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KB IR TS KA B 5 Qe W HE PR UME ) (GB 18918-2002) — 2% B bR, %2 7k WU g i T 41k ve T
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#E) (GB 18918-2002) — 2 B hiifi A HAn, HIK =1 SRR BEKKER

RIS N AR L AT Table 1 Water quality of experimental influent mg-L™
N ) } L Z

o SR a 110d, WIREREER, dokokim AR cop NH,“N ™ TP

A 18~20 °C . Ein| 126.2~227.0 159~29.1  20.3~364  19~34

1.3 EMmEREN FEH 167.1 219 27.8 2.8

KA L 0.45 pum 8 B (10 57 W) 3 U8
J&, COD. NH,-N. NO;-N. TN. TP 73 jll>R FIPE I i o OCEE . g QR o Bk . 4
Sy OCIGREET . B I B R BRI AR A A O EE L L AR B A OB EE VR E N, 2500 O 4 AR R T
T o SR PR f 32 00 2 35 Ye o i MR MLSS, 3l 3 SV, M2 5 Ye R RS 2L SV, R 2 S UK it
K A% (W 75 HQ30d) 1Ml 5 DO K ORP {H .

14 SRBEESH

ZWIri A0 T A AEAHe R 00T, 38 i 547 BT 75 e TP & & filke B 15 e S i 3s i, 52
PR G ] il B AN T ER R AT AR B T 22 bR H AR, AR B ER S T — il B faoe 1817
By BE B TS R TP & 8 MO RTE B8 1 -

PR 5T H V5 PR A [ 2 7 1 SR FH BRI s o 00 £ 2H 442 13 ) SMT(Standards, Measure-ments and
Testing Programme) "8 2, Z H BB 8 SR, 6 58 (TP). A PL#E (OP). TCHLBE
(IP). JAEWE A KA TCHLEE (NAIP, Fe. Mn. AlZ54H00E). Bk A1 S LHLBE (AP, 5 Ca %l &),
K FHEH R B 4356 BE 11 I 2 4% 9 B8 BUUR v il
2 ZBRESWHR
21 RERBEN

Jet Bl 55 25 WA E) 4 S X 75 e S 80CE AL i 1E] 3 i o PR DR SR sl ST It X 38 7 e LR I AT A —
AT 480 DX SR A RS TR BT VR R i nT S i T2 At 5 R S ECE A . B RS RS 4R X MLSS
2136 mg-L™", PHUCHE X F 1045 2 B k15 RS B, SRS T5 R E R, JHheE 23 K
A X MLSS EFRE 1500 mg L' /24 . MEE SIS e X W R R LGN, RIS g b
T, BEhER 2 dEHAX MLSSKE & 1 876 mg- L', SC d B H 15 /K ) &4k 18 1Y 3 Fh s IR
SVI ik 145 mL-g', A FREMIRE, DiFEMaEZ, Rk 41 dJE A X SVIFEE 107 mL-g ',
DOREPERE W2 kst o X R T 28 (Rl s A 7R =T A &80 il i e g kU

Fa s TS AL AR AN 4 TR o K COD A (40.3+25.8) mg-L™", K843 i ] Al ik 2] g
BRI K A BTG Y W) HE AR HE ) (GB 18918- ISV, e MLSS —o_sVI
2002) — %% A brifE. 3BT 10d, K NH-N SR T v B
J(17.7£3.3) mg- L5 45 11 K 7Kk NH,-N e 2000 |
TREE19mg L. il fBCR AP i K15 45
TAHVYAER IR A . A XA T w5k
B, JF B 7E A X d 28.2 h B 7K Sy 45 B3 ] Sy
Bl £b TR 1) 2B PR RGP PR B PO R A AR RIOR s00 10
RERE T, H K TN Bl S A A i &/ FE A 1
SR RFEE AR, B sh 17d )5 H K TN Ry (8.8+ 0 s 1015 20 25 30 35 40 °
3.6) mg'L™'. TP AL AN T HABAE bR, J& 30T BT E
17 d 7K TP F 0.5 mg-L™', fH £kt % H Kk - & 3 Eﬁﬂ,ﬂﬁl‘ﬂﬁﬁgf’_ﬁﬁ%ﬁﬁﬂ .
TN (WA . ok TP 51745 18 TPl ok 30 |- Fig. 3 Changes of sludge parameters in aerobic

