR E AR ER
BES R, B ABERHEFEN pH EHEEE/N. FEX pH g
LA R B R AL R I AR SR AL R E 85 R g
SWRERAVER 53 pH (& - AKX FRL R B3 pH {H T MER1ER
AtHR 4 pH {EFRIN EF , MR EIN TR
WIRGEHT R R, i S X K ORP (EZIRE . pH
{8, DO ¥ & FIRHER ER B R0,
E=E, + f—FTln [—[R%]]— (1)
KR, E-RRNELRTRIERNL, mV; E, - iREEAEIR
AL, mVs R-SEEH; T-403EE, K; F-BhsEi;
n-ZMENMEFH I TREREEHAEZRBLT . EL
AKX, pHESE D | 541, ORP K 59
mV 24, B4E pH HRENE R, BRFER&H=E pH R4
AL HRAATMEE pH EHZIEERN( <0.05), Fith
FEREREWZR pH {E3 kXt ORP My Ak, Fr 2k DO
WEMMREKERFERXR/GHZE ORP (HI FEH W E
£ NRAFGEXBE#HE DO WREEE, o LA3K/E ORP
W 32 MK REBR B M BB T, AT AT DL ORP (&SR 37
TR KRR LB B, B AN E R — M X /Y DO I
B, B A SLE X K DO &, TR A Xt AL 2.
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3 HTE R LAY RS R
EX50

HIREEE R T, DO, ORP Al pH 7E& M E 15 5 7 LAE
NETE R T 2RI BER S8 N T SR R AL R 5L
WA ER T 2T &0, B8 HAOK B, B3 TR
R RGAERAG(ET). REMBESIFEUTIL
MREEE: (1) FRKEE | BENBEIRTEREE (&5

FEHPHEN0.08 m’ h 1) (2) FERXREHE DO REREE
(AR PHELSmg L) 5 (3) HFEXEEHER ORP &
EMETEEN 40 ~60 mV; (4) BEXREHEENRN ORP ik
SE{E% -90 mV. (5) DO. pH #1 ORP {H#E LM% , 48 30 min
STERE S B— B E  NER BB MSMR IR 8
F—K, BAPITIREHRER G BERRENREE. FER
A R, AR IRl B vt 17 £ ORP (8 5 BR8] L5 36 RGE i
AR, REM ST — 2B,

[ DO, pHAIORPZES: T fE B (HESE R AT FUR pHEl £/ R PR A FUX A IRORP/ 17 UK pHE A/ 17 FUX DORE S /DOY]D J
DO, pH and ORP on-line information (pH profile in aerobic and anoxic zones, ORP, difference of pH, DO in aerobic zones and DO1)
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Bk SN
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TEBEELE-90 mV
?ﬁﬁ]ﬁﬁﬁ%ﬁ # At set-point
Keep the condition

B man
Na2C03NaHCO3
increase alkalinity
substance,Na2CO3,
NaHCOs3
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Ve g
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Fig.7 On-line control system for pre-denitrification process of nitrogen removal using DO, pH and ORP

REH /LN E DO, pH 1 ORP 5 2, BHEBRE X M
S UX pH ERHZR, B4 X A4 X K % ORP {8, i & X DO
WRE LUK X pH ZHEMFAKX 1 % DO. F otk pH
18, 2§ pH /T 6 B SCMBR A BT ; T X4 pH KT 9 R BINAR
HEYIBT, AR KRR P AEE .

BEJG i iF X pH &R RIS X pH fh 2262, 4F

XA XK pH MR KA TR BRI HET. BARER
X pH MZRAH, ISR T T MR, R A B XA R RUIR BE
AT R EIRAE A C 52 R AL, B3R = B3R E &, R
JR4kgEST pH iR EH], B2 pH i RKAR N EFHAL R
pH MIRAH Sy A, R E X A b ORP BB HE T T
RICBCEME - 90 mV, GRLLT - 90 mV, 5 B R G0 SAH AL R BL
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BITEERRAET , SR LR IEF RN E A L. IR ORP
RIERR B L, RN TEI B R EH ) ORP B LR EHE
HE457E —90 mV.

