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RERIE LZEA SIS b sy AR m AL, T, ASCURN RASIE T AL
L CSO V5P TIRAMNGY, g%/ MK, RIS RO SOV A5, B EZ T 2% CSO HAly5 gy
VIR EBRGCRAWLE . eoh, Dl R A CSO AR s, LARBUl R imiis
I TR G, B AR SRR AR BB TR ek, DU A & i i i Geh e (e s S
FARMAE
1 MR5RE
1.1 SKIRAK

1) BlI5K . ZIES] CSO KBTEAEE . RAFITAIRL, Z7555bR CSO {5 FIE N AN i T Gk BTl
LU RIS K . SRITAR AR RS . e . SR B . SALENFIBRIR 3 I COD iy
150 mg-L™", SS & 150 mg-L™', TP}y 3 mg-L™', CI'Al SO N 50 mg- L™ fyBilis K, UHT 528 %
/MK

2) bR CSO 5K B A RO R, 2K 20k A Sl HHKEE, WSS XS
K AR FIRERIAR S, AMRHKCRIEIETE 4 °C Tfra ], TR AU AT, S8R
CSO SEFRGAKBTILE 1,

R 1 ARBRERRSRIKRFHE
Table 1 Water quality of combined sewer overflows sewage

oAl pH SS/(mg-L™")  TP/(mg-L')  COD/(mg-L™") UV,s/(em™) Cl'/(mg-L™") SO, /(mg'L™)
Ju 7.32~7.55 36~76 1.77~2.63 63~192 0.0897~0.1796 28.10~51.81 36.77~50.13
TIH 7.44 56 22 1275 0.1347 39.96 43.45

1.2 IWRESHA

1) IREE MRS . B 500 mL /KFEFESFE AR LA TIREERA S, T 1 mol-L™' NaOH ¢ H,SO, J# 15
W pH, TREEFE RS EE (PAC), BhEERI vEH RINGELE (PAM), TREEFET N : A PAC i
2 min, #4200 rrmin'; FEHLA PAM 121 10 min, #33#°5 50 r-min'; #HEIIE 20 min J5 BRI E A
Ko

2) RAA/NRSEE: . SRAINAS 40 mm. 55 500 mm BA PLBER N AY, EESMALERIR RS, KERAT
J 500 mL, BFAEE AR TR A A AR (3S-X10, JtRtFIMRBIARA R, ), JEAT R R ek
FERIRA; F R AATEZRIREERINY (3S-15000, JLat[FMBIHEARRA R, A MLtk 7T~
et (LZB-3WB, H XA TAERATRAF], o E) BEHHERE R 0.5 Lmin'; RN REL
KI W /NRSEge i S 3 4717,

3) RATE TR . Wi — e U PR N 1, SEAbKE R | m*h', BRI
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Fig. 1 Diagram of the integrated skid-mounted ozone flotation equipment for CSO treatment
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R 6 mx2.4 mx3 m, PERIBIAHN 3 mx1.8 mx2.5 m, ABUKGN 2 m. WER IS ERAIL, 255
BINEATT . RARA T, FRARSAA TR AT, SRR R AR A4S (MB-S-F100, &t
AR RARHCARA R, PE) BCERIENL, REEN 100 gh, REWKEN 90~135 mg' L', PAC,
PAM RAVNEEA NS, RV ETTERRE RV kX s ATEAX, SR JEi A s
X TR BEEE AW TN T2 RERTIAIEARNIX, 5 PAC, PAM Hil2R5E, -5 R
s B HEAFMIX, FESHIR A AR RV A B B B8 )e I ARILIX,
TED AR CRALSRRE A, FEAMMPRHAEIRA ], E) R T LBRA ALY, RO K —
AR R RIS A, R EIR RAE—m AN X, S RAEIREE R RN o) — 85T
SMREFER T MRS TR, SR 129, WSUKERIEHE AL i ar R 4R 5k
AN ERRCR, Fikam RATB AR Z AN, AR E RAABIR TS HE . B fElEmiiiang
11, REERIER 1 h, BUCREERE 3 AR
1.3 KEDHHTEE

SS RHMEHER /K BT/ (DRO00, MaAyA ], ) MWE; TP R GRS - FHMR e /-t
WE ; COD SRAGHN A CEETEINE s 2R5M-1T WOGIER SR Iba OB T (UVS900PC,  FIETeHH A
HBRAF], HE), FHK R 200~500 nm, [FHR 1 nm. =4EROERMTEOCERAY (FS-5, & THAERA
A, BEE), KFEZ 0.45 pm SERREIESE EHUER, MaikMes BROEDITH LS80 AN K B, Ak S
P B, B IX ] 29 220~450 nm F1 280~550 nm, FIHHEIFESR S 5 nm A1 2 nm, B4k 5 EE K
5nm, FIFHZOGX AL (FRY) $E 79O R 2 i oL,