zone during start-up
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Fig. 4 Change in processing efficiency during startup
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SR LR R S 4 480X DO B % (2.6+0.1) mg-L™", R4 X ORP fH A2 E MR T—-150 mV, it /& PR SR8k i
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15U M L E S BAL IS BOSE 7. 24 R 41 Kk 14 43 5B 22 12, 9 M1 7, IS U NO,-N
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Fig. 5 Change in processing efficiency during parameter optimization at 2 m*-d™’
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BOK T HEPETT R

SR AL A T2 A BRI 6 ik, Hisk COD. TN, NH,-N 4348 (26.1+12.9). (7.3%1.6)
I (1.2£0.6) mg-L™", 5 2 m’d (AL A7 ] KR BOAR 2, B0 ik 2 CORis Ak Ak 3135 Je W 4k
AR UE ) (GB 18918-2002) — 2% A #rifi . SEALIG 5 14 KK TP FEE 0.8 mg L', KBRRIETH
£ 7%, WRAT 2m’d" IR TP KERFE,

SRS 895 14 KT 1 BN 3 B s Qe e BE R T AR A2 AL o 78 20 min az A7 I, 20l
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Fig. 6 Change in processing efficiency during parameter optimization at 3 m*-d”'

LR 3 B BE (4 min) . ¥5 PR TR I (12 min) A5 JE DLRE A Y] (20 min, B R JE A 45 SR ) R 4R
TIX A2 X, B TIXA2 X EFZE . R IX KR K K BRAS Ak, TR 2 227 B A [ 0 B Bt
(4 min) 25 BEUWTRE KT . HA R . SLEITIIX T2 KRR BRSO B — SAS K I LR 0.1 m At e
PIEO01me HTFZEri A0 TG Je AN FE AR T4 BLiE PRI e T2 07, Wik, Xfit
K5 YRR A B 0, 451t 75 Y ) o o Tk B AR AR /N

PR AR XK S AR AL an 1] 7(a) B o MRS RT3 B B b — R A 2E K 2 8 LR HE A E R T, v A
JRAIX, KA1 X TEM2XTER COD 45K 42.6 mg-L ' A1 383 mg-L'. KM BELEBE & KA
P A B AL S B i E AT, TRE& 1T IXR 2R 2 X R 2 COD 43l B %8 28.1 mgL™' #1254 mg' L™ . 2
SR BORE 1 X EJEAN2 X )2 NOy-N 40l 8 3.9 mg- L™ 1 0.7 mgL™", FEML T 3.2mgL™". UL
FEBBER A T X B2 AN IX R JZ NO, N 40 I FEAK 2.1 mg- L' A1 0.9 mg L™, FHRA | KERAKX
Ji U N B X e, BRI S B R AR 2 X R TP b 4.4 mg- L', BB HL IR B 157.7%, 5 25 Y
R W T SR Y TR Y BE T IR A X BRI L S T4, R R R X, BEEE S IR 2 IX
T TP ik 8] 9.7 mg L'

il A8 XK 5T AR Ak G 1A 7(0) TR o BRI B Bk AR 1 IX )R R 2 X JZE TP ORI NOs-N 43 i
21, L.1mg L' F13.9, 3.0mg L, W J5fE ik B 43 5 T F% 1.0 mg- L™ F1 0.9 mg- L™, S A B @ ik
L BRI B 5 A IS LLAPO, ™ /ANO;™ =N =1.27 P A& B il S0 XA . LU A9 A 111, 3 Tl 4 X ) 1
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Fig. 7 Changes of pollutant concentrations in each district during period of 3 m*-d™'

