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Achieving partial nitrification-denitrification and phosphorus removal through
AOA post-aeration with short-term hypoxia aeration

ZHANG Jie'?*, YANG Jie', LI Dong'

(1. Key Laboratory of Beijing Water Quality Science and Water Environment Recovery Engineering( Beijing University
of Technology) , Beijing 100124, China; 2. State Key Laboratory of Urban Water Resource and
Environment ( Harbin Institute of Technology) , Harbin 150090, China)

Abstract: In order to culture nitrite DPAOs to achieve aerobic granular sludge (AGS) short-range nitrification and
endogenous denitrification and phosphorus removal, three groups of SBR with the same specifications were operate
in anaerobic/aerobic/anoxic followed by short aeration (AO,A —0O,) mode. The aeration intensity and duration of
aerobic/post aerobic (0,/0,) varied among the reactor. By comparing the operational performance and functional
microbial activity of the three reactor groups over a period of 60 days, the pollutant removal efficiency and activity
of functional bacteria in each system were investigated. The results showed that R2 with short time hypoxia aeration
for 10 min and the DO concentrations of O, and O, at 5 and 2.5 L/(h+L) had the best nitrogen and phosphorus
removal effect, and the removal rates of COD, TP, NH, — N and TN reached 95.49% , 95.57% , 100% and
95.52% , respectively. The optimal environment for short-range nitrification and endogenous denitrification and
phosphorus removal was created by short-term aerobic starvation and low dissolved oxygen. Approximately 60% of
the phosphorus removal bacteria in R2 were DPAOs, with the highst proporton being nitrite phosphate-
polyphosphate bacteria, accouting for 38.76% . The Ry, of the aerobic phase of the reactor was 74.19% , which
achieved high NO, — N accumulation. The concentration of FNA was 1.03 wg/L, which inhibited PAOs and NOB
while enriching more AOB and DPAOs.
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Tab.1 Operation of each reactor

B O, JF AL O,
RBI® wpmppig, SR WRAHME, BESIRIE/
min (L-h~'-L°1 min (L-h~'-L°1
R1 120 5.0 20 2.5
R2 130 5.0 10 2.5
R3 130 3.5 10 3.5

1.2 ##isiRESiRmAK

3 4N A BERN IE #3217 60 d AR AR fk
B AR B dg S8 0k 15 U, 00 B T Ul T o VR R 44 R
3 600 mg/L, S as i K o N T AU i AL LL &
K BMAOKBER IR 2, #EAKIRYIH H K NI
B (BRIE) NH,CI( &) KH,PO, (#IH) . CaCl, I
MgSO, (4R BHES 1) NaHCO, (BB ) ZH %,
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Tab.2 Synthetic wastewater quality

COD/  p(NH; -N)/ p(NO; =N)/ p(NO; -=N)/ p(PO;~ -P)/ .
(mg-L™") (mg-L™")  (mgL™") (mgL™') (mgLh) b

150 ~200 0~1 0~1 7~8

50 ~60 7~8
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#EHZK R NH, - N NO, - N F1 NO; — N (3
TR HDE R N - (1 - %) -2
FEE G 1 ER A3 e B i SR I A s
TP F1 COD (i3 R & £ FHEL 5B - 6C RIZ S %)
A, W JE 332 47 ) pH AT DO SR 1
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p(FNA) =p([2(flgp§>
-2 300
K, = exp(m)
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SNaP =

HIRE Y, ARG 3 IR ARG WP RN A
BLY RN A A2 5T, 100 6 8 28 i i (AR BRI 0 A %% 1A
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Fig.1 Changes in COD during operation
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Fig.2 Changes in TP concentration during operation
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FHE S B /< 10 min 9 R2 VB 22 K, K
NO, — NJGT ik J32 32 W v, Ul I A e 1) e 7
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Fig.3 Changes in nitrogen concentration during operation

2.2 IMeEEIEMEST
2.2.1 AOB Fil NOB i ¥4 #r

55 60 KA HEAT L U 5 2 3 4L L AR R
AOB Il NOB BYAHXF G, 25 3 WL 4, J5 & A
S B2 10 min A9 R2 ' AOB AH X 3% P i 5, B s
MLVSS H&EALH R K 9.15 mg/(g-h) ,R2 IR,

TNZERRER/Y%

p(EFR)/(mg L)

R3 fiz/b, X &K R R2 i i A IR 050 B2 R i s
B A A LR A B AT R A AR SR, TR
AOB I NOB 2 [a] /) 1% P 2200 I & ¥ 78 Uk #
NOB, A1 Rl H T 5 &K DO B K, 7= A1
NO, -N BB EIL R NO; - N, 5540 T Ja FE i
RRR, M2 T, R3 2 FE 3 R B 0 e 5
e L NZ A R TSR, AR S AT AR
WP B NO, - N FLE (HE 2 60 KA,
NOB B 5L # i & I o K iz 47 NOB 7= 2k 3%
REPET B AOB B RS I M4 AT RO DO 38E, #k
WILAR R 3L DO 247 1) BN 2 F AR A AL S8R AN
T, i i/ IR 0 AR 45 A R RE AR $2 80 AOB 1%
P 1) [ B A 35 il NOB.,

10

WA/ (mg g h )
N
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El4 3 HRE=FE 60 XA AOB 71 NOB &%
Fig.4 AOB and NOB activities at day 60 in three reactors

