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PERRRAE s 00T T U YRR RE . SCEERBTE PE 515 e RBR B Z MK R BT T Orbal A T.ZHE17 55
A AL X 2 AT R R PR A S LR . 2R R . 3l 208D Orbal S Ak 8 AN YA IE PG RGO R B, HOAEE IR
i S o3 AR & AR BT AR A WK ), IR RS SR B B B R RIS AT 45 R R, KoK TR e i), U
/g il T I B i AT R AR ) Ak BT B N B A W R RS R A s Rl AR YA SE PN A R 38 )5 (nitrate
reductase, NR) 1% P (LR M) FE B B MA ZH A BEW I, 20 kB T A 1.58 mg-(g-h)™ 1 0.80 mg-(g-h)™
HIME TS T A 2.27 mg-(g-h) ™" M 1.07 mg-(g-h)™'s AR, HAO M NR IGHESHAMEB A LEERLE L FH
A, 7R IR B A 56 250 r 23 51 0.99(P=0.01) #1 0.88(P=0.12)., 7ESEBRIG/KALBE) v, SCHERGE M BB 1T 25K
AN 3B AT R A R ) )RR AR TR A

KHE1E  Orbal AL ; UZEWFIRE; SCHTE i PCR; JCHEEEIE M iB1780%
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T4 (AMO) F1F2 e AL 8 I il (HAO) 2 il A S 07 iy B ok ™), i 1R 2 D 1l (NR) R IE A 7R 6 38 Jit
it (NIR) 2 S i Ak 52 o7 i) B s il 1, — B DAk, OC T A= W o 0ot A v SC B i 1 B 9% 3 B4 v FE il
() 4l Ak A s B MLER U ARk, X G 1 AR VS K AL BR A R R AE A B A T, L )
HHT T 5 TN £ B A0 BRI 2E ; CALDERON 25U [ 3R 1 Wi % PE /K F 51847 S 505 16 2 18]
B FR s PAN SRR T I5 K Ab B2 458 i i A2 P NR FIENIR AO4FPE . SR, X Semfsy £ 84
FECE E /NMARIAL . 9 b, ShRis KA iE il B S i = /MR m RO A 4. Bk, A ab
BN S PR K AL B ) OB 1 5 T Y A R R 2 ] O R AT IR ADESY .

SEALTA IR T V5 KA BRI 3 R T 252 — ) Feprs, DA 20 1128 80 AEAR LISk, kA T2
—H B Z R, AWFGELL Orbal AL MW TR S, 20T 2 Fhas AT 16 M5 U8 Hh i A W b
REZEH . DORETLAE D) & & . QB E PR B s Qe ) L BR AR, IR X HOMHE BEOC R T TR, B2
& 7R 5 ) SE PR 5 K Ab 38 G S BRI AR AR R R, DL R SE RS KA BT A AR ek s SR S
1 MBE5ERE
1.1 XBER

PCR =¥ el fb i & . SCRT oot i PCR b il & BRIRET (K,PO,) . WRlREL ((NH,),SO,).
41 Jf {5 & C(C,,H,,FeN,O,S,). M 2 & (CH,COONa). #% % (NH,OH), H 3 %8 (C,H,N,). fil§ 2 &M
(NaNO,). XA =54 2 %¢ ((CIC H,),CH(CCL,)) #1043 Hr i .

R A 3l $& B (Tanbead, U0 JUF G AR AR A R ) 5D s Mok e 358 IE HL Tk A (Bio-
Rad, fASRAEArEE2Er o (L) ARA R SR MR RS (Bio-Rad, 1A RAMEES ™ M (L) AR
2vE); WP AL (ABL3730XL, Z S FEWT N A R R 5 (1) A BRA ) SR 9% it PCR X
(SteponePlus, & & FEHrN A RGE A Y (L) A RAF); B 7B L (Biofuge Stratos, FEER K ith
IRBHE (P ED) AR A AD; WA AL (Cellox325, flEE WTW i [ 8 AR IR 45 .0 ); pH 3t (SenTix 41-3,
i E WTW B AR IR F0y); BT (WTW-Multi 3401, #EE WTW 1 E £ AR RS Fe); Z4ha]
LA HIERE T (UV-1700, & Eas b & B (b ) A BRA A,

