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Effect of Internal Recycle Ratio on Nitrogen and Phosphorus Removal

Characteristics in A’/O-BAF Process
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(Key Laboratory of Beijing for Water Quality Science and Water Environmental Recovery Engineering Beijing University of
Technology Beijing 100124  China)

Abstract:The behaviors of biological phosphorus (P) and nitrogen (N) removal in a lab-scaled anaerobic/anoxic/oxic-biological
aerated filter (A*/O-BAF) combined system were investigated during the treatment of real domestic wastewater with the temperature at
15°C  the C/N ratio of 4.9 and internal recycle ratio of 100% 200% 300% and 400% . Experimental results clearly showed that
COD N and P can be simultaneously deeply removed in this combined system. When the total HRT was 8.0 h SRT was 15 d sludge
recycle ratio was 100% and MLSS was 4.0 mg*L ™" the concentrations of COD total phosphorus (TP) and ammonia nitrogen could
be reached to less than 50.0 0.5 and 1.0 mg*L ™" in the effluent respectively. The concentrations of total nitrogen (TN) could be
reduced from 70.9 72.1 70.6 and 73.3 mg*L 'in the raw wastewater to that of 24.8 16.5 9.6 and 8.7 mg*L "' in the effluent
respectively. The removal efficiencies of TN were 65.0% 77.1% 86.4% and 88.1%  respectively. There was no distinct
relationship between the internal recycle ratio and the removal efficiencies of COD TP and ammonia nitrogen. However the removal
efficiencies of TN increased with the increasing of the internal recycle ratio the rising rate was descending. Both the capacity of
denitrifying and phosphorus removal in anoxic zone increased simultaneously with the increasing of the internal recycle ratio. Batch tests
indicated that the population of denitrifying polyphosphate-accumulating organisms (DPAOs) was up to 40.5% of the total phosphate—
accumulating organisms(PAOs).
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Fig. 1 Schematic diagram of A*/O-BAF biological system
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13 L. N N
. t/C 14 ~16 15
) pH 7.3~7.6 7.4
A0 COD/mg+L.~" 211 ~466 343
NH,; N/mg+L"~' 65.5~71.3 67.9
. NO; N/mgeL ™! 0~0.22 0. 004
NO; N/mgeL™! 0~0.94 0.01
TN/mgeL ™! 66.8 ~74. 1 70. 4
C/N 3.0~6.7 4.9

COD ; TP/mg*L "' 4.1~13.0 5.8
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Fig. 2 SEM images of ceramsite media in BAF
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Table 2 Removal of various pollutants under different internal return ratios
R =100% R =200% R =300% R =400%
/mg+ L™" /mg+ L' /% /mg+L™" /mg+ L' 1% /mg e+ L™ /mg+L"! /% /mg e+ L™ /mg-L"" /%
COD 359.1 44.6 87.6 273.1 46.2 83.1 374.1 39.4 89.5 298.7 39.3 86.8
NH," N 67.0 0.0 100% 68. 1 0.9 98.6 67.2 0.2 99.7 69.9 0.9 98.8
NO; N 0.1 24.4 — 0.2 16.1 — 0.0 9.3 — 0.0 8.2 —
TN 70.9 24.8 65.0 72.1 16.5 77.1 70. 6 9.6 86.4 73.3 8.7 88.1
TP 5.7 0.3 94.17 5.9 0.2 96.6 5.9 0.1 98.3 5.9 0.1 98.3
2 NH, N
CoD 3 (NH,; N——NO, N)
(NO3_ _N4’Nz)
COD .4
COoD 359.1. 273.1. 374.1 298.7
mgeL"~' COD 44.6. 46.2.
39.4 39.3 mgeL~' 87.6%
0
83.1% . 89.5%  86.8% Ac = e + €, (@ + 04.) e
cop 00 + O + O,
L Ac,, (mg*L™")5e,,
PHAs) PHAs / -1y -
(PHA o (mg'L™)30,000 O,
’ . (Led™);
- C:.l“‘:.l Cilll(l
’ L.
COD (mg*L"")
100 4009
;COD % a
(NO, N/MLSS * 1) 0.63-
200% Ao 0-83.0.95  0.98 g/(grd)
N N COD
25
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Fig. 3 Evolution of COD in A®/O-BAF system at different
internal recycle ratios
4

2.3

(TP/MLSS 1) 1.00. 1.15. 1.23 1.28



1 : A*/0- 197
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Fig. 5  Phosphorus release and uptake under anaerobic-anoxic/
oxic conditions
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