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zones and hydraulic retention time (HRT) on the removal of nitrogen and phosphorus from low C/N
waslewaler when the A*/O process was operated under low dissolved oxygen conditions (DO: 0.5-1.0 mg/
L). The results showed that, without the addition of external carbon sources, COD, NH,~N, TN and PO, -P
in the wastewater could be efficiently removed by reasonably controlling the volume ratio of the anaerobic,
anoxic, and aerobic zones and the HRT. When the HRT was 12 h and V.. © Viose © Vieropie Was 3:4:7,
COD was effectively removed, with the removal rate reaching as high as 91.2%, and the effluent COD
concentration was below 20 mg/L.. The influent COD was mainly removed in the anaerobic zone, where it
was utilized by phosphorus-accumulating organisms (PAOs) and glycogen-accumulating organisms

(GAOs) to synthesize the intracellular carbon source PHA. When the HRT was 9 h and V, vV

anaerobic anoxic

aerobic

was 4:4: 6, the system achieved stable nitrogen and phosphorus removal. The effluent TN and
PO, —P concentrations were below 11 mg/l. and 0.5 mg/L,, with removal rates of 81% and 89.2%,
respectively. Phosphorus removal in the system was mainly achieved through anoxic denitrifying
phosphorus removal and aerobic phosphorus uptake, with denitrifying phosphorus removal being the
primary pathway. Nitrogen removal was primarily accomplished through anoxic endogenous denitrification
and denitrifying phosphorus removal, accompanied by aerobic partial nitrification and simultaneous
nitrification and denitrification. An analysis of the microbial abundance and diversity of the system
revealed that the main microorganisms responsible for nitrogen and phosphorus removal were
glycogen-accumulating organisms (Candidatus_Competibacter), denitrifying bacteria (Azospira, Terrimonas
and  Dechloromonas), bacteria and  Nitrosomonas), and denitrifying

nitrifying (Nitrospira

phosphorus-accumulating organisms (Hyphomicrobium).

Keywords: A’/O process; low dissolved oxygen; nitrogen and phosphorus removal;  volume

ratio; hydraulic retention time (HRT)
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Fig.1 Schematic diagram of A*/O device
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Tab.1 Influent quality and reactor operating conditions
[f1¢=:3 Aisf 17 /dl COD/(mg/L) | NH,"~N/(mg/L) | TP/(mg/L) | TN/(mg/L) | DO/mg/L) | &FL HRT/h C/N
I 1~15 187 48.4 5.01 49.0 0.5~1.0 3:4:7 12 3.86
I 16~38 203 49.8 4.93 50.0 0.5~1.0 3:5:6 12 4.08
] 39~97 227 46.2 5.12 46.6 0.5~1.0 4:6:4 9 491
v 98~117 208 442 4.82 44.8 0.5~1.0 4:5:5 9 4.71
\Y 118~140 206 50.6 5.36 51.0 0.5~1.0 4:4:6 9 4.07
VI 141~185 260 52.8 5.47 53.1 0.5~1.0 4:4:6 9 4.92
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i 1 40 T e B R e 43 D6 0 B 1 22, pHL. DO Hi pH
T S AE 48 2 A E , A B e Z PR
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R G X L], Bl 25 S X S B 3, A R PR
HET COD TEAF 4 X 1 78 43 B A , COD R i b4
B MR N 4:4:6 11, COD -1 £ B %3k
£ 88% ,~F- ¥4 7K COD MR BE M 32 mg/L, S T R4
XA ML A 8B

