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Abstract: Semi-continuous mode experiments were adopted to examine the effects of ozone dose and initial pH on the sludge reduction by ozone. The
results indicated that, as the ozone dose increased, the sludge solubilization ratio increased and the organic compounds, nitrogen and phosphorus were
gradually released into the water phase of sludge. The optimal ozone dose was around 150 mg+g ™! (in SS), at which the sludge solubilization ratio could
reach about 26% . An initial neutral or alkaline pH value favored the sludge reduction, under which a high sludge solubilization ratio was obtained and the
release of organic compounds and nitrogen was enhanced. The recycling of ozonated sludge to biological treatment system had no obvious impact on the
microbial activity and the removal efficiencies of COD and TN, while the removal efficiency of phosphorus declined obviously because of the zero discharge
of excess sludge from the biological treatment system. The experimental results of phosphorus removal from ozonated sludge supernatant by Ca( OH),
indicated that a high Ca/P molar ratio was beneficial for phosphorus removal; when this ratio was controlled at about 10.0, the removal efficiency of TP
could reach more than 80% .

Keywords: sludge reduction; ozone; phosphorus removal ; wastewater treatment plant
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2011 438 [ 5 P8 7= e 24 2188 7 t, A #1] 2015 4F
IR 75 U8 77 R I 3000 7 v ({4, 2012) . F
RIGRAE AL A FEA B 7= kTG0, B
27 0 [0 2 SR D B 5 2 4 RO A At e T) st {8 75 7k Ak
PRIt A PR BE % 25 R K RRAIR. Tl e vl e R A2
)T ENAMIFFRE )2 K, B2
T5 8 (CAOHURRAE R B R BRI R ) |
b2 7 ik (AN R B Ak BE | B ARC4A AL | Fenton 357 48
b B I R AL Al i 7 A I 55 ) AR H 0 vk
(iAol ARG 2 O RE AR R R ) . R—
5 U U A R A AR A A A B SR AR
(2004) A 3,37 ,4",5-PUGKAG TR B (TCS ) 1F i
IR, B9 0.5 mg-g ™" (LA VSS 3 I, 578
T2 30% 5 15— RS (2008 ) B8 75 I T e iy
RN 757578 TSS W 40% 245 . 15 JE I
EEAR GG ETG AL BE R G A 25 A 0T DL ST B R Ay
15 et — 0 B e, e 3 B L A
fife-Fatk A SIS AE R 55 (Wei et al. |
2003).

¥ U 5L Gk A B AR R e B AR Ak B 3 M S
PV, AR E s e = AR W A B R 58, RGN
A=A R XS A3 AT b 2R R DT 8 381 0
B H B (Chu et al. , 2009). Yasui %% (1996) 7F H /&
SN V5 K AL B iR RHZ R AT T o 9 A4
H B, a1 730 8] T 43 15 TR HE . TR, iR 58 A
BRI 28 35 5L A0 Ak BTG 1 35 U8 A 5 o R 5L SR A B
J 15 U6 L3 %o A= 4 Ak B R 0 P i S TR T R T
—RINWFFE. WF5E B, Zead RAEAC B |, V5 TR e
FAAR, %5 M Pk COD 3401 ( Yang et al. , 2011) ; VSS/
TSS .pH FE5 57K & 1A FTREAIK, Zeta HLAAT FTHS N
(Bougrier et al. , 2006 ) , ¥ i i R A BN #1575
PR R SF U8/ ( Zhang et al. , 2009) ;7578 # Al 4
YRR A T2 & ( Yeom et al. , 2002) , AR R
SABE N X5 P SR 0 o A O BH S s ) TG 1R 1Y)
BB T SO W R 2838 5 ek /D 5 2 06 e
TEPEE B AEIR ( Yan et al. , 2009) . £t B AR 4b
FRAG TSR M B A AL PR R 58 )5, COD FIAEAISR A
AR EBRE (H /KT COD M AW A L
Th(GEH 5 ,2012) , WA RO BE PR FFARAK 1 K
il R BE AT A B AIG (FMVEEASR A5, 2006 ) |, 35 U6 111 3 XoF
TAY IR R G800 SO A A T T B 552 ) ( Dytezak
et al. , 2006) , Ifii H 5L A0 38 5 B2 v 7™ AR 1 A
FIMETRARIURL A HLE AT LAAE A 52 A Ak B4 B U5 ( Ahn

