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Abstract: Profiles of oxidation reduction potential (ORP) and pH value were investigated during organic degradation,
nitrification and denitrification of advanced nitrogen removal in step-feed cyclic activated sludge technology (CAST)
with on-line control treating domestic wastewater, and the relationship among process parameters and variations of
organic substances and nitrogens during the treatment process was also established. The results show that based on the
characteristic points in pH and ORP profiles to halt aeration and stirring process timely, step-feed CAST with on-line
control system is found to perform more effectively so that advanced nitrogen removal is achieved and operation cost is
saved as much as possible. When COD and mass concentrations of NH; -N in the influent are 155.0-443.6 mg/L and
57.98-82.40 mg/L, COD and mass concentrations of NH; -N and TN in the effluent are less than 40, 0.5 and 2.0 mg/L,
respectively, as step-feed CAST with on-line control adopted. Moreover, the specific denitrification rate is observed to be
improved significantly when the temperature of system is 17 °C, 23 and 30 ‘C. Sufficient organic carbon in influent can
increase feeding frequencies, shorten treatment process as well as decrease external carbon source dosage. The phosphorus
removal performance is stable and the removal rate can reach 90% when step-feed CAST technology is used.
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Fig.1 Schematic diagram of experimental system and control
equipment in CAST
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Fig.2 Experimental and modeled profiles of ammonia, nitrate,
TN, TOC and pH, ORP during a typical cycle
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%20 iE, 55 CAST 73 Bealb /K et RUME Ak R AE 2k 45 797

FERIREm, R4 SBEURIRAT NN RGN K
2 Ja AL T FE K

Bl 4 FTos AR B3 1 N4 R B BE I
SN R S SR AR I WIS . N 4 T LU
LS N, AR IEA SR EROE . H R
Jer RNVOEFZ Z PN, BRI AL, WA
JRE IR AR S AL R 1 1 A E N R, A
TR A R E U LG, BT, ORAREE K S AT
ANAR, R S AR AEUTCRIR I 2 R R 2B
30 CHIBIAHALIE AL Tl 23 CRIAIHLE R, =
T 17 CHTEA IR o A, SR A A6 5 0 Fi i 55
T bt . BT R T BRUR R A AR [
JITLA,  FH ARG P58 3 10 S A e A 2 o a3 K S5 2 ) T
TR S AR 58 A SRS BOR Sk B 1) 2 B A ) L o e
WEERE

»— fil AL R N
0.10F — RAFHHEEK rpy 120 =
%1;“ 2(TOC) g“
o 0.08F § 115 =
20 &)
T \ e
& 0.061 110 =
X 04| V 1s &
kY
AN N
0.02 17 23 30 0
IEE /C

4 GRJEATREL R R AT AR 69 R
Fig.4 Effects of temperature on both nitrification and

denitrification

2.2.3  W(C)W(N)*F CAST 4Bt KIF B L 749 %578

5 BTy C AN Jiis 43 $2 L w(C)w(N) 4 6.2
I, pH {f. ORP 5y Jed i i BE RIS R R AR £k ot
B 5 afOl: AEACERA R K BRI APE TR, $E R K
W(C)W(N), CAST 7Bt /KRB 2, = N A IR
BOmE R, HE VIS5 . 518 w(C)w(N)
RIS ILAR B, Ab 2 e w(C)M(N) R 5L K BRI I 44
80%, 1M SNV TR 406 Jd, 3Kt DR R e 0t N R e idi %
AR, BRI 7R AL, AT 5 A SR AR E R e
224 CAST 9Bt /KIREPLR T L 6 IR AR 6

K1 6 JiT 7~ A CAST 43 BLilE /KR B i 8 1. 23847 30
A BREEERE. B 6 WTLLE I R FRKT
W(C)W(N)EIL, H] CAST 4 Beik KR A T2,

15 130
~ 125
2 ~
2 125
- z
=® 115 =
% Q
B 110 2
x 3
kY : 15
50 100 150 200 250
t/min
80
10
>
Eo £
T -80 %
= c
=160
0 50 100 150 200 250
t/min
1—NH; -N; 2—NO0;3 -N; 3—NO3; -N; 4—TN; 5—TOC;
6—pH; 7—ORP

5 # w(C)W(N)E pH {4, ORP L 75 £ 4 R Bt 8] 649 F AL
Fig.5 Experimental and modeled profiles of ammonia, nitrite,
nitrate, TN, TOC and pH, ORP with high w(C)/w(N) influent

during one typical cycle

8 3 100
190
6}

170

p (KB Y (mg-L™)
B~
BBRA %

! 160
2

AN AN ]

07 5 10 15 20 25 30
J38 /A
1—PO% P isx; 2—PO3 -P ux; 3— L Fr%
6 CAST 2Bt /KIR B ML RAE KAz H] L2 G IRAR I AL
Fig.6 Performance of phosphorus removal in step-feed CAST

with on-line control

AR GLPRWEE RERRE FLBRIR #1135 KB T ik 90% LA



798 R AR

41

B HUKOR S IR 25 FURR B AE 0.5 mo/L Aoy o MR
Dt CAST 73 BUib /KIS S T E 5N T 54 BB,
RN PR I DRSS O T ARBF IR 2615 R
FRGERIREARME S DUsE K SN E Ty, BEKIIE
TR — HIE T HI SRR, s A ISR UE™
RO PRAEIAEE, iR P i 0 AR B B B T A2 1
BRUFRENIEFESS, BT el ] T ARl ety
AHINO3 -N (AR, EARIEIAR HE RE 8 ORAIEIE
IR PRI AL AT AR TR, A RE 25 78 70 A AR
e [, ARGEAHALAN S e L fErh ORP A pH £k
R I I A LR TN HE K, AN o
bl ik, REACHERER R IERE, M H
AT I BRBERCR -

