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Control for MUCT Process Operation Using Nitrate Concentration in the

Secondary Anoxic Zone

WANG Xiao-ling"*, YIN Jun®, GAO Shang'

(1. School of Municipal and Environmental Engineering, Jilin Architectural and Civil Engineering Institute, Changchun 130021,
Chinaj; 2. Jilin Province Key Laboratory of Water Pollution Control and Resources Reuse, Jilin Architectural and Civil Engineering
Institute, Changchun 130021, China)

Abstract: The feasibility of the control for MUCT process operation using nitrate concentration in the secondary anoxic zone were
investigated by using simulative domestic sewage, in which the influent chemical oxygen demand concentration was stabilized at (290 +
10) mg-L™", the influent total nitrogen (TN) concentration was stabilized at (55 £0.5) mg-L™", the influent total phosphorus ( TP)
concentration was stabilized at (7.0 +0.5) mg-L~". The nitrate concentration in the secondary anoxic zone was changed to compare
the effluent total nitrogen and total phosphorus concentration. The results indicated that, effluent total nitrogen and total phosphorus

concentration significantly were affected by SW{ , controlling nitrate recirculation flow keeping SN(); in2.5 mg-L™" can realize MUCT

process as the optimal control for nitrogen and phosphorus removal. The TP and NO; -N mass balances were performed around each
zone and settling tank based on the averaged TP and TN concentrations for each nitrate concentration in the secondary anoxic zone,
which was indicated that SN03_ is a key factor determining the mass of phosphorus which is released in anaerobic zone, mass of
phosphorus uptake in the secondary anoxic zone, and mass of NO; -N which is denitrified in the first and secondary anoxic zone.

Key words: MUCT process; anoxic phosphorus uptake; denitrifying phosphate-accumulating organisms ( DPAOs) ; concentiration of

NO; -N in the second anoxic zone; mass balance
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Fig. 1 Schematic diagram of MUCT process
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BRAR HAT 54.06% . 24 Sy MEN 1.5 mg- L7, 2
SRR TP YR BEREARCA 1. 29 mg- L~ (HAIR & T
B R HE bR HE B — S A ARIE, TP K BRE N
81.59% . 4 Syo- Fitilhg 2 mg-L "I, T2tk TP
WIERFARE] 1 mg-L-'LLF, M 0.61 mg-L~". B4
Svo; SREETHH 2 2.5 mg- L™, T 20K TP ¥
KE G 0.53 mg- L7, BLHF B £ R RN
92.23% . WL, B Syo HITHH, T 20K TP #
APt L ERRRA T .

BT TR MUCT T2 By 5B AL B v AE
Iy O BE A T8 R G A, 3
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Table 1 Effluent TP concentration and P content in each bioreactor/mg-L ="
e Pog
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

ANA 24.17(0.36) 25.28(0.57) 26.09(0.54) 27.78(0.68) 27.78(0.91) 27.89(0.94) 27.89(0.81) 27.86(0.49)
ANO1 19.96(0.41) 20.69(0.86) 21.13(0.63) 22.79(0.48) 22.87(1.03) 22.86(0.56) 22.85(0.49) 22.88(0.71)
ANO2 11.46(0.66) 9.40(0.64) 7.53(0.85) 5.73(0.44) 4.39(0.77) 4.52(0.71) 4.48(0.63) 4.65(0.70)
AE 3.15(0.45) 2.30(0.52) 1.29(0.42) 0.61(0.21) 0.53(0.51) 0.65(0.44) 0.69(0.36) 0.86(0.27)
EBRE/ % 54.06(1.08) 66.75(1.37) 81.59(1.00) 91.46(0.95) 92.23(1.34) 90.42(1.03) 89.37(1.01) 87.03(0.96)
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SRR A RS SR T BB SN 5 2 5 L W A
BRI BRI HRAEATT SR8m0, A R ER R
HEAPRAEBE, IR 2 S A A R SR i RDRE 5 4 75 7K
A LB IR, HL SR AL A a4 v o5 A D3 X n &
BRI A AT HURR IR, IR R SE Y
PR . PR BUR W B F0E A 1 A N PR A

) AR B i A ek R 1 o L 2.