F B A A A R e R AR, [RIBAEAE IR RO A B . DORE B Br B4l 1 X 2 TP R NO, N
I AR 0.7 mg- L™ A1 0.6 mg-L™", FEHAHAR 1 X2 F 2/ I i fb BR i 37 Fr o

R XK AN 7(c) Fin. BESBBINH, N 1 3.2mg L™ [£% 0.5mg-L™", NO,-N #13.0mg-L"
TH&E 55mg L, SRR, COD 172 mg L JH & 314 mg L', HFEEFK IR XK S5
FARTRE 2 18.8 h, #5430 % T 1A V5 e A6 B AUl B vh S04k 40 i B A LA B, I 28 a4 IX s e oy e
A RS ACER A T B . R T SR TR oA B YA T B R DX Y ST AR BR W R AR, SRR R fE
w AR, TPAUH 1.1mg L' FEE 09mgL ',

it A [ 9L A 300 9 R K T AR Ak i T 7(d) BT o K R A ML A R AR IXORN B AR IXTE AR S R R
124 mg-L™", i RIER 4> A 15 Je W A A o i, AP AR X K3 2 314 mg L' IRAAUBERE 5 IR AL IX
K TP K 44mg L™, AMEEISIES TP h 1.1 mg- L™, AR5 5K A X k% 9.5: 4.5 lIRAI
A BRAE DT, PR U X R 7K TP O 2.1 mg L™, 28 SOl Ak Bk Wl A P a0 41Xt 7K B %2 1.1 mgeL™,
Bl A8 XN W 2 BR A TR R N 83.3%., TR IX /K NH,™-N g 7.7 mg-L™", 7EAI 1 75 U s B4 i b /b
HRMEVER T, B X Kk NH, N B ZE 32 mg L', 24k VE R 48 X K NH,-N #F— 5 [ =
0.5mg L', 45X K NOy-N Ky 5.5 mg L™, i & #5 [B13i ¥5 Ve ([R5 LA 9.5) Fp [l vs e (1l
bk 4.5), NO, =N 7 ] PR AR X AR S DR A7 I /Uy, DR A IX PR R it 48 IX PN 25 R 113 NOy-N 43 ]
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H32mg L f09mgL", REIX ., G X XTR BRI STECR 2 518 62.7% . 37.3%.

Zi b g, REXSEIA N AR SRR FR, RE T REEEHADGE; RAX A
A REA R, HERBENA L SIS E R, R RG E RO, A A X E R A R N A AR
B NH,-N, EEASZIH T ZMIrm A20 T 43544y XI5 Qe ) =R h ik .
24 TRINERBMNRESEHRESE

HIE sk, [GERRRE X D mEreieimie, BaHhREAaEde, K TP A (2.7£0.7) mg L™,
JE KRR KT 1L.o0mg L. AR BB i is e S &k 2 fion, A, B, Co il hitKE
2m-d BRI G . 45 (53 d) Mgk K 3 m>-d7 BEEAL S5 TR (14 d) B9 25 B T 0E X5 TR AR
3U3I5 URAE i TP &% 500 23.45~27.99 mg-g ', B PUELHE X V5 e TP % &P 3MH (15.9~16.2 mg-g ") H
60% PV, R EIRE T 2P A0 T AR T HA T2 R R 975 R AR 1 . Bl & B
[ HERS , BB is e TP & WA ARE &, #KE 2md' ZEIEE R B) B2 m*-d! 24
RALTF IR (A) HE0n 1.87 mg-g™, #F/KHE 3 m*d”! SERAL T (C) % 2 m>d SEMLALEE R (B) H5m
2.67mg-g’, UAIX MLSS H 1876 mg-L™'(A) #£ T+ % 2 450 mg-L™'(C), H{ w5l TP & & M5 e
AN R R G T RSB A RT3 AR, THE =5 R L 4R R SRR
BT, HHBEE B RS, KEtBNEDHERA R Fisle g B4 H, 546 VEEH XI5 K] B 4k
FoAR W55 B0R

