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Fig.1 Schematic diagram of modified step feed process
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Tab.l Operation conditions and parameters

TH V(AN):V(A1):V(O1):V(A2): HRT/h
V(02):V(A3):V(03) R X I
1 4:2:4:2:4:2:4 1266 1332 3.192
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Fig.2 COD removal efficiency of the system under different conditions
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Fig.3 Variation along the lawof COD removal under different conditions
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Fig4 NH,-N removal efficiency of system under different conditions
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Tab.2  Results of nitrogen elementmaterial balance under different conditions
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Fig.5 TN removal efficiency of system under different conditions
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Fig.6  PO,*-P removal efficiency of system under different conditions
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Fig.7 Variation along the lawof PO,*-P content under different

HE 7 w750, BF oL 15T 2 IREUIX il
ATHHE T RS 23 BE KBRS, DR BRI 5 059 5 B
H5 DRAAX SRR o T A st P sl b, IR 2EURE B
GG, LU RE )BT NGR,  [RIIN H K POS-P
TRBEHRL. SRR R, HK POS-P R
ifos I K POS-P i T K e 246
RSS2 MBS, MAREMRSE 2 &IF
A, ORI 53 A IERERR #h 3R A B IR £ I ML 3
B E LIRS, IR RSB IR 2R 0E AT
R L BR AR BRI DL, AN A A IR 2R
R HKAF B SONAT HIRAE A, DRI 25 H R K
POP & H i THEK POS-P & H AN B o A EE T
35T 4 SR LUE Gl B & o) ic B
DAL ARl EE, fE3e BN n] DUKTRE S = R4t
BERR Eh 22 B
24 FR% DO 2E.pH.ORP KT

ANFERBAAT T, 0 R GE & SN X I
THE - RYEH XN IX ) DO &5 i pH Ml ORP 4811



MR o at, o0 R 20 BUdb /K 24 B C/N 3T V5 /K AR A 2 75

WA DL 8 FIEE 9.

6 7.5

170

=gl g .
o 2 165
S [TBLeO) pr\ § ‘\ S
§3k1 ———0— %
=~ [ N —
8 NE 4 6.0
L 4 ——

L {55

0 5.0

AN Al Ol A2 02 A3 O3
B8 FEIRT DO &= pH iR
Fig.8 Variation along the law of DO content and pH under
different conditions

200
100 |
ok

-100

ORP/mV

-200 -

-300 | 1=z
——3

-400

AN Al Ol A2 02 A3 O3
9 FEIRT ORP AT
Fig.9 Variation along the law of ORP under different conditions

H 8 AT, 4 B THLAAT R, PR B X
DO [T EIRELERFE 0.1 mg/L LUR, #461X. DO 1]
JFE IR FE Y FEAE 2 mg/L LA, R, 38N St i 7
DO i ANe ok R G0 LR I BRI R 25 .

f P 8 I RI 4, T8 1 2100 3 #iFE pH 221kt
BUAHA], 7 BEPRAE(IX — Bedel 11X - 4P 40 1 X 230 pH
IR EBE 1 ORAERALTERT, PR AR
FE, FEIFAE 1 DROR AR AR S WA A A e
THFCHRE , WA FH P A RE , (R A 11 P 2 it i Wl
AR PSS, R S A, 1 X 24748 1 X pH R &
IS, 1X 5 Wang S5 [ UF4X pH 4k48E T B 1) 45 3
MIFFAI, T 1 X R RAX P R, LR
SR A2 K NOS-N I SO A F DL R R
R H S W AEORE , (FORE AT FH A 55 , DRI b
AT LA pH TH e GF4 11X - B4 2 X - 14 2
X - BA 3 X - 4P 3 X pH ARk Ak T -
BRAG — Tk — AR, 3% 8 B R R A FH 3 1R A
559, pH 172 AR = 2 e A Ak S A A0 E R e e

