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Hfect of internal return ratio on denitrifying phosphorus
removal in A/ A/ O process
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Abstract : Based on a laboratory-scale anaerobic-anoxic-oxic (A/ A/ O) process acclimated with municipal
wastewater as carbon source, the effect of internal return ratio on denitrifying phosphorus removal in the
system was investigated at internal return ratio of 100 %, 200 % and 300 %, and anaerobic/ anoxic batch
experiments were performed to study sludge characteristics The results indicated that the contribution of
anoxic P removal to total P removal became larger, denitrifying phosphorusaccumulating organisms’
(DNPAOs) anoxic P uptake and denitrification capacity per polyhydroxyalkanoates (PHAS) utilized
increased firstly , and then decreased , while anaerobic P release capacity per PHA s accumulated and aerobic
P uptake capacity per PHASs utilized were rarely influenced by increasng internal return ratio. When
internal return ratio was set at 200 %, denitrifying phosphorus removal and biological nutrient removal
efficiency were the highest. The resultsin the batch experiments also showed that higher or lower nitrate
concentrations at the beginning of anoxic stage could influence DNPAOSs’ anoxic P uptake and PHAS
utilization rates, but their intrinsc characteristics were almost never aff ected.
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DO20 30mg-L*, 75 %,
12 d, 20
(DNPAOS) 12
/ 2L BR ;
DNPAOSs, e 15 ml , COD
, 120 mg- L°* ,
16h 3 )
, KNO:s , NOs-N 10 20
A/A/O 30mg- L', 4.8 h
DNPAOs , , 5 min
DNPAOs (4000 r - min' ')
2 (1 DN- , PHASs
PAOs ;o (2) 13
DNPAOs
1 A/A/O 1. PHAS [6]
, /
) NOs-N :
21
1 )
, 1 COD
11 ,
A/A/O 125L ( COD )
11 3, 84 % ,
1 NHs-N
, 100 %, TP 10
, 3 , mg- L, A ; TN
8 0 h, , 3
1
Tablel Removal o various pollutants under three internal return ratios
r=100 % r=200 % r =300 %
Index  pf| uent Efluent Removal Infl uent Efluent Removal Infl uent Efluent Removal
/mg-L-' /mg-L-' ©ficdency/ % /mg-L-' /mg-L-' ©ficency/ % /mg-L-! /mg-L-! dficiency/ %
COD 382 9 61 0 84 1 384 8 64 8 83 2 384 0 60. 7 84 2
NHs-N 557 09 98 4 52 9 00 100 54 3 10 98 2
NOs-N 02 20. 7 — 00 18 9 — 02 197 —
TN 59. 0 24.9 57. 8 64. 9 231 64 4 62 0 239 61 5
TP 83 06 92 8 81 04 951 82 03 9. 1
ML SS 3160 3230 3275

Note: Average val ue of three-times experiments.



10 Al Al O - 2621 -
Al A/ O , 2 A AO
COD/ TKN=8 , /
80 04810 Table 2 Sudge capacity of P release/ uptake in
TN CcoD/ each reactar under three internal return ratios
TN 6 2 ! Internd Anaerobic Anoxic Aerobic Arpxic Percent o
return /g Yy ] -1 i ., dfidency amoxic P
' ratio mg- Mg mg- Mg mg- Mg ! % remova/ %
, 200 % 100% - 052 0 25 091 27.5 20. 3
22 200% - 050 038 0 89 43 1 35
3 300% - 047 035 0 88 39 7 28 1
PHAs COD P NOs-N
) PHAs
DNPAOs Kuba
1 1 [11]
PHAS 5 (
NAD H: ATP)
, / PHASs ’ 5
2 18 09,
3 / 50 %, 200 %
2 43 1% , 100 %
PHASs ’
PHAS ’ 100 %
PHAS 20. 3% 200 % 33 5%,
100%  0.25mg- mg ' 200 % 300 % 28 1%
038mg- mg': 300 % 23
035mg- mg*, AlAIO
( 100%) , (1) DNPAOs PHASs
NOs-N ;o (2)
, DNPAOSs Ccob
. ( 300 %) NO3'N Ka.tarzyna (12
, 1 mg NOs-N 286/ (1- Yw)
, mg COD [ Yu , mg COD -
; (mg COD) '] (OUR)
, A/ A/ O YH 0. 623, 1
, mg NOs-N 7. 59 mg COD ,
NOs-N COD ,
, NOs-N
( 2 PHASs ( PHAS) NOs-
), DNPAOs N , PHAs
, NOs-N , 1
, 1 , DNPAOs PHASs
2 , 100 %
300% , 100 % 200 9%;
PHASs ( ) 300 %
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Fig 1 Reationship between anoxic PHA s
consumption and denitrification under
three internal return ratios

200%
; 100%
, DNPAOs
24
2 NOs-N 10 20
30mg-L* 2 ,
NOs-N 10mg-L* 220
min , NOs-N , PHAS
DNPAOs
2 PHASs
( ) :
( ) :
, 3 3 (D)
NOs-N , PHASs
kpHAs ke NO,N
NOs-N DNPAOs
, DNPAOs PHASs
(2) NOs-N DN-
PAOs [13-15] '

NOs-N

12 80 50
® NH;-N; o NO;-N; i)
10y o P; 7140 &
- ’ = PHAs ] 60 .\_j =]
I—l 8[- . E
' w0130 §
26t 40 E| %
P 4 2120 oS
T log 81 2
z 2} 0atio £
0 A g A 0 0
0 50 100 150 200 250 300
#/min
(a)NO;-N10mg * L™ (MLSS=3060 mg * L™")
25 80 50
® NHi3-N: © NOs-N; =u
= 20 o P, s PHAs *601;}40 E"
~ .
. 15 oﬂ}O g
g 140 E g
:' 10 2120 ©
& 8 <
S W ay F
0L " " I S 0 0
0 50 100 150 200 250 300
/min
(b)NO3-N20 mg * L™ (MLSS=3180mg + L")
40 80 15()
® NH;3-N: © NO;-N; Ibl)
= 30L a P, s PHAs T607_440 20
L % -
. { w130 §
220 a0 E£|7 2
P J g120 §
310 20 ol 2
Z M e - W
0= 0

A A a4 0
150 200 250 300
t/min
(c)NO3-N30mg » L' (MLSS=3050mg * L")

0 50 100

2

Fg 2 Substrate variations under different
nitrate concentrations in batch experiments
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Table 3 Anoxic reaction rates of various substrates
under different nitrate concentration

NOs-N
/mg- L1

INO4-N
ke/ h"*  kpuas/ -1 3

/mg-g-t-h?

10 0 042
20 0. 066
30 0. 061

013
018
0 17

0 80
0 96
1 00

Note: k means reaction rate constant , r means reaction rate.

, DNPAOs

Al Al O

PHASs

, 200 % ,
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