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Denitrifying Phosphorus Removal in a Modified University of Cape Town
( MUCT) Process Treating Domestic Wastewater Under Nitrification and

Nitritation

ZENG Wei' WANG Xiang-dong' ZHANG Li-dong® LI Boxiao' PENG Yong-zhen'
(1. College of Environmental and Energy Engineering Beijing University of Technology Beijing 100124  China; 2. Institute of
Architectural Exploration and Design Beijing University of Technology Beijing 100124 China)

Abstract: The performance of denitrifying phosphorus removal under nitrification and nitritation was investigated in a lab-scale
Modified University of Cape Town ( MUCT) process treating real domestic wastewater with low C/N ratio. The experimental results of
180 days showed that nitritation was achieved at short hydraulic retention time ( HRT) and low dissolved oxygen ( DO) of 0.3-0.5
mgeL.™" and an average nitrite accumulation rate ( NAR) of above 70% was achieved during nitritation stage. The MUCT process
showed a good performance of denitrifying phosphorus removal. Under nitritation mode total and denitrifying phosphorus removal
efficiencies were 90% and 91% respectively; under nitrification mode total and denitrifying phosphorus removal efficiencies were
60% and 88% respectively. Although phosphorus removal performance under nitritation was better than that under nitrification the
results of fluorescence in situ hybridization ( FISH) indicated that the percentage of phosphorus accumulating organisms ( PAOs) in
biomass was about 37% under two modes. The effluent COD concentration was below 50 mgeL™" during the experimental period.
Batch tests of different nitrifying sludges showed that the percentage of denitrifying phosphorus removal bacteria ( DPBs) in PAOs using
NO, N as an electron acceptor under nitritation mode was almost the same as that using NO, N as an electron acceptor under
nitrification mode with an average percentage of 38% . Compared with nitrification mode with conventional phosphorus removal

nitritation mode with denitrifying phosphorus removal has a superior performance treating limited carbon source wastewater.
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1 T = Ry + e (1 +R) —co(l +R +Ry)
Table 1 Characteristics of the raw wastewater a2 ce“le + Cnn( 1 + Rz) _ CaleZ _ CO( 1 + R])
x 100% (3)
COD/mgeL~! 86 ~256 157.8
NH; N/mgeL"! 54 ~99 70.3 T, =Ty +Ty (4)
NO5 N/mgeL~! 0-0.1 0.004 c(1 4R, +R) —c(1 +R, +R,)
- Lo T = : 3 3
NO; _N/nllg - 0-05~1.3 0-0 el e (1 +R) —c Ry —c (1 +R)
P/mg-L~ 1.7~11.4 5.4
CIN 0.86 ~3.38 2.07 x 100% (5)
pH 7.13~7.42 7.31 R, R, R, e, P
mg.Lil; Caxt 1 P mg.Lil; Cax2
6 mL B 2 P mgeL " ¢ P
L] _1 . L] « L]
A (geL7) i Mg80,-TH,0 2.0 CaClw2H,0 oy P . .
0.9 1.0. T 2 T
B (g*L™"): FeCl,*6H,0 1.5 H,BO,0.15 T
CuSO, * SH,0 0.03 KI 0.18 MnCl, *4H,0 0.12 | , ( fluorescence in st
Na,MoO, *2H,0 0.06 ZnS0, +TH,0 0.12 CoCly s i e
6H,0 0.15 EDTA 10 pH  7.0. U FISH 4
1.3 4% ( PFA) 2~3
0-45 pm h, 100 W .
3- + -
COD.  POI"Pu NH;N. NO;N. g, 4 min
- 21
( nitrite accumulation ( 0.9 mol*L-" NaCl. 20
rate NAR) mmol»L.”" Tris/HCl. 0.01% SDS
NO, N o
NAR = NN o0g (1) FA 2). 46°C
c¢(NO, N) + ¢(NO;N) 2 h 5 2-
NO, N NO; N mg*L~". min
: 20
T = ey +c,(1 +R) —c (1 +R +R,)
MR e (1 +R,) =Ry —¢ (1 +R,)) OLYMPUS BX61
x 100% (2) Image—Pro Plus 6. 0.
2 FISH &
Table 2 16S rRNA-argeted oligonucleotide probes used in FISH analysis
(53 1%
NIT3 CCTGTGCTCCATGCTCCG 40 Cy3 Nitrobacter
NSO1225 CGCCATTGTATTACGTGTGA 35 Cy3 Ammonia-oxidizing B-Proteobacteria
Nispa662 GGAATTCCGCGCTCCTCT 35 Cy3 Nitrospira
PAO462 CCGTCATCTACWCAGGGTATTAAC 35 Cy3 Accumulibacter
PAO651 CCCTCTGCCAAACTCCAG 35 Cy3 Accumulibacter
PAO846 GTTAGCTACGGCACTAAAAGG 35 Cy3 Accumulibacter
EUB338 GCTGCCTCCCGTAGGAGT — FITC Eubacteria
EUB338 I GCAGCCACCCGTAGGTGT — FITC Eubacteria
EUB338 1l GCTGCCACCCGTAGGTGT — FITC Eubacteria
1) EUB-mix  PAOmix EUB-mix  EUB338: EUB338 Il : EUB3381ll =1:1:1 FA