(1) R4 ORP Jz pH Mgk b HF Ak fUi i b 457 11
WS REK, AT IR B FEC AU H I, i HoRe R
RIEATHAS . R CAST 2Bl KIREMA T2, 4
#k/K COD 4 155.0~443. 6 mg/L, NHj -N JFiaik i N
57.98~82.40 mg/L I}, % Hi/K COD ik 40 mg/L,
NH; -N JFUEIR (KT 0.5 mg/L, TN JUEikEE T
2.0 mg/L.

(2) EATNREES BB SN 35 A 52 1l B 5% )
B3 EEEK w(C)MW(N)AIE K5 BERE K
AR RONERE, 3w ek AR g SO A B DR I

(3) BRI BT I R B3 P W DRSO A1
TAREF P4, REWEIRR #5135 2 BR 2Tk 90% LA I,
H KR B B IR A IR FEAE 0.5 mg/L Ay . ALk, &
TE PRI S AR R B I U PE R A CAST 43 Btk /K S A
LRl TS R N AT S

S 3

[1] Goronszy M C, Slater N, Konicki D. The cyclic activated sludge
system for resort area wastewater treatment[J]. Water Science
and Technology, 1995, 32(9/10): 105-114.

[2] Demoulin G, Goronszy M C, Wutscher K, et al. Co-current
nitrification/denitrification and biological P-removal in cyclic
activated sludge system plants by redox controlled cycle
operation[J]. Water Science and Technology, 1997, 35(1):
215-224.

[3] Goronszy M C, Demoulin G, Newland M. Aerated denitrification
in full-scale activated sludge facilities[J]. Water Science and
Technology, 1997, 35(10): 103—-109.

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[18]

[16]

[17]

Ingildsen P, Wendelboe H. Improved nutrient removal using in
situ continuous on-line sensors with short response time[J].
Water Science and Technology, 2003, 48(1): 95-102.

PENG Yong-zhen, GAO Jing-feng, WANG Shu-ying, et al. Use
pH and ORP as fuzzy control parameters of denitrification in
SBR process[J]. Water Science and Technology, 2002, 46(4/5):
131-137.

Akin B S, Ugurlu A. Monitoring and control of biological
nutrient removal in a sequencing batch reactor[J]. Process
Biochemistry, 2005, 40(8): 2873—-2878.

Casellas M, Dagot C, Baudu M. Set up and assessment of a
control strategy in a SBR in order to enhance nitrogen and
phosphorus removal[J]. Process Biochemistry, 2006, 41(9):
1994-2001.

GUO lJian-hua, YANG Qing, PENG Yong-zhen, et al. Biological
nitrogen removal with real-time control using step-feed SBR
technology[J]. Enzyme and Microbial Technology, 2007, 40(6):
1564-1569.

HAN  Zhi-ying, WU Wei-xiang, ZHU Jun, et al.
Oxidization-reduction potential and pH for optimization of
nitrogen removal in a twice-fed sequencing batch reactor treating
pig slurry[J]. Biosystem Engineering, 2008, 99(2): 273—-281.
APHA. Standard methods for the examination of water and
wastewater[M]. 19th ed. Washington DC: American Public
Health Association/American Water Works Association/Water
Environment Federation, 1995.

Chang C H, Hao O J. Sequencing batch reactor system for
nutrient removal: ORP and pH profiles[J]. Journal of Chemical
Technology & Biotechnology 1996, 67(1): 27—38.

Al-Ghusain | A, Hao O J. Use of pH as control parameter for
aerobic/anaerobic sludge digestion[J]. Journal of Environ
Engineer ASCE, 1995, 121(3): 225—-235.

Peddie C C, Mavinic D S, Jebkins C J. Use of ORP for
monitoring and control of aerobic sludge digestion[J]. Journal of
Environ Engineer ASCE, 1990, 116(3): 461-471.

Paul E, Plisson-Saune S, Mauret M, et al. Process state
evaluation of alternating oxic-anoxic activated sludge using ORP,
pH and DO[J]. Water Science and Technology, 1998, 38(3):
299-306.

Kim J H, CHEN Mei-xue, Kishida N, et al. Integrated real-time
control strategy for nitrogen removal in swine wastewater
treatment using sequencing batch reactors[J]. Water Research,
2004, 38(14/15): 3340-3348.

FY, WOKER, FWEE, . AFEAERLA N AR
RIS H pH R[] mHARIE IR, 2005, 15(8): 91-95.
WANG Shao-po, PENG Yong-zhen, WANG Shu-ying, et al.
Effect of proportion of nitrate and nitrite on pH profiles during
denitrification[J]. High Technology Letters, 2005, 15(8): 91-95.
Tchobanoglous G, Burton F L, Stensel H D. Wastewater
engineering: Treatment disposal and reuse[M]. 4th ed. New York:
Metcalf and Eddy Inc, 2003.

(4RiE  BRALLE)



