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Autotrophic Nitrogen Removal and Enhanced Biological Phosphorus Removal

from Municipal Wastewater in a Three-sludge System
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Abstract: Using a three-sludge system consisted of anaerobic/oxic ( A/O) process, partial nitritation and anaerobic ammonium
oxidation ( ANAMMOX ) reactors, cost-effective removal of nitrogen and phosphate from municipal wastewater was achieved. The
experimental results showed that effluent total phosphorus (TP) of the A/O system was less than 0.5 mg/L under hydraulic retention
time (HRT) of 3.6 h. Partial nitritation with nitrite accumulation efficiency of 75% -96% was realized in the partial nitritation system
under room temperature, DO <0.2 mg/L and HRT of 4. 6 h. Under temperature of 27-30°C and HRT of 1. 4h, effluent total nitrogen
(TN) and TN removal rate of ANAMMOX reactor were less than 8 mg/L with the minimum value of 1. 6 mg/L and 0. 57 kg/(m’-d) ,
respectively. In the three-sludge system, phosphate accumulating organisms, ammonia-oxidizing bacteria and Anammox bacteria existed
under suitably environmental condition to optimize the microbial community structure and improve treatment efficiency of various units.
Autotrophic nitrogen removal can reduce 62. 5% of the oxygen supply, save 100% of denitrification carbon sources theoretically, lower
the sludge production, and greatly decrease carbon dioxide emission. As compared to traditional biological nutrient removal process,
the three-sludge system has great advantages and potential in energy saving and carbon dioxide emission reduction to realize sustainable
development of water resources.
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Fig. 1 Schematic diagram of three-sludge system

FRBER Ge i A/O [ Fl D0 1 4,
N2 B A LB TS M BT, SF X IR 0 6 K R S
FHMAKERAL, 112 D E NIREIX, J5 4 D E
HEFEIX. Ptk 1O, AR 12 L
e A7) kK R 2 156 L/d, IR R 75% ,
Jei% (SRT) 3 ~5 d. B R F D B ok,
e 7 i iR iR, I RIX DO R
2.0 mg/L.

i A 2R G e A O X SR N A A D0 2
AR, KRB A HLIEEE A BT, o3 T A
E, B EANAE 4 L BB R0 g
3k, BT AR R RN ER R E N
e WG MHMEA A =18 em’, 5 200
r/min), . MR TREIR T, RS

J1, Dmsg AL B ks UK. i 2 O R
X, ARAEBN 15 L. S E ik 22 144 L/d,
SRT % 200 d.

ANAMMOX %% % Hi UASB BIZC, 2 7 %5 5 W
AHLBIEM BT, & 170 em, WE 8 cm, A A K
298.5 L. [ &S 22K E AR, I8 Ry A AL 3% 55 b
i, EARHR 40 em, H B B R G0 4 K T X
JETE 27 ~30°C. AR S — 2R IE RO R a
MRE, AR AR TR R, 84T IR K i 2
142 L/d. =758 3 5645 0 #% 2F /K Fis e 1l 3 44
K FH s sl 2 4 .

1.2 K5 JF K

TR 50 J5 7K A A T G T K A B R I

K, BARKBTEAR R 1 FTR.



2392 AN 5

B 31 %

1 RBEAKKER/ mg-L~'

Table 1 Characteristics of raw wastewater/mg-L "'

W H pH CcoD TN NH, -N NO, -N NO; -N TP
S 7.0~7.8 61.6 ~309.2 43.6 ~60.7 35.1~57.7 0~0.1 0.1~1.4 4.76 ~8.03
FHE 7.5 166.7 55.4 51.3 0.05 0.7 6.42

1.3 &S as i 3
1.3.1 A/0 L higs B 3

A/O(PRE/ B8 BN A% 4 AL B8 4, 8
Yy RE 2 BRBE MR COD, H:fp AP HE A°/0 T2
Il s e, R R S L, V512 000 mg/L.
S B e AL BR R SRT (3 ~5 d) 44 1l 16 1 'FL 2R 0 1
ARKBEEN, &0 2 ~3 4 SRT iz 17 H W, ik
TR 2 T VR R, A% R AR SRR R A Ak
REJ, 5 Ve R RE A B AL, A R Tk 1 BRI
LA TE A SRT A [W] 1 38 8 4 Jid 0 15 Bk il A RE
JBE (% 2 i, A B R [ A COD A50RAF B2 5. X
W I LA A R e AR AL TR B K B AR A
1.3.2 2GR AL SV 45 19 3l