ME 2(b) T LA H 37K COD 1E R G0 R A X B
B 2 %, b 24 70%~90% 9l IR 480 B (32850 B
B PAOs A1 R 4 T8 GAOs) I T & A 41 At iy B JA
PHA , DIHE 5 22 Al A bR i B 20 . 437 COD
i 7R AR DX 2o A AR B — 25 B A, 3R
FEUF S X AR SR S o e o il DL Bad R K i
AL AT R ik, 1E 7K COD 444 156~260 mg/L
(C/N<4), H7K COD F- 9k BEAILF 50 mgy/L, 1 A2 (K
UG K AL PR )75 Y Wy HE PR #E ) (GB 18918—2002)
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Fig.2 Effect of volume ratio and HRT on COD removal
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ME 4RI LLE T 25 L EL AT HRT X 22 BR & A A
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FIF R G %F TN 09 2 Bk, TN - 3 & B % ik %)
85. 88%, “F-#4 TN th /KM 4 6. 61 mg/L, 1 ik F (3K
BTG K AL BR 75 B U HE TR ) — R A bR BB
I, G 4 X2 R R W S (R R AT, F- 3 R e X
A LA TR, AR TFHEEEN
85. 67% , V- 7K H 4 6. 53 mg/L, i T —4 A b
#HE s RGN TN 1°F- 35 5Bk %k 70. 66%, 7K TN -
P E R 13. 57 mg/L, B AL E RGP A XA,
XT A STN ) L BRBCR A 1T, AR 4
4:6 I, RGN E M TN i L BBUR B TRE , &
FURTTN K53 B 53020 1. 947, 25 mg/Lo

(1= | IS I =0 €27 = W A B 9 N g i 5
L B 4 2 10 A 5 0 S Y T s vk ) v, L
JEH 38 KL A 2 N NO, =N T & 5. 26 mg/L, H.k
F2REARNGFIEAR . WL, REMKAETTHAT
SARK B 44 HRT(5. 14 h) , 7] 2% 8 45 5 i 48 IX 25
FRFEE (45 R s a] , DA/ NOy =N 2B B, 3B 8P 1
NO,-N FU 2 | #E 175 R fis 1k, Adl 2 by S B g S
w7 B BEI~ VI, 4 s X SR R 4:6:4 1,
KA A SRR B Bk g, I LB RN
85. 67%, H.TN 550 i NP (70. 66%) . R
FBRACR B IV IS AR LR A 4255, a8
G R IX 2SR, I RS B R R T, A S R
Z i, K TN FREH By 8. 5 mg/L, WA A T
IR RN 40.89% . YA ILIEE Ry 4:4:6 1,
REBRFZW T mE, BV VTR R L%
430 H 92. 46% .97. 72% , H 7K B R34 FE 43 50
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185 K, WAHAS AR B R ik 47% . REEEB A
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LBRFIA81%,
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B A8 R 7K 0 TN s HE R R
2.4 REEEBLEMSHREBRBHXER

SR 3T 22 B8 PN O BB 45 48 R 2R 4 i R
FREEC R A LB R G A X TG T5 Ve AT TR A
FEMZHEM S, SRR E T (124) (1
(84 d) V(117 d) . VI(185 d) By 148 X ¥5 Y A7 e
T, 5 A SRR G T LR 2,

2 BERBEBEMEEHTL

Tab.2 Change in relative abundance of nitrogen

and phosphorus removal bacterial genera %

moH 12d|84 d|117d[185d
.. | Candidatus_Competibacter |3.14|2.82|6.62|7.12
e =l
Defluviicoccus 0.2810.19] 0.26 | 0.25
. Hyphomicrobium 1.27/1.23]10.25 | 1.35
] 0 ;
Candidatus_Accumulibacter |0.00[0.00| 0.03 | 0.49
figft Nitrosomonas 0.02/0.89|0.42 | 0.59
A Nitrospira 1.27|4.63| 1.26 | 2.12
Azospira 9.0211.90] 1.68 | 4.59
S i Terrimonas 1.60/1.70] 0.50 | 0.80
| Dechloromonas 1.40]10.35| 0.22 | 0.94
Defluviimonas 0.7210.241 0.07 | 0.08
. Denitratisoma 0.38(0.08| 0.37 | 0.42
SND
Acinetobacter 0.05[0.31| 0.00 | 0.32
AN Thiothrix 0.00(0.00| 0.49 | 1.04

