FEIRE R 2013,33(7): 1298~1308 China Environmental Science

MUCT EREBEUIREAXRBERER Candidatus Accu-
mulibacter B9 7E AR L4544

i ZE TR, 10 4R, 8B 0, 55K R (bt Tk A BR8 15 fied T R e, b5 100124)

WE: R SCIERERRRLE MUCT T 2T C/N S PRI 5 /K, 28R A I FE AL S8 B Tl A Bl T 9 e R A e 7 5 o o 5
T IR 6 B 223 AR b %) R GEBRBEVE RS & Candidatus Accumulibacter B S I 6. 45 HRW:MUCT K LUS S AL K 0 3, P42
DA A BRI v i 88%. T 25 I L5 YT A2 BE AR B8 3 FLAT AR 14 T AT DG A R T B B 1 T35 2B e L AR AL By B i 30% AL, TE W)
T AR AR S A A A% C/N LTS K SRS AL BRI 1) 732 4. DL 22 SR TR BRI 55 D8] (ppk 1)1 b 38 AR B i, SR FH 92 5 3 B PCR 574 %
SN AR R AR B2 T Accumulibacter f 35 % FBEHEAL Sy S TR BEGE A RARRS =2 21 R GEAL T AR AR AR I A7 76 /D 1 LUR R #h
TR Ace—1 B AHA SRR T & Accumulibacter (¥ 5%; 4 RGN FARIHALIRES G, Ace—1 3B W K 1247 W1 LAEAHIR #:1F 0
LT S2 RHEAT SOAL BRI 1) Ace—TID 4248 S A 3R 1,15 21S. Accumulibacter 1] 92% LA I, 3 F 30T 100%, Bk T I A5 IR 1 S A 14 B i 1)
Fe G IB AT LA IR BRI 2 5% ) L F AR b ) SR 32,

KSR PR AR RAEIBRTE: SEM S E & PCR(QPCR): £ IR &h Mg 3L N (ppkl)

PEISHES: X703.5 XERFRIRTS: A XEHS: 1000-6923(2013)07-1298-11

Candidatus Accumulibacter metabolic activity and population structure in MUCT process treating domestic
wastewater with nitritation and denitrifying phosphorus removal. ZENG Wei, LI Bo-xiao, WANG Xiang-dong, BAI
Xin-long, PENG Yong-zhen™ (College of Environmental and Energy Engineering, Beijing University of Technology,
Beijing 100124, China). China Environmental Science, 2013,33(7): 1298~1308

Abstract: Nitritation and denitrifying phosphorus (P) removal was achieved in Modified University of Cape Town
(MUCT) process treating domestic wastewater with a low C/N ratio. The effect of nitrite accumulation on performance of
phosphorus removal and population structure of “Candidatus Accumulibacter” was investigated during nitritation
establishment and destruction. Results indicated that P removal was mainly completed by denitrifying P removal of about
88%. The P removal efficiency had a clear correlation with the nitrite accumulation rate. Under nitritation, the P removal
was 30% higher than that under complete nitrification, suggesting that nitrite was appropriate to be used as electron
acceptor for denitrifying P removal when treating low C/N wastewater. Real time quantitative PCR assays were carried
out using poly-P kinase 1 (ppkl) as phylogenetic marker to characterize the abundance of total Accumulibacter and the
relative distributions and abundances of the Accumulibacter clades. Under complete nitrification, a very few Acc-I clade
below 5% in total Accumulibacter was present using nitrate as electron acceptor. When the reactor transformed into
nitritation, Acc-I clade gradually disappeared. The Acc-1ID clade using nitrite as electron acceptor for denitrifying P
removal was always the dominant Accumulibacter throughout the operational period, with above 92% on average in total
Accumulibacter, even up to nearly 100%, which led to stable performance of denitrifying P removal using nitrite as
electron acceptor. The nitrite concentrations significantly affected the abundances of Acc-1ID clade.
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poly—P kinase gene 1 (ppkI)
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Table 1 Characteristics of the raw wastewater
KRR Y[ RESNE KRR Jt RESNE
COD(mg/L) 88.8~310.4 193.9 NO;-N (mg/L) 0~0.1 0.004
NH; N (mg/L) 51.8-96.3 65.7 NO.-N(mg/L) 0.05~13 0.59
PO’ -P(mg/L) 2.1~83 5.6 CN 0.86~3.38 2.40
pH {i 7.13~7.42 7.31 C/p 33.12~46. 06 37.34
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RIS Ace-TID 4R, FTAT 4> I 14
HO P VES 39, A2 B R R e T G I e e Ry T
RS BN Ace—TID H AR~ s i B 4
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1.5 MUCT iB47 i %

