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Effect of Internal Recycle Ratio on Nitrogen and Phosphorus Removal

Characteristics in A’/O-BAF Process

CHEN Yong-zhi, PENG Yong-zhen, WANG Jian-hua, ZHANG Liang-chang

(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>/0-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’Iin the raw wastewater to that of 24. 8, 16.5,9.6 and 8.7 mg-Lfl in the effluent ,
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

respectively. The removal efficiencies of TN were 65.0%

s

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).

Key words: A°/O-BAF combined system; internal recycle ratio; deeply biological nitrogen and phosphorus removal; denitrifying

phosphorus removal ; removal efficiency; low C/N
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Fig. 1 Schematic diagram of A>/0-BAF biological system
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Table 1  The influent characteristics
i 0 ¥ fE
t/C 14 ~ 16 15
pH 7.3~7.6 7.4
COD/mg-L " 211 ~ 466 343
NH, -N/mg-L "' 65.5~71.3 67.9
NO, -N/mg-L "' 0~0.22 0. 004
NO; -N/mg-L "' 0~0.94 0.01
TN/mg-L ™' 66.8 ~74. 1 70. 4
C/N 3.0~6.7 4.9
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%
Ei=R K ik ENCE K HIFIN PN E SV ik ERE STV HIFIS EN IS

/mg - L°" /mg-L7! /% /mg - L°" /mg- L7} /% /mg+ L' /mg-L~! /% /mg+ 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 94.7 5.9 0.2 96. 6 5.9 0.1 98.3 5.9 0.1 98.3
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Fig. 3  Evolution of COD in A?/0-BAF system at different

internal recycle ratios

2.3 PNIEI B X Bk A S A AR FE T Y 2

HEWE LA G 2 P 5, B SR NH, NG i A
BB (NH, -N——NO; -N) e 40 o fiff iR £ L, 52 K
FOR B 0 A8 R GE i LA A6 (NO; -N——N, ),
Vi TR 2k 2 ok U, A EOE AR AR
RG0S W A A, K DARS R R AN 32, R i AR
SR AR P SR B 2 AR 4l W kL P A 5
B A B IR Eh A LB IR AR .
ciQp + ¢ (@i + Qu)

Qi + Qr + Q. T
X, A, BREUBH R AR A 1 L BRI (mg- L7 ) 50
HRG KRR AWK (mg-L™") 50, .0, 10,
S35 R BE K L P TR RS e I e (Led )

Ac,,, =

ca Tl e, o7 5l Ay DR AR B TR 40 BB AR i i R 6 R0k
(mg-L7").

TS A 1 A 1009 38K % 400% I 5t
SAB AL BE J1 (NOS -N/MLSS - 1) 43 5l A 0. 63,
0.83.0.95 F10.98 g/(g-d), BIBf & A 7194 Fb 0 185
K, B SR R AL R T S B T v R (B T v
HIE L. B Bk A R 7R Y TR B R
A (100% ~300% ) , [nl 3 2] ik 480 B A4 il 12 3k 67 for AH
X AR, i i 5 B ok A Ak v B i) R 5 PR T 9 L R
1 B (400% ), 13t 2] i 4B Y il 1Rk 1 47 3T TR
AR T HEK C/N B Bk 4B AT A YA AL
B YR AT BR (P 103 B 400% B AL 13.4% B
COD i il 5 72 W A ), PRt B IS 2 Ry
SR S A 2R Y 32 B D DR R R R Y 2R B
PG 5 P8 2 Bl P [ b 0 3 K i Ak b 485
WK & DO BE IR T sk S A BT 2 H 59 6l 1k
fig 7.

2.4 DY BE T B2 i A R £ 5 e

B4 25 1 T ASFE N B 25 14 T TP TR R AR
L. AT LUE Y, 3R G0 A7 76 W1 S 7 R A A 1 gl 3R
. YR AT 4 B LI F A5 RTT  SE  E
B (TP/MLSS - ¢) 43754 1.00, 1.15, 1.23 #1 1.28



14 R 555 NI R X A%/ 0-B S0 A W 8 Tt T 250 600 ol R 3 o 197

g/ (g-d) B K TP ¥R B0 12.6, 6.8, 5.2
3.6 mg- L™, L i E BB 5, K TP 49l
THEZE0.3,0.2,0.1 #f10.1 mg-L™", B fETH & —
GeHEARE R A AR AE, SCEE T TR R B 5 Bl 4R
RSB i EZ RN R A 3 A4, — A J& Sl 1k B ok
VB3O, s MRS A B R D E s TR RN
TERE B A WA WK IE PHAs, 57K A9 C/N FIHE
BVENRIT IR (VFAs) €. R T LIRABHERGEZ
W, AR T R L R H VEAs A B PHAs, X
it Al W B A ) 5 = 2 e A0 B AL 1 F - A7 A R
A, BB NER SR AL . FIR, TR0 i 4R
th ISR AR R A Ak SR i TR R S Ak S R T s
2R LT A RS R h AL, RO Ak 5 % TR 1 R Ak i %
HA S 1R T SR Ak 3R Ml T, SR A G G BE ) A R R
G IS F RO AR 5 35 TR 1 RS AT T, RO AL S AR
TR VR TR SR Ak SR B, R 22, O A R s T A L
3R] FH 2 00 1 S R h UAE R G P R AR AE L BT, N
] L 384 KA R S s Ak e 1

60
[ 1R=100%
N FEEH R - 200%
50 - L2 R = 300%
XX 7 = 400%
40 -
T
=
) -
£ 30
ey
[_1
20
10 |-
RIEZN % .

K K4 B HE K (BAF)

B4 AENBERETIEEET TP HIEBREUNRE
Fig. 4 Evolution of TP in A2/0-BAF system at different

internal recycle ratios

2.5 SAEAG IR BE A b7 SR L Y L R
S T R AR R B R R AL L ] 5 BT
BRSO AL R BE T (DPAOs) R BEIE
(PAOs) B LB N 40. 5% . Bl 253 91k, DPAOs 4
AR I LA B SRR i T R
2.6 AT/O-BES A WU T2 M 2 05 Mo Hr
58 A70 TEMIE, AR T2 M HRT A
KR 75 B8R R G0 A A B AR C/N 5K
AN T B AN e U 5 R A R G, o0 T A Ak 2 2
AR T AR A Wit b R T 2 —
R0 N 3 BP0 = 0 17 N S B | [ 200 = 28

H =1
7 RE : TR 150
60 —a— TPrg 4100
—0— TPy Ja0
50 | A— TPyt g0 ~
T ' —A— COD I O
% 40} i —o-NOsSN | g 130 ¥
g : 60 & £
£ 30 3 <
= 30F 150 '
{208 120 &
20t <
J 110
ol 20
0 1 1 J 0

L L 0
0 40 80 120 160 200 240
t/min

5 REBSHNRE-FEREHEFAKNBER
Fig. 5 Phosphorus release and uptake under anaerobic-anoxic/

oxic conditions
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