B SR AR G 15 Ve 1Y Ik 8 s I vy 4, TR
BI5IER 2 FORERIE RTS8, 430 o J AL i 1k
158 (T m 2 0% K Y J R i A e 56 ) 4 7 il
A 15 U8 (R B V5 K AR BT itk M s e ) , A
MR ATE e 15 L, 2fakisle S L B aisilk
MLSS 12000 mg/L. % A FISH ( fluorescence in
situ hybridization ) 3 K Le.7] SRS 15 B h & B AL 40
(AOB) FI i IR S AL 40 B (NOB) A TG 22 %y
Jrgiit, AOB 1 NOB (& i A= 1y & (1) o & 0 %K
G35IR 7.90% F 3. 18% . $EFh G, W 4 N MLSS
25 F34 000 meg/ LA AT, SV, 1 SVI{E 23 51k 35% Fn
85 mL/gZe Ay, i KN #% £ 4% % DO < 0.2 mg/L,
Ji% HRT(4.6 h), i AKMUKRA—FZH, W)
WA A R ARR N 78. 9% , WA RN AR W iE 1T, T
A RBRR LS. FKSE A0 RN a3 5,
COD Ffip lLELFE Sy, A H T4 AL 2R Ge 15 Je A A
Ak
1.3.3 ANAMMOX JZ ¥ #5008 3h

A5 ) ANAMMOX 2 B #i , ZHi JH T
b P v A AR K AT SE, B R ANAMMOX b
BHRE Sy, Bt DAASILIG 4 25 1 i f v e 19 ) shad 7
LA DAY AW A S 0 i tE K AR R 1K, B 9832 B
i Ak PTG 2= U T 9 K Y T A RE
1.4 SrtruiH 57

IR R AR Y K BT I 43 A 5 vk 2 L ST
[8]. COD R 5% FR 41 % 5 2 0% F 40 IR

ICHEE: s TR AR TR N-(1-2838) -2 40
N 5 TR AR T B A0 L HER s TP R
B B 20 66 JE 3 pHL R pH 9 5 X (I
WTW) s DO Fefi] DO M5 (X (H 1 WIW) ;31 e
PR B A AL SE % (B CaCO, 1) s MLSS R &
k.

2 HRE5IHR

2.1 A/0 RV ArisATIEN
2.1.1 ok TP AR 4b 5 TP LR

WGk C/P 2520 (50 ~100) 1, Xf - HLaf
PR RGN S, WA EFRE L, 7RIS
AP B BRBERCR. A/0 J#% HRT 24 3.6 h, MLSS
¥I{E 2R3 200 mg/L, #EHK TP A5 {b 5 TP X B 240
B2 fros, K TP k4.7 ~8.1 mg/L, ¥{H N S5.8
mg/L, K TP 785 sh w1 shig K, B4R 0.8 ~
3.3 mg/L, %33 ~5 4 SRTiZ17 /8, HK TP &
FEFE 0.5 mg/LULTR. TP 2Bk oy L v w1 1 1) 80%
LATHE R 95% UL b, BRBE e TA5 504 W i A
Wemk T2, n A>/0 .UCT MUCT . JHB T. 24%. A/0
B2V A DR AR B Pl T 0 A I A 2R R I i 2R Y R D
JUAS B IR A X AR LULGRUE , [F]A sk 00 T 5 SR B b 4 25
MR B SRS ARE R 9 & A= BT LL, JROK & fn s
R AR AL ff A ML, R A SR TR A L b G A R
B, e R R T A8 AR W R Ak i A F
SR AL
2.1.2 7k COD 254k 5 COD %%

K COD 54k 5 COD LR 3 s,
#E7K COD 3k 61.6 ~309.2 mg/L, H7Kk COD Jy28.2
~84.2 mg/L, $¥J{H } 46.0 mg/L, COD 2[5 ER K&
SYFE T0% UL . 7K COD s23EsK COD i 3l 1) 5 i
BN, IR BT HEK A AL R o AR IR A R
THERER, 3N A AR S R R 4y b i COD, AU
YER, EARAE#E K COD B g il S KB L T, i
/K COD ¥fe R FR R K7, H A Sy w4 Ak I fi
COD.
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R IZITE 51 d w, SRR 4T,

TP F1 COD ZZ k% L&l 4 fros, #E/K TP 2 5.9
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DO Xt NOB {14 #1 #i nf F 35 Jo e = 55 4 Jit B R it
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2 AOB R iy 0 B Y. i 3017 75 K & AUk
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F A LR w1 NOB 32 I B &5 #0461, M 1 1 0 Al
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2.2.2 BSBIiTEESEUEL

