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Modified Step-feed A/O Biological Nitrogen Removal Process for Enhanced
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Abstract: A pilot-scale step-feed A/O system was used to treat low C/N municipal wastewater. To obtain high quality simultaneous nitrogen and
phosphorus removal, a modified step-feed A/O system was developed and the nitrogen and phosphorus removal efficiency was evaluated between
the original and modified system. The result showed that TN removal efficiency was 66.52% and TP removal efficiency was only 29.24%
before the modified configuration was applied. When the modified system was adopted, the satisfied simultaneous nitrogen and phosphorus
removal was achieved. TP removal efficiency increased to 89.81% and TN removal efficiency was 73.61% when the optimal feeding ratio
(0.45:0.35:0.20) was applied. Compared to the original configuration, TN removal efficiency increased about 7.09% due to the enhanced
denitrifying phosphorus removal, which saved the carbon source for denitrification. To evaluate the selection and dominance of polyphosphate-
accumulating organisms (PAQs) and denitrifying polyphosphate-accumulating organisms ( DNPAOs), batch test was explored to examine the
anaerobic phosphorus release; aerobic and anoxic phosphorus uptake. The result showed that both PAOs and DNPAOs were accumulated
gradually when the modified system was applied. The maximal aerobic P uptake rate [ P/(MLSS® )] was increased from 2.34 mg/Cg*h) to
10.67 mg/Cg*h) and the anoxic P uptake rate was increased from 0.33 mg/Cg*h) to 2.81 mg/Cg*h) when the modified system was operated.
Key words: nitrogen removal; phosphorus removal; denitrifying phosphorus removal; step-feed; A/O
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Fig.1 Schematic diagram of pilot-scale step-feed A/O system
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MEE(31~60 D 2/32 2/32 4/64 2/32 4/64 2/32 4/64  0.33:0.33:0.33 320/320/320 10 0.6 0.3
BrEcIc61 ~90 ) 2/32 2/32 4/64 2/32 4/64 2/32 4/64  0.45:0.35:0.20 432/336/192 10 0.6 0.3
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Fig.2  Phosphorus removal efficiency of system under

different operational conditions
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Fig.5 Ammonia and nitrate concentration in different stage under different operational conditions
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Table 2 Ammonia, nitrate> TN and TP removal under different operational conditions

Ko BB 1 BB KB

NHf -N  NOj -N TN TP NH{/ -N  NOj -N TN TP NHf -N  NOj -N TN TP
HEIK 70.15 0.99 71.14 6.17 68.02 1.22 69.24 7.36 61 0.79 61.79 6.86
AR — — — — 41.18 0.40 41.58 12.04 43.71  0.75 44 .46 24.01
DI 22.44 4.77 25.20 8.34 28.37 4.74 33.11 7.69 31.11  0.40 31.51 11.74
N11CE 14.64 12.28 26.92 6.41 10.07 19.32 29.38 5.38 24.10 3.34 27.44 7.5
N13C4F) 0.915 21.37 22.28 5.05 1.22 27.09 28.31 4.45 7.62 21.41 29.04 5.14
D2C 11.59 10.66 22.25 6.51 17.08 9.71 26.79 6.89 18.60  6.56 25.16 2.04
N21CEF 8.54 15.37 23.91 5.88 10.68 15.93 26.60 4.11 14.33  11.39 25.73 1.93
N23 (4 0.61 18.82 19.43 5.01 1.83 23.07 24.90 3.60 4.27 19.79 24.06 1.29
D3CE 8.85 13.62 22.46 5.50 8.85 11.05 19.89 4.01 11.28  7.87 19.16 1.86
N31CHF) 6.41 17.24 23.65 4.78 6.71 12.52 19.23 3.49 7.02  10.66 17.67 0.92
N33(4f) 0.92 22.21 23.13 4.04 0.61 18.84 19.45 3.18 0.92 15.32 16.24 0.98
Hi7K 1.22 22.60 23.82 4.34 0.915 18.35 19.26 3.55 1.22 15.09 16.31 0.69
LErF w9825 — 66.52  29.74  98.65 — 72.18  51.75 98.00  — 73.61  89.8l
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2LV H Meinhold 260150 B0t AL AR K AATTIA Bk
SRl AN B AR R Tl 6 S L LU AE B il T R e TR e
TSR A SR Tl AT ) HE AR D0, I B IR T SR A 2R T
T o A B R A A 1 B ARG 43 I AE S 04 204 50
H180 d HUFEHEAT H A IS, 45 K WKl 6.

Tt (R A e 2 R T LU, RGE R A IRLFI IR
SEUBCRE AN L AU B P i AR PRAEUR R IEAT 21 120 min
N O B 4230 B KA, 180 min 45 W JiT , DRARU X g
R dh ik B TR ) 28.3 mg/L. fEUFSA A T, R K
I H L P R 9% P R, E S B EAT 21 480 min B, R
SRR R W A 0.2 mg/L, 5 K Ll I A W o R
[P/(MLSS* )14 8.67 mg/(geh) . M kIS AT 45 F %
W, RGO AT — € A BRI, (R AE 480 min X
IEZE AN, 2R G IR £h U 2 20.2 mgy/L, T8 I S A
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AR 5 TR &6 < B2 B AIS 8.1 mig/ L, d5c K B S A Ak
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mg/Cgeh) . 1M B %0 W B 3 % A, I8 0.33
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T S A B 8 TR A A EE AN A1 2.8 mig/ L. 73 AT 48C
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Fig.6  Phosphorus release and uptake test with the activated sludge obtained from different operation phases
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