RIGATIFE X pH iR 258, R 2 E AR 4R, £
ALK E SR, I TR KE1TH A, BEREBRIEM
AKX DO M. RIEFAITIFEX pH &R R, HEIFEX
pH IR LR RNIF AN TR SR FEX KGR ER
ORP {8, /T E £ E/PFiREH LRE 60 mV, IR/ NF R
18, AR G B ACOK R RB AT RS BT, e F Y RT BT REAR
A5, AR ORP {H K F 1 FRE 60 mV, 13 B s /K B 8% LV R 8¢
L RE AT E X Y ORP HE T4 THRMBEM - 90 mV,
WRFA TR EEM I, AT REFRRE, AR LT
Bl B (M ; a0 R B4 X A %% ORP (AL T B AR @ HAL,
HEXB/EHEER ORP (R AT LIRME 60 mV, Y #K
RIEA R, M SMNERRIR , HBIFE R AN ORP $2& /N F i
K RE{E 60 mV. ,

WRIFE X K pH MR8 T F MR, L8H R R LI
A5ER, T ST R GRS SR AT R B RS AL R 8 2 R
H. B riFE X 7k ORP {8, {n 5t ORP {H K T H FIRME
60 mV,— J5 T 1t B 8 4% A4 il A K5 3T 58 A, 23 — T U B e 7K
AR E R, M T R LH—AEE N
FEFF B30 &, QSR AR P E S B R B S TR, AR, R | R
G5 R FHALRCR

WEIFEX K ORP {H/NFH T FRIE 40 mV, B R4
B RCR B , IR R B e iF R X i DO W,
W DO WERMK, 9 DO ER R EM UM R ER LA
£, EE AR DO WE; R DO WFE L ¥ H , Wi
DO IREAEMAZHEERER. REAMITERE 1 BEN
DO Y& & (DO ) , AN SR DO 4 {5 1 BH 2 7K £ 477 38 o, e ep ] 2
HAMFB COD A, 81 SN 28 MLSS ¥k i, BE AR 3 K 5
7. QN5 DO AR, kL /A7 47 X 1 pH AR IS B (st R 37
AR A E I pH B2E(H) , Gk pH TREMGEEEIR, HIEE
AR SKEE AR R, 58 pH TREDREEE, “EMWH T
TSR R TR, BT A R Bt 5. 2% pH T FRIEEEA K,
SRIG ST RN AR B ATIR B, A0 SR 1R B AR, 6 WA TR 1) T
AR R B IEF HE1 T, SR G RH AL BUR AR 2, I MR TS TR HR
B MR R G IS IR A AT S K A, R R ALBOR. IR
B A, RS2 T A AR BUR/D, QSR AF A AR BT, I
ViRHZ 5 R0 RN A RE AL B R AN R, R R AT R X AR
RIS RH B (BT R TR ) SRR K C/N b (44
AL RTINS MRFEARER AL, MREET
Rerb 3, AL B A0 AR KA 1, JUI R 43 BT HE K B A AR R
V8, #hFEFT RS TR SR KT, R A A, FHES
IKG ALV ES

BT FAELREH RS I D BE L L MHARCR. 5B

AR Y4 X AR NG K ORP {EALTF 50 ~60 mV Z [ 7] LA4ERE
METBITRE. A PR EERIEH RE B EH B K L FrE
TSRS TR B AL T2 /M PR B B 73
FOHFREHENREL R, Tie NEE B A K B4R R4
R b, ARTABTHRAL HIETRRAELERHNREEZ
RTRIBFTRCR.

4 4

BB, AR KR AT LU A DO, ORP il pH 7E£kf%
TRASE BT B AL T2 AN A0 SR AL B 3 BB R 28K, 1
RRGUT L.

pH MR TE 44 X AR X B A6 53 0 T RERLA b T B
b, BT LARE S R GEAN AL AL SURE HEA T B B LA R RGBT R
SREMM. SRE X R ORP (EMMHRR KT R A BTN
MM, IR TR ER 1 O B 4 9 0 S 3, R RAR B B e
2 -90 mV. $F4R X B f5 4% B9 ORP {EH1 i AOK B BA B AP
M, T LGB R RS R ASMKIR BN & , 425y ORP {H7E
40 ~ 60 mV Z IR, ARG B AF B9 AOKIE. SR XS 1 =
(¥ DO 7 HE T LARE R BEK 4 B A2 4k, 5 SC RS B AT IR 4
. T LIRAERS B T AL SR AL I L 7 SR P 1) R4
BB ZRGRLIAER S B AKRWATR T WA R 2
Freg I EH A
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