AW MUCT W 453847 £ B F 28
43d 4255 411d,35 369d [Fis AT Hts AR T 20847
SHMAGIBATIRS AR A 11 BB,
w2k 2 Pion.
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Table 2 Experimental scheme of MUCT process treating domestic wastewater

SR A L1V A 7 W L 0 A oA T A [

I B HEKHiE(@L/M) 5 HRT(h) Ri(%) Ra(%) Ry(%) WECC) DO(mg/L) SRT(d)
1(43~57d) 6.67 10.5 100 100 300 23~28 0.5 25+5
11(58~86d) 8.75 8 100 120 300 23~28 0.5 2545
111(87~121d) 8.75 8 80 120 300 23~28 0.5 2545
IV(122~151d) 11.67 6 80 120 300 18~23 0.5 2545
V(152~180d) 8.75 8 80 120 300 18~23 0.5 25+5
VI(181~219d) 11.67 6 100 120 250 28+2 0.5 2545
VII(220~238d) 10.49 6.67 100 120 250 28+2 0.5 25+5
VIII(239~278d) 10 7 100 120 250 28+2 0.5 40+5
IX(279~318d) 11.67 6 100 120 250 28+2 0.5 40+5
X(319~372d) 12.72 5.5 100 120 250 28+2 0.75 40+5
XI(373~411d) 14 5 100 120 250 28+2 1.0 40+5
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Fig.2 Variations of NO, -N, NO; -N concentrations and nitrite accumulation rates in the aerobic zone
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Fig.4 The amplification plot and the standard curve of each clade of Candidatus Accumulibacter using real-time

quantitative PCR
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Accumulibacter 7] g 22 LL NO, 1F 4 HL 132 4%.
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TH A B E W > 2 /T 1mg/L, WAH R £h AR
SR T 90%, B Prp BfAE WA I 1< S5 F) 18
IO 54 0, £ B A 2 B 2R 0 T L B B VI
255d,Candidatus Accumulibacter 54T [ B
TR 3.02%. S AR E AN AH A AR N AR AR (B
B, L. IV Parp IR/ 5 BB SCR 12240
FREFARH S5, 115 A A B BE AR AL Al R (B 753
TR EN LRI B BRI Z RS
NAR HJR/NEA K AETH8 NAR 5T 94% B
BEVILVILIX, X B (1P 25 B 2 ik 96.5%, HAS
% Parp A SE M DAHE A5 A 5T NO, -
N IR FE R/ s ZEBE R 1) 1 B P, fH NAR K/
HI 8 SRR PS5 k. 0 AT S L P s (K ZINAR AL

T B kT 5 A R TR 20 S R i T
FI WA 752 44, B R SEr NOs 8 NOy IR FEAR
A0S TR FH 2% PR T 52 4 1) SR B8 T 0 S 1A B ) 5
M 0T SREB AT PR A= 0 1 1T 511K /N S A
TG K R IR i 2 5 15 A v BRSO A
SRR DG A0 A Bk, 2R G0 HR il 1) 25 Bk 32 Bl i
Ak Bl A0 AR AL ST KRR A Bt NAR (1)
THiEL,NO, ik FEE W 732 B CON LB
NO, hy HL 152 A IR S A 53 16l F 405 41 i I 7 ik
PEIIA 2 A BTl Accumulibacter 751, 17E
T fe Tl 1Y) 2 o3 238 AL 2 NI A 2 A 9 35 A S
FBR I AE T 1) NAR KT 94% (15 BCVIL VIL DX
X, BINES 234,255,302,339d HUye,4d 1V AR
ERURIEY A 4.16,6.84,17.3,8.60mg/L. N5 234d
B 255d,Pxrp Fifi A5 VA 7 09 B (¥ 369 m v 38
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