2 FR5ITR

2.1 SREEMLIE CSO #EHliTK

HERIT T ROV S HREERCR s, A wlh pH AsZmZE R 2(a) Ui, KA pH 2051
W 5~9, SCEG RS pH=5 B L RIE SR IARINAL, 7F pH BARET 22 ARNSR 41/ N H43% , i pH %%
R SE, HIV R pHAYA BT R, pH (X SS AMFSICRAEE, pH 7E 6~9 X5y
PregmiA g%, HF pH 78 7 2GR R AR, H3Pri5K pH —7E 7.3~7.6, FHIERZU0E T,
JEEHREECR M pH=7,

WESRIE (15, 25, 35 C) MRREERCR A AN 2(b) Uin. REXT SS RERFEMIAK, RFFE
90% LA I, COD EBRRAMMBE NINA 1.2%, FEFEMER T 6%~8%, TP 7E 25 °C W LR T
15 °C 135 C. XIePF MK SEON TGS SIS, KIEEEERIN . PAC /KEER I, LRABNIAEL,
NGRS HAURAS 2% o SRR R = i LR KRR . KRS, (HREERITE R T 20,
IR i AR IR EE ,  OREES RS AR 25 °C Tl T,

PAC 5 5 % VR 8 RCR A 52 e 4n &1 2(c) P o SC B i B PAC #fin i 40l i 20, 40, 60, 80,
100 mg- L', AR AT, SS G345k 90%, COD EFRFRIE 10% LI . TP EBRSURZ PAC &N
(RZI i Bl PAC BN, AN 2 H 2RPUR R %50, TP LB R 2T RIS, 1
PAC #ini ™Ay 80 mg L' Bk 59.2%, IREIHBINER/ NG, REANTHEERI B, L6/ NHE D>, 25k
gy, MELISECEUMBREERT . (H PAC ol KRy, BERACRM TR, X5 EL SAMRANI 287 155111
SR DR TR AR S B TR S | RARKR, IR . TR A R iR
BT, kR IE AR S Y B AR . MELARAE, SUmiElEs TIREERCE, i PAC fad i
B2 80 mg-L™,

K PAM A BHEER, SRACMBREERRIERT, nIIGEZIRMIE MR, AmiE—E4m KOk .
Kl 2(d) F7s, B PAM HIN, #S4abr b DIbEHOR B3, (AEURMIEIER, TIRFEEE I mnte, TR
BURIFLRET:, — @R AR TSI 2BRascrt, SRMBOS & PAM A KT, Bnsh
2mg- L' B} SS, TP, COD HEBFHRIIHIN 98.6% . 63.5%. 12.9%, HHL 2 mg- L™ 1E4 PAM fodE i,
22 JRE-0O, SLREIZAIE CSO fRHlisK

It pH XHEEERIA O, Ffk CSO HHITE KA BRI HL AN 3(a) . EAMSEEN, O, X
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Fig. 2 Influencing factors of the coagulation treatment on CSO simulated sewage
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Fig. 3 Influencing factors of the coagulation-O, synchronous treatment on CSO simulated sewage

VS pH HAARSRIHES, 8CFE pH A 5~9 INFFIRSEES . FRRRPESIF T, FEURGER A eeetE HiA b
YERT, 8 COD Z:pr%iifik. Wi pH FHm, TEBRPESNE T RO R R N OH 5 A i 2y AF i S8 A
)-OH, COD ABrFEH B4R, FHif— LI mia pH 2 8~9, T RN P AE K& B R If A B
KU COD EBRFSM g, CSO PRk pH — =, i pH AMEEE.