et al. , 2002) ,SS ARFFEAKIKE (Lee et al. , 2005).
H W55 FBH ( Saktaywin et al. , 2005) , V5 Je AL #E
G T 2465, BEn LBRECR TR, X2
P T A P S ot 2 3 o R T Ve ) HE TR S B 15 7
Ui 28 2 T fel A Wi R A W Ak PR R 8 N A R
R, FECH KB B T P T U8 R AR R
ERg T MG

FET I, AR 5 T 15 e AR AR | T
SRS H I AL BRE [13 TE e X A Py Ak BE &R
SRS [RIHR R T R AL S T e i Ak
BREE IR S5, LUHH A 75 e 5 Ak £ e AR 1) AR
LANIEE S % S A

2 #Rl5 7 & (Materials and methods)

2.1 FREBAKAEER

SIS TS R A LU K AR BT A/ A/
0 TZ Ut i P18 75 U8 , MLSS 1 MLVSS 4351 4
8603 #11 6185 mg-L_l. FFURSZIETHL 1400 mlL 7572
JRRE  HES 24 h, SR )5 T 25 B 1 /K B B 22 3500 mL.
15U R AU RS R 2 % 22 X I AR X, B e
FEAEOIM A sy 5 B4R 2258 A R A, R 58
BT 2 ALY B AR AR FRSCBG. I5 YA 1 (R ALY
4 500 mL, RASAEMHRHEN 0.2 Lomin ™", R
R SRS, IR pH o 6. 8, AL ]
910 min, S AN 53514 0,26 63,154,227,
268 mg-g ' (LA SS i) ;28 “HE R LK o, RS AR
WPEHN 50 mg- L™, S AKEFE] 2 9 min, ®14G pH P87
$3.0.5.0.7.0.9.0.11.0.

RS B I T . R R,
AW RGP ER BB R AW I 1% KL E ik
B FTPRIHAER AR A (1) 15

M(J3,(¢nns = C()3,gas,in X Q()3,gas,in xT - MO},gﬂa,mlI

(1)

A, M, I REFEFER (mg) 5 C,, .00 NN

ABHI SR (mg L") 5 Q0, i R AT

B (Lemin ™), AT TS T A6 P TS e R

SEAAEISTE] (min) s M .. 0 RS 5 BN R A
(mg).

KGR R R RO HE AR 5 AR
mr.

_ [MLSS], - [MLSS],
- [MLSS],
2, [MLSS ], FI[ MLSS ], 3878 K 2 5L A b 31 1 22

x 100%  (2)
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RAMHE ¢ 515U A9 MLSS (mg-L7").
2.2 REAERFRERMEDAERZEN D W

ARIHR W E S MG /N s, —E1E
FXTRR RS, R AL GG RIS R IL AT 5 — B
Gl R AAAL BT A s e RS BE
e — RS (5.2 L) M—A 20l (2.6 L)
Fay R, T AR 20 °C 7K I . X IR R G A
RGLMK IR E (HRT) 15 h, 7% ##%0(DO)3 ~5
mg+ L™", pH =5 ~ 7, MLSS 43 %l 2k (1690 + 50)
mg-L ' F1(1756 £90) mg-L~" X} HE R G075 Je it
(SRT)20 d. V51é 5 SAAb PR TT Y R AR BN &4 100
mg-g .