2.2.2 PAOs Fl DPAOs 1&E 4T

SR P R 6 A S [ Bl 400 P %) AT L
#i,R1 . R2 \R3 3 41 W #% 55 60 KH} PAOs \NO, %!
DPAOs \NO, %I DPAOs 3 R &7 LUK DL LI S
SE IR MRS 10 min 19 R2 W2 60% (505 1 M
DPAOs, H W fif§ i £ ) 56 Wl 1 fc 2, 7] 3k 38. 76%
XU I S PR o B IR T A A T LA S R
Ak P SRS AR Bl 38 B A, [ 4 M T 2 Y
AOB F1 DPAOs, T 41} B# < 20 min Ay R1 R AH L
BWEH 5 H 57% , Hod,30% & NO, A DPAOs, It
f TILAHARER A DPAOs, #IHLZ T, &R EES
() R3 1 DPAOs i [ i &, 3k 61.51% (H I h 24
ML NO; VERH T2, DL EHEi e 45 1
ORI, AOA - 0 i 17BN J5 & I <] LA
TSR P B U5 s A7 R 2 S LA 3R W 430k, AT 5 4
B2 1) DPAOs, HJ5 B S8 I U LR AT AL 95 2% fole
R RE A 16 B AOB B K BUIAREE, IFi% 41
PEH NOB, ILAME /i DO T AOA - O REfE ™=
NO, - N FUZ 528 FNA #14] NOB il PAOs, [A] 4
&4 AOB 1 DPAOs,
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2.3 HAIFHIKE

R P 28 AT AAS Y R2 &5 A A A SR A A
Ryt — 2L o A EL R A SR BEBL R, X HER 60 K B
JAWIS Y Wy ve B pH F DO J5 9k B HEAT 52
W25 R E 6 s, AR B (0 ~ 120 min) ,
COD i T [, KRR COD K 10. 06 mg/L, IH-1E
W2 J5 AR RS, BRI T A R R L AEAE A7 5
Rfg COD( FEEE VFA) yd FE HP BB 27. 57 mg/L,
TP BB P fE , pH LR % COD W FEFIIR
AREBEMFEL T, th TR K A 3R A7 0 7 A 4
A W I TR AR A FH B s 35 8 1) W A A A5 2 L
W AR A R T AR R AV S 43 i A R
WJE A N, ,NH, - N NO, - N Fl NO; - N 7EJR%
Hil 30 min Y5 /NE T %, pH 78RS 8 -
Th A TREA B TN 158 R 5. 77 mg/L, 7F 448 B
(120 ~250 min) i}, COD JCHH B % 5h, TP & 47 Mk &
TR 29.95 mg/L, FE & PAOs I8 W B, 1 T8
IR CO, MMRIBEAE , pH e Tt 2 7. 84 i 5
M TR EVE R pH FF22R5 4K, NH, - N 7E47F B
PEAFEIT AR I H B 5 e B2 A 0. 18 mg/L, AH LY.
) NO, —N H1 NO; — N i 545 T & 13. 83,
5.63 mg/L, R H4E B TN AL 29. 63 me/L, it
B R2 U4 B Ry, 74.19% ,FNA R E N
1.03 pg/L, "R MIZFTHEAT AOB Dl KA K
AR BENS = Al F A AU R, A B ) e R
AEARRCR . a S S B2 P, DO T VR B 320 4T A
2.62 mg/L 3% 3.71 mg/L, HAEE(250 ~340 min) 32
BLJE DPAOs F FHA# A7 19 PR T B 2F 17 B2 il T 15 2 Bk
W, TP By FFE % 0.39 mg/L, TN JFi i Ny
2.95 mg/L, DO Jii v B Wi k% 2 0, pH L dp4L
B, TRROVARVA R EUHFER, BT RO Ak R i
17, pH SOBW i o J5 B A4 B (340 ~ 350 min) #F
IR AL bR R, o B R A < 10 min () R2

G S P2 [+ s 00 ) A B )9 A2 EL SR S S v A 2
T2t i JU 25 RO R, Y #E AL R B, AOB %
PLSEM A BRI DO F 5% [ B i LE A i 2l 11 NOB
TR QLA 50) 32 BRI, i B E 4 A Li
W REAF AN W I RS 19 NOB B Wi vk Hh 52 L i, DA
M HA AOB HYPEFLE I, S B R AR AL B A R S
AL BRI

200 A 0O A 04
~e- P TN |
——cop | = NH;| %0
150 A\ 4 NO; | =
—~ 1 ] - 440 =
;1 3 * NOzi %0
g 100f 30 X
= z
8 £,
20 &
© sof <
10
Oft—2—2 9 ¢ = 3 808
0 50 100 150 200 250 300 350
t/min
(a) ISR BIRE
A [ 0 A
4t -
—— DO e ; l7g
+pH . s :
~ 3r
'IT] b 47.7
g
= 2 & \ 17.6 &
8 . . .
S 1| ."'H.__ Y 1475
e 5
0 - Lo 17.4
0 50 100 150 200 250 300 350
t/min
(b) pHFIDOJR K FE AL,
6 %60 XA R2 HEFH NS RYRERE . pH 1 DO
RERETL

Fig.6  Changes in contaminant concentration, pH, and DO
concentration during typical cycle of R2 at day 60
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