1.2 WHE

ARSI AT A T B — A SR s K AR B R AT, %05 K] EARCR A Orbal EALVA T2, 157K
AhH R 4x10* m*d ™, KIS ESE A 10 h, 15Ul 12.do SEER o e 2 PR BEAT, AR
KB AT R VAR, SRR BN & 1 frR o 2 Rl A= 32 28 X 50 78 198 18 P 5% Il 71 )3 850 A
W, B 1Rsh . . WYRTER RIS B a0 6. 4. 445 BRI T % 30 38 B kil I )5 0 430
4.4, 44 2T RIS IR | ISR fifr . COD i faf X NH]-N ffar B AT, A 15 e ik
BE . y5 PR M . COD i fif A NH;-N 171 faf 43 %1 & 3 015 mg- L', 0.13 kg-(kg-d) ', 0.35 kg-(m*-d)"' Fll
3.80x107 kg-(m*d)'; BN AT5 M BE . 5 Yt fy . COD fit faf XA NH]-N 7 fif 73 51 5 2 965 mg-L™" |
0.13 kg-(kg-d)". 0.34 kg-(m*-d)™" 1 3.80x107> kg-(m’-d)"'o 4 J& W i A [R] AR 28R ki 7K K s K 78 38 TN
G fw A AR, MR B A R (AR RERIIS L m AR — AN RIET 1 m). [FIES, 7EAEAE 6 H A
12 7, 53R ERNTEETG RS, T RUAEYFRE . DIReiE Y & i RO & M 5317

R 1 Orbal SLIAMFKIKER
Table 1 Influent quality of Orbal oxidation ditch

B CoD/(mgL™") NH;-N/(mg-L™) TN/(mg-L")  TP/(mgL")  SS/(mgL") pH

! 492~734 35.25~48.52 42.56~61.25 2.25~4.15 100~325 6.80~7.20
1I 490~684 36.75~47.56 45.75~60.25 2.65~4.75 120~280 6.70~7.20
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Fig. 1 Schematic diagram of sites for sampling and testing in Orbal oxidation ditch

1.3 SHAEE

43 9% ] PCR-DGGE $ AR | S2if 3862 8 PCR B AR ENE . E R A s fr 8t T s 45 78
T WY RIRE 540 S DN RE SR A= 1 3% 120205 SR 23 D00 BE ki A [Rls AT AU T OCHE s 1, — >
DL RIS PR (U) 8 N 1 g WdMEIS R, 1 h 364k 1 mg fEARIC Y BT 3 B 00 & B0, SR SCk b i
BT E A RS AT BT 57K Bk koK BT
2 ZR5TR
2.1 AEMERTISKLIEBITHR

TE 2 Fs AR T, %) #EH K b COD. NH-N I TN fi4 Wil 45 5 L1 2., MK 2 T LA i
FEREA T T, COD -1 2 B %530 O (94.28+2.19)% 1 (91.79+2.77)%; NH;-N fJ-F- 1%
R85 5K (72.80+7.07)% F1 (69.36+8.45)%; TN [1°F-341 2 BR4853 1] Ky (25.50+:6.83)% Fll (44.67+10.96)%
[, &2 a5 RS0, BR& A, HARFEWAERA BT 4T, COD. NH;-N Fl TN Y 2R3
PP TR L fE 4—10 A, B TRBESC T Y COD 1Y 1 1 25 Bk 3 53 5l 2 (96.08+0.87)% Al
(94.17+0.73)%; NH;-N [ 35 2 B 3253 51y (81.38+3.47)% il (80.59+1.39)%, TN ) F 1 2 B 58 43 1
M (31.77+5.41)% F1 (59.81+5.33)%
22 2 #RA T A EAIE DO iR B TAFIE

15 2 Fig AT RT3 5% Orbal 4K TE 3 AN VA TE AN [R A & A4 DO v BE BEAT I 2 , 455 WLIET 3,
A LUE Y, DO e B A8 T Il wi A S A ] BOR R, R RSN E . BT T, FERIS
ImAb, #MEIEM DO WE N (2.28+0.3) mg-L™", 7E F—FEMIFT 1 m 4L, ZMEE K DO KR E K (0.80+
0.)mg' L™, 7ERA AT, RS 1 m A4 EE A DO Wy (2.03+0.4) mg- L™, 76N — 4% fil
HI 1 m Ak, SMEIER DO W R (0.16+0.1) mg-L™",
2.3 INEETEMAFE

T2 Fz 47BN, DGGE B WLIE 4, WT LA Y, 2% V838 Y 0 35 A 0 R e 45 i B AR 25 AL (&
4a). HFER, B TH, B WIGEERBEES N 376, 3.79 f13.83, RS, H. HHIE
TAIGEL S Ny 3.81, 3.97 f13.97, &y, A TS, . WIHIEFARIGE S 5 3.01, 3.11 Al
3.15, B4, . IIE B AR FE 50 90 0 3.05, 3.02 F13.11, JFH, 782 Fi T 4415
WA F A0 WA~WI9fETE . IEXT SR Bos, Fr A W45 7 51 97%~100% & B | ¥ 5 S 1 i & 1Y
16S rRNA JE K79 A WP, 20 50 sRJ8 TRAFE T ZBIEFF 1] . SRS B 1] R BE p ] 25
(I 4(b))-