SN B SEIE AT 60 d, S NP B S —
BOIRE 15 d, A 0 i R FAE G id s e ik
T3 B B I i 45 d, i R G TS e SR A A B
BATTIA BN, X BRR G 4 B AR e MG e s AT
BB IR RS HHER =R 0.25 L, =
ARG HIL0. 4 LI5RIHT &AL, 2 J5 6 4b 3
Je BT e i A BRIt V5 e s i R SR is AT A R A
P axT5 e HER. S8R N TA BUE K, i & A
FRE R BRI SR PR BE | E AL
SALERFN i T R I AL, FEEK B8 454 . COD
363 mg - L™', TN 68. 73 mg + L', NH,-N 21.2
mg-L~" TP 9.6 mg-L™",pH =6.2. fE RGIE BT
HI, B2 F5 e N T A K 55 729146 30 d. X HE
RGBS 1 P 5 e FL AR U % (SOUR ) #F
37 W,

2.3 REANBERETREFERGSLH

EH Ca( OH) ,WERBRIEF , 73 51 % 52 T AN )45
BEEEJRIG(1.7 3.3.6.7.10.0.13. 3) FIXF 54 b 5
Je {5 U6 b8 WA B Bl RIOR DL R SCOD AL, pH 1Y
S,

2.4 Ak

T URHE IR A YA JE I B COD(TCOD) ,
28.0.45 m P8R U8 I I A 5 U6 A R I A
COD(SCOD) G A (TN) (2 A (NH,-N) | fiFf 2 £h &
(NO; -N) PAHFRER AL (NO, -N) LB (TP) FIis 1
(PO, -P) , iR H8 A5 TR Y Hach 7K 5t 43 At
BF543 124 :8000 10072 . 10031 ,8039 8507 8114
J 10127 M5 6 1 LEFE S % (SOUR ) TN 2 2
B R T (E RS 1999) .

3 HR 5138 (Results and discussion)

3.1 FREAKAE

TETG e R AL HE A rh ) B AR & NG 05
TeRIPIhR pH 23RS U8 A I iR A DL
LM IR T 52 0 V5 O B SR e B AU
A H R ERINE G Je Rl ih pH A5 e B4
Yol A A T LT AR TR A b
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7R, BE 5 5 S B R 3 A0, 5 98 5 MLSS
MLVSS 32 #0115 e 7 fff S 20 0 1 . 24 L A4
JNEAE O ~ 154 mg- g~ B, WA 38 ndete, iy 0 3%
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Fig. 1 The effect of ozone dose on sludge solubilization ratio

3.1.2 REHwEMFR T COD A B E H NP
w82 g T AR ImE XI5 et COD AL W
s 2. BE A SR BN S A3 N, 578 TCOD A
—SERRJE B PR, WA H SCOD TN TP il PO, -P
KRR, NH,-N \NO; -N A B i, NO, -N 4578
R ELEEN (/DT 1.5 mg- L"), X5 Yang %
(2011) RIE PR W) . 24 RAA SO &5 3 227
mg-g¢ B}, 750 TCOD Ik /> T 7.2% ,SCOD #4m T
50.5 %, TN . NH,-N I NO; -N 45 3m 1 3.7,
12.2 F1 1.4 f%, TP F1 PO, -P 43534 m 7 11. 1 A1
10. 4 . X UL IS U8 28 i B A AL B f0A: ) A
M 24, JfL PN W R B S UR WRAH R, (R A TS TR
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JIFBEAR , # 43A HLA L A6 NH,-N, 3 11 9 4204k
NO, -N #l NO; -N, #53A P Ak PO, -P.
TEZAL U SE 5 T, SCOD TN 78 B4 4 4t
227 mg-g B IA R A (1081 F1104 mg-L™") , TP
TERAA RN 268 mg- g~ I ik 2 5 (25. 7
mg- L) TG Ued AR TN LUAHLACH (4
5 68% ) BTN TP DL PO} -P N (415 86% ).
EHERRARSE (W A/A/0 T.2) PR AR R
JEAS 2 B TR, an SR B AU A 38 1 ¥ e Iml i &8 A=
PIALFE R G, S ATk 3 el I AU N SE BT
P He 3CE B 1. (R 7675 Je il it 2 2 HE
TGO T, 5 AL B (475 Je [0 2 A= Y ab B 2R
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Fig.2  The effect of ozone dose on the release of COD, N and P