RERIEXT COD KBRECRAIFZMIANE 3(b) i, FEHliE<EN 0.5 L'min', RERESHN 5 mg L™
110 mg L' (B RAASRANHE N 2.5 mgmin ' F1 5 mgmin '), 7EARKIE (5 mg' L") &R, COD st
ALK, 60 min BAF 63.8%; TEmMKEE (10 mgL™) 45T, COD LB EG BTS2, 60 min
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IHAF] 84.5%., RAWE N 5 mg- L' &4 F COD. TP, pH BN AT IBBL A0 3(c) s, AL,
KNI COD J:BRaRblt ] 3G iAW 5, P4 3R Py B4Rk 2 B COD RYRRTIAIZR, 7 70 min P
COD £BRFRFHE 79.5%, {HBE O, B A48 @ i i 0B Wik 555, COD ZLBRFE 2R AR, AR
120 min F2E 2 83.7%, ULHHSLHT IR B2 RGN R, S 5B HEEY MR —2, e
i, KR pH SeFINE TS, TP LRt 2B RS SORER O, RMERA VLY Bk, TR IR
ff kN TR PRSP R, RN AT 2R, AR pH FRE. #4keedm o,, ik =Hrwkit
—REfRR CO, M H,0 46, 1RFR pH [HTF, 11 TP ZBRECRHZ pH semith bz Ak, Z BRI ALZ
P9, RER R SPERT AR, SV 30 min NSFEAEZEBR 1 mg COD 5 ZiH4E 2.18 mg O, IHLAT
COD ZZBR#%A 45.9%, U AEI 30 min, 25 FAmd, SRAEIRESGNS T 2MEaa LS80 pH=7, #
W, RN S mg- L, KJWHHE] 30 min, PAC 1 PAM #5354 80 mg-L 12 mg-L ',

2.3 JRE-O, SILREIZAIE CSO EhRi5K

ST SR, TERGE R BRSO, F LRI AL CSO SEBRTG/KINRER, 3 BRI Rl sE |
“HUil O, Mk, BRSO, FAL FIREER O, Ak 4 FibHira, LIt 4 pis, LA H#3
MYREG IEWOHRG OB il O, LG, TR O Bk diss b, fif
1% SS AT FIE; SEIREES O, FAb/E, WRNETERIEMAEIERR, JREES ™ LR IAYHE AR O, WL, A~
Gy LIFBAG 0 IREEFE O, A S BT E % R 05 TU0E, FISHissss.

WE 4(a), Hh O, FAfbx) SS HPRACR i, Hok —Fb Bl S5 45 T BN, SS LR
75~78% Z 18], WFF R ER, MR LR N 74.8%, SEIREEE O, BALEHY TP £BRN 52.2%,
RTFREERE O, FALALIRAY 73.6%, SO Rim K o 0 0ol i ad 2R 0 W 2R VR 5B, 1T SR 4R
FIBIN S BUREES (K> L AT S EE MR, 2l TP ZBRSCRAISS . XHTAII G, BiREEt
COD EBRHN 37.9%, Shrig/KA ARA S A VI 7E B RSk 2w, BEREE SR e —I 2%
Bro B O, A fbimid B R E LA ML, X COD £BRN 39.7%. JeiiEEG O, E 4k COD %
BRIRN 40.2%, (B TIREEFAS O, AL 57.9% 5 “IREEFIA: O, FALHIA T 2% COD ZBREUERAHE T
MTREEFN B E AT IR T 20% F1 18.2%, v SR SIREEZ MIFALE MRS RIMPER, PAC SHIK ™
YL O, srfigr =L B 2R VEETR, A EBRECEI B BN, IREES O, RILAA R HE
X CSO SpRig /K MRS M EGRUR B, MG T 2ASERTH T AV ZME0R, WA EEs . Pk
LbFE CSO T57K3F HEAHE A H 1.

IR T LA S B 7h-nT WOEREUNIE] 4(b) B, AIOL, ZRPApiRERAb B , 4505 BEWOCEA BIr I,
HARERMEAENY) S BN UV,,, EBRFRN 40.9%. 2 0, Fb)G 240~350 nm I B NG RE AR &,
ol O, AL AR EES O, Ak UV,,, RN 52.5% 1 52%, TiiREEREIME O, A LXt UV,,, EHF
9 63.8%, AN SEORE MR, X5 MIFRER—8, O, B EMTA YL A Y AT
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Fig. 4 Effects of different processes treating CSO actual sewage
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Fig. 5 EEM of the CSO actual sewage before and after treatment
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FAfERUE Y 3. IR T A0S, W A 1§ B g C {4/ LI NIk, (HEBRRA
Fe HA O, AL SRR IE W HIES, O W ARRIENE, I RARES A S BRI Y .
E 5(c) FIEL 5(d) XFECARBR, TREES RAAREA T2 e S AR B 5O Gt B s A &, i fE v e
ML 25507 TR EE S5 AR G WARE I RROR . 2015 XIZ FRI 20 XAV 45 L
&l 5(e) MK 5(F), #E T 2R IHOEIRE BN 95.6%, FHECTHiREER s SR il
T 43.9% 1 4.5%. ML UL, IRETAMIEA I RBRACRARR, mRAAMERS T L LA MES
MU SR
24 RESFEEHIIENEE