et A Y = E AL AOB FIE AL 41 T8 NOB & AR M 45 R UL 5, WA, TIREFL L
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Fig. 2 Removal efficiencies of COD, NH;-N and TN under two modes
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TSR BE /(mg L)
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1 .
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Tradeain. A AOB fl nob #'“ AT NI O mik  GER POEERR 1.0 mAh
A HL DR, S T AT A i L o
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S b, WP U AR W R 23 Bl E TS KA s AT S EOm AR A kAR AR A . R, fUE
Yy iR 48 A8 A H R R i B s AT S 8008 19 5 15 K A BRACR K AR X — IR PY . AR SRR TE—
SEBRIG KAL) R, KBTI A5 SRR I, Y A G I R O S BRI R, 15K AR TN BR AL
T BRI, K, 2FETE T ARSI S RN E RS EHAMURSE . X
5 HASHIMOTO 5552 44 Hy (9 15 1 175 U1 v 40 B R % 45 A8 78 S BT 7K b 38 22 e v J2 A DO RROE Y X — 45
WRMAMN . MR, RLEAEN V5 KA RIF, FEKKB R E R 2 Friz 7B 40 6 Fh
HESEM R W B R B RN 22—, X —2518 5 ZHOU 2553 75 52 b5 K AL 3R i BIF 5% 45
RAHAF . B, TESEBRTG AR EE) b, Ak BURUA: ) Rl R i B s AT S 808 ks R B 17 808 4 7t
49 Dt DR 2 38 38 AN 11
24 XREEESIEM

R BT, 4R RE 2B F 3N W E N TEETG RBE AL, SR AT G HE B HAO Al
NR WGP . B R BN, fER—sfrBXT, S, NIWEML, HAO EME7E /MG 1 i
il M, NRGMELESMNAE T . JFH, HAO FINR WIEES MR R Z80m T4 2%, SMNEET, 1
BEAT 40 F NRIEMEH B & FARNT . AR T T, EFEMATEMN NRIGWE LRI 55518
1.58 mg-(g-h) "Al1 0.80 mg-(g-h)™'; Wit T T, HFMAZFEK NR IG5 R 2.27 mg-(g-h) " Fl 1.07
mg-(g-h) e NEIE T, B TR &4 F A HAO it EMH B X ). R T T, BEEMA
Z ) HAO 15 (DL E ) 435 8 2.17 mg-(g-h) ™" Al 1.56 mg-(g-h)™'s WiZERE T T, EEMEEH
HAO 76 543 514 2.05 mg-(g-h) "' 1 1.42 mg-(g-h) "o 4rMral R0, SN VA T % Il F I 250 i id /b
ELHE N R OCHE B NR B3 PE AR T . ERC IR, AR = AMUTE IE P NR 3 M 51 s
AT FHEE T 25% M 30%. SILRIE, 2K Hok i TN A9 2Bl A 2 1A (25.50+6.83)% 12 5
2 TR B (44.67£10.96)%. LRG3 HT KCEEFR # HAO. NR 5 TN, NH;-N LRI X R, F5HR%E
B, HAOFI NRIG M S NH-NF TN LR B IEMC LR, B /REMERE r 551 H
0.99(P=0.01) 1 0.88(P=0.12)(&l 6). WAL ZUl, BATG K B17 5%k, A4 ik B A v G B g 3%
bz A, BT VS e B R . D IR AT KB, 87 Orbal Ak 1 SMIU 1 38 %% il
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Fig. 4 Bacterial population of activated sludge in different channels
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Effect of key enzyme activities on the operating efficiency in wastewater
treatment plant with Orbal oxidation ditch
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Abstract  During the upgrade processes of full-scale wastewater treatment plant (WWTP), the effect
mechanism of operation parameters variations on WWTP performance is still unclear. A WWTP with Orbal
oxidation ditch was selected and two operation modes were set up. Molecular biological methods e.g.
polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE), real-time quantitative PCR and
enzyme activity analysis were used to study the microbial population, functional microbial content and key
enzyme activity in activated sludge under different operation modes, and the relationships between the microbial
population, key enzyme activity and pollutant removal efficiency were analyzed. The effect mechanism of the
parameters on the Orbal oxidation ditch performance was also discussed. The results showed that an obvious
change in the dissolved oxygen (DO) distribution in the outer channel occurred when properly reducing the
number of operating brushes in Orbal oxidation ditch. As a result, the anaerobic or anoxic zone extended
significantly along the direction of water flow. The results of long-term operation indicated that the number
reduction of operating brushes did not affect the microbial population structure in the biological treatment
section when the water quality of influent was stable. At the same time, the nitrate reductase (NR) activities in
outer channel (calculated by hydroxylamine) in summer and winter increased significantly from 1.58 mg-(g-h)™
and 0.80 mg- (g-h)™" under mode I to 2.27 mg-(g-h) " and 1.07 mg-(g-h)™" under mode II, respectively. Correlation
analysis indicated that the activities of hydroxylamine oxidoreductase (HAO) and NR had positive relationship
with removal efficiencies of NH;-N and TN, and the corresponding correlation coefficients were 0.99(P=0.01)
and 0.88(P=0.12), respectively. In the full-scale WWTP, the key enzyme activity was the fundamental reason of
parameters variations on the operating efficiency.

Keywords Orbal oxidation ditch; bacterial population; real-time quantitative PCR; key enzyme activities;

operating efficiency