YT 00 4, BRI BE M O, R G0 SN X B,
FERIARAL, = i R Rk v o B BUREIX - Bk
X - IR X AR A A ST TR AG, IREAX
NO,-N KAz A AE = R B, R S A R il
FHWSHERRSE, (HPRAE X A 5D, R a5

2, B R BEAR RN pHARTBAT 1 X o BhA 1 IX -
BF4A 1 IXH pH A AR R T 1~ 100 3. BF4 1
X — B 2 X - AP 2 X1 pH PR A A T
- Fhmre B 2 XX i T RAEAGAE R AR, DALt
pH i THFA0 1 X o 074 2 IX, AR AR R ZE T R
WA s, WA P = 2 R KT A A
THFEIBRE , FEUF4 2 X pH 4REEH K. 175 2 IX
— BRA 3 X~ AP 3 X1 pH AR Ak LA A BRI -
Fhr, Ho e 2 XA pH JLERERAR 3 XK 0.036,
M U0 4 ¥ POS-P & BT FEAR A v] DU I, 7164
3XEAET IR BRI, N b JRUK R
YER, SRR 3 IX A AAE = AR IR B R X pHL (1)
SEMAN 3, AT EA 3 XY pH ZEERSAK T4 4 2
X o RUFA 3 X, TS5 IR AR A FH R Bt ) W e
YERT, 530 pH AL B4R 3 XA FT BT

H 1 9 AT, 4 Fp 50T ORP ARAL AR AH H], 45
TR EIT 57 — T - BEAK - Thi - BRAK - Tha
WA T EHBURAX DO & 5 NO-N 7
A, Pk ORP K. 4 X ¥ DO 5 NO,-N
B T PR R T 440X, BRI ORP KT IRAR
MNFUFRX, AP TR DO % S5k
A% -NOs-N i, Mk ORP H 5.
25 BRESRMESSH

4 P TBLAAE N, R o — B A X Rl 1
() SVI P44 43 ) g 74.72.71.31.97.08.81.48 mL/g.
G ] W RGeS e VTR PERE R 4F . 2 segd
FEEHIR R DO 5 &, HARSAS B B I
5, e T FAL AP P25 B P57 A5 4 ) T 22
R, Bk . 40 55085 4 WK 10,

TH 1 T2

TH3 T 4
E 10 FRIRFHTIFE 3 XMiERER
Fig.10 Microscopic examination of the sludgein thirdaerobic
zoneunder different conditions



76 7K AbER T R

A W

FHE 10 T LUE L, VG e 2R .
3 4

FEVEARRIR RO Ly 4:3:3 I, J 3 189 K e del
AR 9N U 4 DX R 1 SRS, T DA A7 5 5
FIH#, COD o —wE Mt m .

WFFCR I, AR O R 2 Badh Kk T2 I AR
BERCR A M. BEA VRV AFE)IIE R,
AT b 22 B R B 2 18 K V(BB V (WP RO M 6:12 18
A 12:6, WEER £ Z2BR K M 16.2%18 42 86.3%. 1H TN
FBRF e Ya N BEE VRV () IR
T VELR):VAEFEI 6:12 5 9:9,, TN LERFE
M 59.4%38 42 69.2% , Gk LK V(B RV (IFEH)E
12:6, TN 2B H [ 2 60.9%.

E LM 3 sl b, iR E etk S5
IR LS4, BER B AT DAESR B TN L BRI SLAl
b KR B IR AR 1Y 2o B BRI, 2R %18, T
3 AR T .

DRARAS AT A I ARG, m DA 03 il 22
R B, AR LT RGP DT PERE R A K .
40 fE ek 25 AR V5 TR SR 2 .

[1] #5080 i A I
FRHIAR,2009,35(3):102-106.
[2] Cao G, Wang S, Peng Y, et al. Biological nutrient removal by applying

BRI T2 I R0 SR [T]. K A

modified four step-feed technology to treat weak wastewater[J].
Bioresource Technology,2013,128:604-611.