HEFRAEITE 60 d i, WRIEEA T, S
JEK IR BE Ry 27.4°C, pH {4 7. 62, NH, -N¥k JiF H
42 mg/L. ZHUEAG WK 6 Fron. JFEAKIEAN 1
AP SRR R, 24 AR R 5 AR A B R 2R W AR
NH, -N .NO, -NHINO, -N¥ & 4354 29. 4, 10.9 F1
1.2 mg/L, NO, -NEHENK 90% . IREWESIKE
TR AR L B b, NH,-NZ % A, NO, -N Al
NO, -NZ @34 hn, 5NO, -NK &S inAH t, NO; -N
BaE RN, TR, BN AT AR pH (B RN B R 38 R R,
1B B i 5 NHL -N [ G (B R 6. 26, /NTF 338 (H
714, Al GEGE M T AR TE R AR RO B K T
ANAMMOX ( % b 45 i 52 20 FE B it 58 20 ) =k s il Ak
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2.2 mg/L, NO, -NEHZ % 91.4%.
2.3 ANAMMOX JZ ) #8517 1500
2.3.1 k=R

K =R A 7 Fros, ANAMMOX J i
Z$ HRT Jy 1.4 h, #/KNO, -N/NH, -NZj 2 1.0, %)
B FH WA 20 mg/LAE Ay, B A 35 47 B[] (14 48
B, ZHWEEZE A, FREETE 10 mg/LA
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NO, -NfR LA S5 i LB, ZHWEEE AL 0.5
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MR AE N ANAMMOX B () i 845 B HIESE, 0 ~ 30
em R IEL M, 30 ~ 120 em A B 2R AL 6,
120 ~170 em F: B 2 HE 21 (0.
2.4 =I5 AGAFEEE

B A E AL ANAMMOX B 3976 4% H 4l
SN A S FAR A R A A, e T AR E T, R
TS PRFEE, $25 T4 T 2 oAb B R, fif
53R T T5 7K B 5 I 0RN 5 Ak A ) Bl A5 D[] B 5
M. =R AESG K COD,TN. TP 5 COD TN, TP
FBRERE 10 fros, Hk COD TN 1 TP 43 B 78
30, 8 F10.5 mg/LLLF, ¥3k B (V5 K Ab 3
15 Y HET bR E) (GB 18918-2002) — 4% A HF ik b
fE. COD BRIy 85% , ik F] 1 94.4% 5
TN BRI E N 90.8% , Fimik®| T 96.1% ; TP
EBRFEIHME N 95.3% , F ik E T 98.3% . JEAK T
Al AR LR ff COD 3= 2 4 DR S0 R s o A, o 4% 20
i COD £ E AL LBk, D34k, 76 ANAMMOX [
RigsH, COD WG 5] 20% 72 47 ¥ AL M , (845 K
COD <30 mg/L, Ik T & 4¢ I A& B 9% 1. 2 i 7k COD
. T RE TR AL-ANAMMOM T 25 [ 33 B A&,
VTR — 2 0 & R A R WA R R, i LG W A
R PI, SEEAEYRARE TZHE, TE 2
> 50% DAL B RS R L B 1 I AE, BRAIE T 5 K
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P TSR T AR QW E 45 4k 3 B 5T AR S 17
U AR O S B U B A AR, R B A B T A
FON g i A B

4 Hig

(1)A/0 R %% HRT 3.6 h, TP LG E =
95% ; YW AiEfk & 4L HRT 24 4.6 h, 7% i .DO <
0.2 mg/LAZAMFTELIT WA RBRERN T5% ~
96% [y W A5 1k ; ANAMMOX Z 4: HRT 1.4 h,
COD E£REL20% , TN E5E=90% , TN £ 7
r ¥ {6 K 0.39 kg/(m’-d), f ik F 0.57
kg/(m’-d).

(2) 757K COD/TN F-X{E Ky 3, Johh o
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mg/L TP<0.5 mg/L, H 7KK Bt F 3k 51 5 7K &b
BTG g Wy ARk bR ) (GB 18918-2002) — ¢ A Hf
AR

(3) A4 55 > WA b -ANAMMOX [ 5% i & T
ARG K, Rk A A E M A, 5
G A T2, A ZED 50% LA,
T A I, W T B AR, BEAR T U5 Kb
MW s T A, =508 R A /N 5 h LS —
FE R, (R SEBR N FH B3 TTIE K A 3, iR T S —
H WA 55T
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