M2 HATLIE 2 Sy AR (S, 0.5,
1.0, 1.5 mg-L") B, T2 K Al AR h 0k B 45w
AEL 7 1 e 11 3 75 8 A A 8 5 — B AR B P A PR Eh AU
AR B T B RO T, R EOZ B K
B A RS R R A, F o3 1R Eh R B TR A VRGHE A B IR
SRR, ol 2Rl PR R S A A TR S PR UL, R T R AR
BI BB R IRIR T REMN GBS, SE0E RS
BREASA AR, 025 Sy, B (Syo, M 2.0, 2.5,
3.0.3.5, 4.0 mg-L™") i, 7K Al W2 £h 0 He B 4
%, 2E A B2 — Bl S B i A R h AR T B
AL 0, T DLz B /K i R R UMk B R 0, X IR
B Rewk el AR, T 20 R TR m R i, 3k
3T B I BRBERCR. ILAh, 55 — B BB — 2
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Table 2 NOj; -N concentration, relation amount of nitration in ANA and ANO1, amount of P release

TR ER MY /mg- 17!

HIREE AR /g-d !

B /ged !

Sxoy /mgL~! BRER
3 ANO1 AE ANA ANO1 ANA ANO1 (ANA +1:N01)
0.5 0.80(0.31) 18.91(0.51) -0.192 -1.981 5.129 0 5.129
1.0 0.50(0.27) 17.07(0.47) -0.120 —1.869 5.491 0 5.491
1.5 0.10(0.18) 15.84(0.63) -0.024 —1.865 5.771 0 5.771
2.0 0 12.51(0.41) 0 -1.502 6. 184 0.264 6. 448
2.5 0 11.27(0.25) 0 -1.352 6. 164 0.324 6. 488
3.0 0 11.77(0.36) 0 -1.412 6. 220 0.252 6.472
3.5 0 12.09(0. 63) 0 —1.451 6.222 0.239 6.461
4.0 0 12.30(0. 56) 0 -1.476 6. 199 0.256 6. 455

D) BAR NG AR B (BT 22) 5 2) s FITZB IR A

3) FR A % B TP ¥ BL I (ETHA B9 TP AORE R A

AP A2 IRRT LA, Sy =2.5 mg- L™
B, RGN Rl B B v, X S IR B AR 1R T K TP
W RE AR TP 2 Bk e s ey AR B 45 R — 24
2.1.2 Sy, BREARBEPERE

&1 2 S DR 54 AR TR Sy, - A%
A PP AR Tt R R Wl i, L P T Ry i A
Wl B R . 4 TR 2 N 2 BEAT 0BT AT AR
WIRIBEE Sy, HOTH G, S AL (B AR B it +
W) B 5 BB (W3R 2) M TE i 28 1k
X HE— AR T A W B A O i R R IR AR
W, TR B 14 R AR D A A W 11 v M1 M B 8%
HIFIR. NP 2 3B TT LU Y BEA Sy HOTH R , B4R
W 5 ek 7 B TS, A S~ 249 0.5 mg - L™
f9.0. 12 3 E] Sy K 2.5 mg-L ™" IFAY 0. 45. SR T
4 o LRI, LR B 1 S LB I )
IR A R
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Fig. 2 Relationship between SNO.; and P

untake during experiment
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SR COD =3/ | it LU R AR 1 32 At AU A= N
fcls PHB , [ il £ 58 w8 147 19 S A A0 A o5 AL 3
R 7E 36 5L A R R AR (A, R A Y B
Musvoto %574 i, 75 7] 25 I 0 B e 1 175 U R 4t
T S MR R AR R BB 1 PR 2R R T S B A B A R
R . I I R] 2 i S B R AR U o DL
3.

%3 XIHE ANO2 ANO; -NR M &
Table 3 Relation amount of NO; -N in ANO2

during experiment

Syoy /mg- L7 TR R U B kD /g d !
0.5 -5.284
1.0 -5.654
1.5 -5.738
2.0 -5.789
2.5 -5.846
3.0 -5.790
3.5 -5.754
4.0 -5.536

1) A PRk 80BN ) 2% Bk B2 S BRI 5 SR Il AL

ARG TSI SN 8 T35 ASM2d FHT, =3k A
B B A B BRI I — 2 i, BT L R K
S A i i K 2 052 1 B i i 2 J2 A
DO R FE M , 5 AR ARk ZOR B S IR ARG, 5 DO
B SO G AR BT, 45 R S B 2 RS
HRCHEGAEHRNGIR. AR 3 PR AE
BB AR AL UK SR B BEE Sy, - MBS,
2 Syo, WK 2.5 mg- L7, B A R 0 AU
U F . 4541 2, T e i A Al
P SR AR N — L, SNO; =0.5 mg-L™'
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9 0.72 g« d M Sy, =2.5 mg- L7 I Y
3.67 g+d ™" M2 Sy, - AREHENE 3. 0 mg- L™, dik
AR FRACE 3.57 g-d ™ AT RN, — v,
TEHL T2 R0 R I S5 0F T, SR Ak SR T 1Y) e K I
Bk e awse MM, 53— Jr i, BE N6
eI, B PR AL P 4 1 DO s , AT
il 7 S AR B A R S lﬂﬁ,SNO}- =2.5mg-L™'f
BRI Bl 5 i T SR B TR A B R AR i 3R
gt B B AT sl s PR R, AN (0 PT fe K AR E MY
HEESIHFERTRE R, 1T LI T BRI FE & X T
AEHEAR C/N Vs /KB T2 ki A A T
2.2 Sy FMAETERE

T 0 (B] 45 2 07 Bt K 2 ZURD TN MRS LK 4
tH K IR ER AR BE L3R 2.