E1XF CSO SEFRTGAOK IR R, 25 AR INASE RIS TR R s, A B E— Rkt
MIRARIFE . WEBEG IR R A RRARE, A 2 AR, 45k S X S A
fil X SRR A TR, DA ARSI A R . 78 B R PRI AN T, il [l XK
AR AR R A AL, KA R R, SRR AN, Wk R AR s s e . M
BRI, MRER S AR . RAIFR A B TR SEINT CSO {5 HL BRI ILA 6, AL, Ji
AR SE R, SS. TP, COD Fl UV, MFXLBRF N 81.8% . 75.4% . 61.7% F1 75.4%,
LA EE J 9.57 . 0.52, 37.05 mg-L™" 1 0.034 cm™ . PAESERBIHRE IR T 2% CSO S2brys KA HEg
R . FEFAHRIRIRESIA R AR ], TR FIRMSIE /MK, BRI AR A R A
AR R AR R &, AR Tt
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Fig. 6 Removal effect of the ozone air flotation equipment on CSO actual sewage
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BRI B T A £ E i 2550 S s A L FELL AL, 25 AR PAC Al PAM, A MK 2550 2% N
02 7C-t"; FEHAKARERERY, HFEN 3 kWht!, BHELL 0.5 0-(kWh) ' 31, A5 0K b B A<
J 176t KT ESMRER CSO“SIE-H 7R AbBR k22, BT, IR R IR B it A R
CSO V57K, HizfiARZ N 0.3 Jo-t'%, (HiX—J5k Lk COD B IA R, RASTHEN —FimE it Ir
i, 7E COD LB mEA B ELBRM T, v s R REE S . RAAFH G K = st
045 T2 2B T AR
3 45t

1) /£ pH=7. 25 °C, PAC. PAM #3510 80 mg- L' Fl 2 mg- L', RAEWE N 5 mg- L', ST
] 4 30 min 254 F , TR EE-R AR A AL B SEPR CSO V5K SS. TPy COD il UV,,, £BRF 451K
77.8%. 73.6%. 57.9% 1 63.8%, COD KFRACAHF T SR BE A FIEp il B AU A o I =5 T 20% i
18.2%, SR T H— T 2ZMRFRYE, Sk e BARrI PRSI

2) REE-RAE RN T 2% CSO SEPRIG/K I IR EHIERA 95.6% , FHAEE T EAAMTREE R AAIR 4 5
AR T 43.9% F1 4.5%, TREEFN R A SAAIES A MU RE AR T e RIVER, P RS
BRI A DL

3) R F i = AR A AL B €SO I5 7K, SS. TP, COD AUV, F- 1 22 BR 343l 81.8% .
75.4% . 61.7% F 75.4%. Zie T2 BAREECRE . birhdifad . TR | SR &1
PEOCRAEILE, B R4 TR TS, WA GG AUt s%

2 E x|
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Treatment of urban combined sewer overflow pollution by ozone flotation
process
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Abstract Combined sewer overflow (CSO) sewage has the characteristics of large fluctuations of water
quality and quantity along with discontinuous generation. Ozone air flotation technology was used to treat CSO
wastewater, and its effect on the control of chemical oxygen demand (COD), total phosphorus (TP), suspended
solids (SS) and other pollution indicators is studied. Laboratory tests reveal that under the optimal process
conditions, the coagulation-ozone simultaneous treatment could remove 77.8% of SS, 73.6% of TP, and 57.9%
of COD in actual CSO sewage, respectively, as well as significantly decreased the fluorescence intensity of
humus organic matter. A strong synergy effect occurred between coagulation and ozonation in this process and
could achieve an effective control of CSO pollution. Furthermore, the skid-mounted ozone flotation equipment
was designed, and a field test was conducted for CSO treatment in Wuhan City. The operation results
demonstrate that the ozone air flotation process system showed the average removal rates of 81.8%, 75.4% and
61.7% for SS, TP, and COD, respectively,-indicating effective purification effects. Through laboratory research
and engineering trials, the engineering feasibility of ozone air flotation process for CSO sewage treatment was
proved. This study provides both theoretical guidance and technical support for the collaborative control of CSO
sewage with diverse water quality targets.

Keywords Combined Sewer Overflow (CSO); dissolved ozone flotation; coagulation; engineering test
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