*2 FRAMBRBNRESREHIERSTERERE

Table 2 Phosphorus content in per unit mass of sludge at different stages

FES TPAmgg") IP/(mgg') NAIP/(mgg') AP/(mgg') OP/(mgg') MLSS/(mg-L™")

A 23.45 17.46 11.46 6.52 4.62 1876
B 25.32 19.25 12.59 6.52 5.62 2368
C 27.99 22.36 16.69 5.54 5.11 2450

IP & 5 e b S i F 2 AFAEIB A, IPAE TP Y o5 U oh 74.5%~79.9%; Tl NAIP NI & 3= 22 o HL
LA, NAIP 1 (i [l R 65.4%~74.6%. AWFo, X 2 fa B8 b te S BN 8Os KT 34y i s
T 25 R — 8O, YA B2 S SMT B 25k B UM DG 4845, HOMRERS LUK
fRASBETREN BN, JF Y . ARG AEYAE KR MBS, il4E RUBAN S5 2 7, AW
A R0 T T NAIP+OP FH B 1345 o AR 28 46 v B0 Jo dak ¥ DR 26 0 A 80k o TP LA 68.6%~
77.8%, FW] ZR 58 K4 (B T LU A W R, T Sy B B HE il %) 75 108 388 2o HE AL 512 90 9 U5 A6 R
RS %

3 g

D) Z i A0 T2 8 shizfrfa s, Hsk TN, NH,-N Fl COD Fa & ik 8] (Isis K ab B
15 QY HECPR HE ) (GB 18918-2002) — 2% A i, LA SK L . 15 IR MR LSS5, I RS
PR IR EORWE A S R AL B B PR s . MK B A 3 med!, RUKEE N 20, SR LN 4.5, 1518
SRR A 9.5 BF, FERGEAHER WA T, HK TN, NH,-N fl COD £ % ik 2] — % A brifE,
TP Fa 2 I8 8 — 4 B brifE

2) ZH iR A0 T2 W B i 15 e TP & B4R FE 5 /K | 389K 7 5 60%, HF B iR 1Y
fiWEAE F1, B B RS e TP & AS IR E N, R o E RRiits, R TETH
T A 1 K B A P
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Optimization operation and phosphorus removal characteristics of multi-stage
baffled A’O treatment process for plateau domestic sewage
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*Corresponding author, E-mail: gc-zhu@seu.edu.cn

Abstract In order to explore the low-carbon treatment process of urban sewage adapting to the plateau
environment and discharging the stable effluent that can meet the standard, a multi-stage baffled A°O integrated
pilot test device was built in a sewage treatment plant in Lhasa. For the actual sewage, the nitrogen and
phosphorus removal performance was studied during the start-up and parameter optimization stages, and the
phosphorus removal characteristics of the process were analyzed in combination with the phosphorus content in
sludge. The results showed that adjusting the process parameters could optimize the reaction states of anaerobic
phosphorus release and denitrifying phosphorus removal. when the water intake was 3m?-d”', the gas-water
ratio, sludge internal reflux ratio and sludge external reflux ratio were 20, 4.5 and 9.5, respectively, the process
ran continuously for 95 days without excess activated sludge discharge, and the COD, TN, NH,-N and TP of
effluent were (26.1+12.9), (7.3£1.6) and (1.2+0.6), (0.9+0.1) mg-L™", respectively. The main pathway of
phosphorus removal was denitrifying phosphorus. TP content in per unit mass of sludge in multi-stage baffled
A’O process was 60% higher than the average level in Xizang sewage treatment plant, and it had stronger
phosphorus storage capacity. With the increase in the TP content in per unit mass of sludge and sludge amount,
the total amount of phosphorus that can be stored in the system continued to increase.

Keywords  plateau environment; multi-stage baffled A’O process; nitrogen and phosphorus removal;

denitrifying phosphorus removal; sludge phosphorus content
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