A 4 Rl g 1R 18] R 46 K R Y
AN HEFFTE 2.30 mg- L7 74, 5 Sy TBK
LSS B A B R B Syo A9 i it ] 4
REAR.

TE MUCT T2 5l e 2% B I B 28 AUk BE &
AR IR A 4 A R EMAE YK SR
ALY R A P ) TR AR AR TR A YR SR

AR PR AT A0 %) s B A LA R R AR 1 55 R T
B I SR B R R AR AR B i R DA
& BN B FR e il B R A5 B b K s AR 1Y
SEBE HEAT T WA o b 25 R SR Bl RS
R AR B R RV R R I Y 32 D RO e Ak RN
06 I HE %) s B

K R TN DA R 46 0k | Lk A Ak 2
AR Eh A FE 1 AR AL 5 S . AR 2 Fit 4 ] LA
A RSB ER R TN WREEREE Sy, - (50 i sk
b NFE 3 AT LB A T B R B RRER AU
BBEE Sy Y IR . > Sy, M 2.5
mg - LB, 32 B A il 2 A6 S50 N o B 2 A e
AR R &Mk BE R TN 43 51 R 11,27 R0 13.70
mg- L™ IRFEARAA. (HI2 25 Sy, ARSIt ok
R R BE R TIN o BE AR A HE 0, AR >4 S, -
HENN B (85 04 Pk S 1 0 N R 0 3 ol 3 1 U3k
ROM R SE IN R GE B AT B . X Rk S o
Swoy P BRI G H R AL I 3R B, BRKS B 22 Y
AR B R B, U I BERY S BR K 1 1 R
i ) 406 6, 35K 42 2 M S Al A ok R ) AR AT
U, T4 3 BRI A A AKOK B 45 R AP e et
i) Syo , EABEFE N 2.5 mg- L7

F4 BREFEHKNH,; -NFI TN SRED

Table 4  Effluent concentration of NH," -N and TN in each bioreactor

s 5 i 28 Svog /meL”
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

ANA 45.56(0.25) 45.56(0.31) 45.53(0.75) 45.57(0.67) 45.56(0.45) 45.55(0.81) 45.57(0.58) 45.56(0.65)
ANOI 35.26(0.32) 35.63(0.61) 35.70(0.48) 36.70(0.55) 36.68(0.93) 36.67(0.39) 36.69(0.49) 36.68(0.73)

NH[—N/mg-L’lANOZ 21.26(0.44) 19.08(0.36) 17.49(0.55) 14.63(0.23) 12.93(0.71) 12.78(0.67) 12.52(1.07) 12.27(1.05)
AE 2.33(0.11) 2.31(0.33) 2.31(0.62) 2.31(0.45) 2.32(0.83) 2.28(0.56) 2.33(0.62) 2.29(0.55)
EEER /% 95.40(0.78) 96.38(1.02) 95.16(1.49) 95.79(1.17) 96.33(1.71) 94.84(1.20) 95.27(1.45) 96.11(1.15)
ANA 46.66(1.37) 45.96(1.18) 46.63(1.08) 47.67(1.96) 45.66(2.64) 47.65(1.48) 48.67(1.53) 45.96(1.41)
ANOI 36.90(1.32) 36.90(1.06) 36.87(2.51) 36.91(1.29) 36.90(1.12) 36.89(1.07) 36.91(1.89) 36.90(1.65)

TN/mg~L’1 ANO2 22.19(1.07) 20.52(1.53) 19.42(1.47) 17.06(1.86) 15.86(1.27) 16.23(2.43) 16.45(2.19) 16.70(1.51)
AE 21.37(2.03) 19.54(2.15) 18.26(2.08) 14.97(1.44) 13.70(1.08) 14.21(1.43) 14.56(2.13) 14.71(1.07)
EEER /% 59.95(3.12) 62.04(3.27) 64.45(3.16) 68.31(2.85) 71.48(2.14) 70.39(2.37) 70.43(3.14) 69.19(1.93)
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o PRI e O RAR AL R BRI ASCR.

(2) BEE Syo- WTH T, B SAIN Joi dt o3 H%
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