FA PAOmix  PA0O462: PAO651: PAO846 =1:1:1
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Table 3 Experimental scheme of MUCT process treating domestic wastewater
HRT R, R, R SRT
/Leh™! /h 1% 1% 1% /C /d
1(1~144d) 5.83 12 100 100 200 23 ~28 10 ~ 15
M(15~42d) 5 14 100 100 250 23 ~28 255
M(43 ~57 d) 6. 67 10.5 100 100 300 23 ~28 25 +5
V(58 ~86 d) 8.75 8 100 120 300 23 ~28 25 +5
V(87 ~121 d) 8.75 8 80 120 300 23 ~28 255
VI(122 ~151) 11. 67 6 80 120 300 18 ~23 255
VI( 152 ~ 180) 8.75 8 80 120 300 18 ~23 25 +5
MUCT 105 d 1. 0 im; N v VI T
171 d 25 26 | 3 —e— NOyN :683 .
DPBs PAOs R AR =
40 <
Z
_‘AH’“J 420
-
1)) =10
axmax /Komdx MUCT DPBS T_] 8k 1 4
& : 1
PAOs : £
o4k .
(1) MUCT s ,"M“
2 e Vab 1
4.5 L 2 5L SBR 0 Py [
451, 0 20 40 60 80 rfldUO 120 140 160 180
150 min 2 MUCT NO; N NAR
( 2) 3 Fig. 2 Variations of NO, N in effluent and NAR
1.5 L in the MUCT process
! I
DO >4 mg*L™'; 2 NaNO, NAR ( 2
NO, N 15 mge L™ 3 MucT HRT HRT
NaNO, NO, N 15 HRT
mg*L ™" ( nitrite oxidizing bacteria NOB)
(3) 25°C £1°C pH .
7.2 ~8.0. 38% 31%( 3). I
2
2.1 MUCT HRT SRT( 3)
MUCT NO, N 47% 38%.
( NAR) il NAR HRT
3 . 10.5 h NAR
2. 3 180 d 7 11%. \Y HRT 8 h(
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. 105 23.67 mg-(g*h) ' K., 8.93 mg-(g-h) '
¢V ) 170d( VI Ko 9.14 mg+(geh) ™' NO,
) NO; DPBs PAOs
(COD =100 mg-L™") (COD 37.79%  38.6%
=400 mg*L™") : MUCT
6 : (105 d) ( 171
6(b) 6 g NO,  NO; DPBs
(d) 240 min
15 mg*L.”"  NO, N 6( a) 6
NO; N (¢) 105d K., 5.40mg-(geh) " K.,
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Fig. 6 Batch experiments of aerobic and anoxic phosphorus uptake
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