[3] Peng Y, Ge S. Enhanced nutrient removal in three types of step feeding
process from municipal wastewater[J].Bioresource Technology,
2011,102(11):6405-6413.

[4] Zhu G, Peng Y, Zhai L, et al. Performance and optimization of
biological nitrogen removal process enhanced by anoxic/oxic step
feeding[J].Biochemical Engineering Journal,2009,43(3):280-287.

[5] Gorgiin E, Artan N, Orhon D, et al. Evaluation of nitrogen removal
by step feeding in large treatment plants[J].Water Science and
Technology,1996,34(1):253-260.

[6] Larrea L, Larrea A, Ayesa E, et al. Development and verification of
design and operationcriteria for the step feed process with nitrogen
removal[J].Water Science & Technology,2000,43(1):261-268.

[7] A6, BN 55 2 B A/O L&t S AAFR S I 5 S A
P SRS 0] b ¢ likj:??%&,zows5(2);240-245.

[8] ZEIU52, MW, A T A% W b 23 B k7K T 2 S Bl i ek L ).
5T Tk K25 2%41,2012,38(11): 704-1709.

[9] FE IR LA SRS CRRE K M I 3B T30 ) e 22 KRR K
I3 HT VA M4 JAEST T RS REY i, 2002.

[10] & L4, 527K 88, 5K 5, 55 .00 R UCT 43 Bl 7K B U5 i T 2 kg
KPR #5146 12%41),2010,61(4):1009-1017.

[11] Ge S, Peng Y, Wang S, et al. Enhanced nutrient removal in a modified
step feed process treating municipal wastewater with different inflow
distribution ratios and nutrient ratios[J].Bioresource Technology,
2010,101(23):9012-9019.

[12] GB 18918 —2002  Iiys /K AT | §5 e Hi ibr e[S
3] W ETHEL IR AYO R Bl K T 24 BLK C/N Fﬁﬂr“/kuﬁ Phfig Y
P RID] AL BT AL BT Tk K 2%,2013.

[14] Wang X, Peng Y, Wang S, et al. Influence of wastewater composition
on nitrogen and phosphorus removal and process control in A0
process[J].Bioprocess and Biosystems Engineering,2006,28(6):397-
404.

VOLUME OPTIMIZATION CONTROL OF MODIFIED STEP FEED PROCESS
IN TREATING LOW COD/TN MUNICIPAL SEWAGE

Chen Qiang', Wang Wei%, Wang Chuanxin®, Peng Yongzhen'
(1.State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin 150090, China;
2. College of Civil and Architectural Engineering, Heilongjiang Institute of Technology, Harbin 150050, Chinas
3.Guangzhou Municipal Engineering Design and Research Institute, Guangzhou 510060, China)

Abstract: By adjusting the volume distribution of anaerobic, anoxic and aerobic zone, the removal rate of pollutants using modified step feed process to
treat low (m(C)/m(N)<4) municipal sewage was studied under the following conditions: hydraulic retention time (HRT) was 10 h, sludge retention time
(SRT) was 10~15 d, and influent flow distribution ratio was 4:3:3. The results showed that effective carbon source utilization rate would gradually improve
with an increase of the total volume ratio of anoxic and oxic zones. Under the condition of volume of anaerobic zone: when total volume ratio of anaerobic
zone to anoxic zone to oxic zone equaled 4:12:6, effective carbon source utilization rate reached the highest point, i.e. 66.2%, and phosphorus removal
rate of this system was the best, the mass concentration of PO,*-P and TN in the effluent reaching 0.55 mg/L and 22.60 mg/L, respectively. When total
volume ratio of anaerobic zone to anoxic zone to oxic zone equaled 4:9:9, nitrogen removal effect was the best, the mass concentration of TN and PO,*-P
in the effluent reaching 17.76 mg/L and 2.61 mg/L, respectively. Considering the removal and subsequent optimization space, the optimal condition was
the ratio of volume of anaerobic zone to total volume of anoxic zone to total volume of oxic zone being 4:9:9.
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