from sludge

3.1.3 Wk pH M5 REMENTH K3 HE
TA[FERIER pH X515 IR 7 il AR A 52 . B 9] 1R pH
Tt 15 VR R S IS N (pH =3 ~9) J I
(pH =9 ~ 11) Wy, X AT GE A2 P A BT L A i
VAN, S BUR AW B 5 R A A PR
H o EL A s 25 A A T R AR R R R BAT
SALBESI - OH MJE AL, DT 4 ey R 4801 41k A%
A, TS m ARG pH AR5 R R A AR
L PRI Ay ik 22 1 S R B 7 2 (0 108 i A 4 7 S
(ALY 5k R G W) Z 0] /Y SR, S0 7 )
HA—EmPiE Y (Abraham et al. , 2009).
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Fig.3 The effect of initial pH on sludge solubilization ratio

3.1.4 Audk pH X 2 A4 55 R+ COD, A fn sk
BEHB e B4 BR TG pH X R AT
Jer COD R RIBEE 2. 5L AL BERT, 15 e Y
TCOD H1SCOD 43514y 4245 118 mg-L~", TN NH,-
N .NO; -N #I NO; -N 43424 12. 00 0. 25 ,0. 05 5. 05
mg - L™', TP 1 PO;™-P 43 %4 0. 68 Fl 0. 60
mg-L".

BEE VI GG pH T, B AL ]S 75 g TCOD
FEACRAE  SCOD Fl TN Se e M i (pH =3 ~7) 1iii
JRZBHE N (pH =7 ~9) FeJ5 A T FEAR (pH =9 ~
11) ,NO; -N Z#r i, NH,-N I NO, -N 7E TN # fip
AR N (43508 0. 4% ~3. 1% F1 0. 1% ~
0.7% ) , %A W BAE. B, Bt 25 7R 5 1
15 U6 S A A X P RS R T B S T R A
SRR e, X T U8 Y T R AR T 5 A R T
WA 38 oA DL A B — 2 E A NO; -
N.AHANRG AR, i T @ e s pH 75 8 & 448
AR SO F T 75 6 14 5L AR Ak B Bt w0 4G pH
(7t , TP Fl PO, ™ -P e Wil (pH =3 ~9) SR
AT R B RFRRRE (pH =9 ~ 1), R 5 F
A AT U8 40 PN A 2 ) R ik 31 7 e R AH
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Fig.4 The effect of initial pH onthe release of COD, N and P from

ozonated sludge

W BRI, w0 E pH S B A R A TS TR
RAA AL,

3.1.5 RAAEEFRpH WL £ 1 NAN
Witk pH 5040 T RAAN B S V5 U 19 pH. 28046 pH
TR PERT  Ab B )5 V5 9 pH WA L TF; 240 hh pH
rF Bl B B, A S TS R K pH AT K R
1) REAR. A ALAE RLENE R T & i RN+

®1 RE/EFTE pH HEK
Table 1  The change of sludge pH after ozonation

Wik pH FIJE 1 pH pH ZE{L{H
3.05 3.53 0.48
5.04 5.11 0.07
7.26 6.22 -1.04
9.01 6.78 -2.23
11.07 9.32 -1.75