22 0] DUA W, B DL Hyphomicrobium |
Candidatus_Accumulibacter N=E ,BBEF L Candidatus_
Competibacter , Defluviicoccus N F o i 16 5 B
Hyphomicrobium T£ %5 117 K ) A0 X} =3 B i #) #7 11)
1. 27% [ £ 0. 25% , Mo ik S it A6 B M 11 Candidatus_
Competibacter [ FL A5 D\ 3. 14% T+ £ 6. 62%., R
WA BABRBERE 1, B2 5 R G0 rh B R 18 52 4
B, SRR GRS . %185 K, RGN
Hyphomicrobium 5 Candidatus_Accumulibacter ¥4 It
AN, AR BE 4304 1. 35% F110. 49% , B AL BR
WEBE 1458 o Nitrosomonas #IN N J& T2 A L4l iA

(AOB) , Nitrospira J& T . i T2 ¥ % 1k 40 &
(NOB)'™ ., BBt 1 (12 d) ¥ Nitrospira ¥ %+ 3 Ky
1. 27%, Nitrosomonas 1~ 0. 02% , .} & 40 3L A R
KA. BrBIl (84 ) VI(185 d) M, ixX M
KW JE ¥ BA 8w B Nitrosomonas 53 1) K
0. 89%.0. 59%, Nitrospira 53 5| 8 4. 63% .2. 12%, Fifi
T JE RSN, R G R B R AR R
HEAT I 0 SR Eh B3R . Azospira , Terrimonas |
Dechloromonas . Defluviimonas J& T HL 751 (1) Jz fiF £k 41
PR, FUEC 12 11185 d AN B BE , 33k DU S il AL TR 4 A
Xt B A3 R 9. 02% 1. 60% . 1. 40% 0. 72% T [
#4.59%.0. 80% 0. 94% .0. 08%, iX 5 Z 4t I 21l
Ik AR B A A B Al A B 52 B TN 25 BR A S 3 25
B—F Denitratisoma J& T 8 1) U 48, 2 i A6 3
J& o TEBVE: T (12 )Rz 3 Denitratisoma , FoARXT
JEH 0.38%. 7E 55 84 K, HAH X+ & F [ =
0. 08%, FI R J& 4 A HRT i Sl IX R U, s AUk
FEag i  ARE ST Nitrosomonas Nitrospira 3& Jii 3%
G4 T Denitratisoma FIMGFE , (B 75 23 B A, 1L
i} Acinetobacter 1 0. 05% F+ % 0. 31%.  Acinetobacter
) T 5 IR AU EU S AL B R M 2R 4t P ke
2 XA H BT NOS-N NO, =N & 35 T i, 1% 45 21
WL T A T 2 il REAFTE S R i ALy i fE . 78
%5 185 K, Denitratisoma . Acinetobacter F\FH X} 7 & 14
AT 530128 0. 42% 0. 32% , A7 TE—5E (1 [F] 26
THALRAEALIN S o 5340, 15 0 th R B Thiothrix , Ho
J& T 22w AR B TR T AR 2 I Ve R ik
49 XU o
3 &

@ MHRTH 12 h Vit Vit Vg N 31417
i, A0 XF COD 19 L BRAFCR 4, 7k COD e -
Y1919, 7 mg/L, #E/K ) COD F 298 R G iy L
TS AL SR T AN SR ME T T8 L PHA

@ MHRTHOh Vi Vst Vi N A1 4:6 1],
F 80T LIk B8 E W AR BEROCR , K TN /N T
11 mg/L. i /K TP /NTF 0. 5 mg/L, TN 1 PO, P % [
IR 81% .89. 2%, F HEiH 2 ik S S ik AL R
AW PR, b S kBRI R E R, &
8 R = 5 o ke S P TR S i A R A R
U AR AL | TR0 A A S A A i Rk S

@ BERGHRTHOh Ve Vit Vi M 4:4:6
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i}, A%0 BEREAT AL S B K (A H COD \NH,' =N TN,
IR AR 5 A R B, Hh 7K 2 (Ol BT K b )
15 Y I HERPRHE) (GB 18918—2002) — 2% A #rif

@ RGEREAERNNMAY FEER
B B Candidatus_Competibacter , JZ fil§ £t T Azospira
Terrimonas X Dechloromonas 55 ; i AL VE FH 3= 22 )& 18
i Nitrosomonas 1 Nitrospira 2 5% B 5 K Ak 58 B 11
VA Hyphomicrobium i 3 .
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