AHLER B2 AA R T - OH BITE AL, 5k T R4
FAER, P AE AR £ , S BUR N 5 pH A #K
MR BE (Y R ATG 5 BR 1k 25 1, O g 7 A= B A BIL IR %
pH M TTIERAS IS, 1 LS 43 Mlia™ fk s LA CO, e
%l OIS pH BT BH RIS S A i kg .
3.2 BAABEEERERSGENLERE NG N
DL EScgs g L TR A RALB G, Al
TR B T2 BB VAR T, S — B
JE s el et . A SR B AU AL B A s U IR 2 A
WALERR G A B A P 1 ek A A RIS e
— 5 IR R, B R R RS R EHOW H 1. Rk
SEIRCEATEAL T B A AL BRSBTS U8 19 % A 9 Ab
RSG5
3.1 REAAEFFRERASEMALERAF
COD & B fn SS kB R % KES BRTG
VeI R 4 A I R 48 COD TN Al TP Y £ BR
OB B (AT 15 d) , 15 eI R A M I R 4L
KM B2 7=, I R 4289 COD TN 1 TP
EERRARIEIR. S B B (J5 45 d) 15 e i s R4
JRERAEAL T 2 H cOD TN ZRER 5% B A5
FEARLREF 30,0 TP L BRF U T R HoAh - 1
WL RAUER] T 3X — 85 (Lee et al. , 2005; &
4,2012). FEEEAS B THAE], R 48K COD 7F
15 ~35 mg-LleI‘ETJ,ZEI%:%Tf 90% L) I ; H 7K TN
50 ~60 mg- L~ Z 0], KBRFLH 20%. 5 —Fr
B 150 R 48 K NH,-N B 7, NO; -N
2570 30 mg-L~" ,NO, -N /NF 2 mg-L~".
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Fig.5 The removal efficiencies of COD, TN and TP in the sludge

reduction and control systems
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VB 5L A A B S 35 e 13 X6 iF Ak 1k #5223 B
. ARG K R 4 R IE S TOHL R I B 2 2 %%
T TN WRJE R A WAL P 3R 52 ) 4 K ER o0 A
LR AL TICHL A ; NH, -N AT R A5 45— 2 1o 7K
F R RGN R AT e 5 R E RS
FXS RERGE K SS 4390 7.5 AT 15 mg L7, 3R
B LA AL R S 35 e B 6 T IE S Y R 4 K SS
HA— 2 EGEE . X% T R A S 5 R
MEAEYRGS , 7] LA A W) N i TS Tl kAR
A3 45 -1 ( Bohler et al. , 2004 ) , 314 4 J2 i 5
WAEYIA DL (BD /M R TE ) B F T
AWy AE T 2 AN R A (EPS) ( Dytezak et al.
2006) , AT V5 R DT PR BE. 15 Je 8 i R GE i bR
BERE T TR, AT S R R T A SR T2
HEE A, A RESE LTS e R A K IR e iz 1T

3.2.2 REABREFRERATENLEZSAF
A EEE R K6 G TS e B FE EEUR
2% AR5 A S R MLSS 15 236 M 75 PR 1 FE #E 4
A SOUR. RLAT5 I R G M SOUR 2974 0. 19
mg+g 'emin~' (LA SS i), ¥ RS HY SOUR £ 4
0.23 mg-g '*min~", A K, YR AL AL
Jei ¥ U [0 3 X A 4 2R 8 04 A 3 P R T O R
EMARGEIE G SVI R, KA N 82
mL-g ™" R R G PG PTG TR AU RE KL 4r.
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Fig.6 The oxygen uptake curves of activated sludge in the sludge

reduction and control systems
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Fig.7 The effect of Ca/P molar ratio on phosphorus removal
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WA CUIE, B Ca( OH) , 3t it X oo 1)
15U BV ROT RETS E 019E pH |, A BE i 2 A= 4
WFRFRGE . BR#E S 15 U8 EIE WY pH (X A Y kb
HARG IR A FJm SERE ST,

4 252 ( Conclusions)

DGR RAA G, WO BN B3 K
FHSABOME G, 15 A MLSS Al MLVSS i #
REAL, 5 VS 7 il 53 720 0 186 T, A 0 4 i e 1 A L
Jo R B A R BN S R A L A E Y R
AN 150 mg-g ' A4, IS RIB IR A
26% . WG pH IR A T, 15 TV il R 55 , i
HARTA PSR R8s B2 1 4514 R T
BRI th. 275 % BRI 16 pH 20, N 7E W] 4G pH
R R S R S T R T TS e R A B

2) RAEANER S B TE e R B AR M A B R S )
XA W 1 L COD VI 25 bR AR TG I 35 5% 1)
T RERA R RHE (S8 R h g b
SR, W RSO TR, W ERINBREE T 2.

3) KM Ca( OH) , 150 B &AL #1515 U6 13 i
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