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Verification of Sludge Reduction by Ozonation System with Phosphorus Recovery process

by Kiyomi ARAKAWA, Terunobu SUYAMA, & Toshihiro TANAKA

The process of sludge reduction by ozonation liquefies sludge and consequently generates organic matter and nitrogen, which flow
into the biological treatment process and increase the treatment load. Therefore, the addition of ozonation to an existing biological
treatment system may result in insufficient oxygen supply for biological treatment.

From the fact that the large part of the ejected gas from ozone reactor is oxygen, the authors aimed and made the best use of this
ejected gas as resource of oxygen supply to develop a biological treatment process (Anaerobic-Anoxic-Oxic) by excess sludge reduction.

We also expected recovery of phosphorus as hydroxyapatite phosphate on the basis of supernatant liquid on the anaerobic tank. We
set this plant and made evaluations of the process capability at the location of EXPO 2005 Aichi, Japan.

Keywords: Sludge reduction, Anaerobic-anoxic-oxic process, Ozonation, Phosphorus recovery, Hydroxyapatite phosphate, Ejected gas from

ozone reactor, Oxygen consumption
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Ozone reactor exhaust gas

FV Y RGHE 0.17 m? U
Ozone reactor ﬁ'ffédi . e
Recirculation nitrified liquor
LAY 1.4 me
= :
%j&{j% . Trﬁﬁ%_ﬁ‘z Reaeration tank
Anaerobic tank ;_"_C.ummg.if‘.s JLEE 7K A
JEK - 1 1 (50.4 m#/d)
(61.6 m*/d) flavESi] i Effluent A
Influent 25 m? 313 m?
Anoxic tank Oxic tank | SR
S 20 m*/ (m+d), 3.1 m?
225, Air Settling tank
L 0 AJEIL TR MWLFKB
Phosphorus recovery (11.2 my/d)
process Effluent B
®1 AR T v b yu— (FEHET T V1)
Fig. 1 Demonstration test plant flow chart
(Demonstration plant)
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Intermittent settling tank
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Mixed liquor
in anaerobic
tank
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™ .
BBRMASA B it CaCl: NaOH

To anoxic tank Membrane filtration

2 hAEINLEO7T—
Fig. 2 Phosphorus recovery process flow chart

FRET T v MTIE, AEPLE TR S ORBK (CFE
K 504 mP/d, DT, MEKALTE) &AM
THEA» S OMBK CE¥KE  11.2 mP/d, DUF, W
KBET3) 020D 5.

FEAET T v b AP TR L, R 94 m®, iR
FA 25 m®, AF5AE 313 m’, PSS 14 m®, (LB o
ko FV VUG IZERR LY = VB THRKIZ017 m®
Thbo HEMOEERMAITA V¥ IS O 7 A
WCEENDMHEEMEH L7z SHOERIZBNT, PEb
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Table 1 Specifications of main equipment in demonstration plant

ERANG B
Ozonation process
g g‘f ¢ 450 mm x H2600 mm
:( S 1Z€
QE| HE SEWIPVC
4 S| Material Transparent PVC
e 2| Ilimk _ o
@ Z | Speed of rotation 60~ 360 min
ZE| WM 2RO RV % ¢ 360
#£ 2| Blade 2 paddles X ¢ 360
ERVADE L W E AR B g A 7 EE X

Ozone generation system Plate type electrode/

- § Silent electric discharge
©

R ?g JFR A A PN PSA 2 56 4%

'\f g Raw material gas purification PSA oxygen generator
N ARV R 3

’kg Maximum ozone concentration 109 g-05/m’(N)

T I A TN

Ozone gas discharge pressir

Y AT AR

Phosphorus recovery process

0.1 MPa

Lk 2 i
= | Form Hollow fiber membrane
2 S
= 2| bk
1S | Material PVDF
48 AL
% ; Nominal pore size 04 ym
82| BUmA 75 m’ X 64 75 m’
ggé Membrane surface area %X 6 modules
S| R
= Flux design flux 08 m/d
g i ¢ 300 mm x H4010 mm
ize
7k EWPVC
5| Material Transparent PVC
T 5| SbU D ASEA
E D‘: Packed seed crystallization Rock phosphorus
= | (erystal FAEE 150 um

Effective diameter

YREARE 25

Uniformity coefficient
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R2\ZM7 7~ FOFEBREE @H1IIH~9H22HD
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NT8HIIH~9HA2HDFEHETH %,

FHAET T v b OFKEIZ61.6 mP/dE L, JBFUKER%E
HIRITBEREIZRA S8, HEMHORERO % 5B
e L CIMEMATA 872, FKRE616 m*/d% Q)
ELERREMAERT &, BRXHGIREIX058 Qp, FEERIK
#1326 QpThb, &b, WEREEOHNDO019 Q)%
Vv ROSMRE R E L7z,

HIROF VLB (DUF, Y Ve $5) 1, (50
RAWILS m*/d % 4V Y USEICIRAL, =¥ 7 %%
HAWTEY v A AZRMFIEA L, Vv L Efl L7275
T EMEREMICHA L Y VIEARILT62 g/d, JE
K720 DF YV EAFITT S L 124 gOy/m’ TH Do F
VU H A RE 168 mP/d, *V VH AU 447 mg/L
EL7ze SOF VYIS OPE 7 A OB F IR L
THI80%TdH - 720

DAL, BEEAER A 24.1 m®/d % i LS

;2 FEESEM (TR

Table 2 Average test condition

H A -~
Date 8/11~9/22
77 b FEHE AR
Plant Demonstration| Reference
SR R (C)
Oxic tank temperature 293 282
Jik/K#E  Influent flow rate
(KA unite Qp Qc
923F Demonstration : m®/d (61.6) (35.2)
18 Reference : L/d)
o | P ALEOK (LB K A) (m®/d) 504 _
§ Biological treatment effluent (Effluent A) )
5| HAPHIFEHIK GLBAB) (m¥/d) | ), _
# < | HAP reactor effluent (Effluent B) ’
H o
= E| fEBME Recycle flow rate
§ § (HAL Unite , 26 Qp 26 Q¢
= =1 JZiF Demonstration : m®/d (158) (96.5)
-Hﬁ %} Reference : L/d)
)
= | ERE7EPE Return sludge flow rate
& | (HAL Unite 058 Qp 048 Qc
923 Demonstration : m®/d (35.1) (18.0)
X[ Reference : L/d)
MLSS (mg/L) 2850 2920
MLVSS (mg/L) 2350 2440
BOD i E i (%M (kg/ (kg d)) 011 010
BOD sludge load (Oxic tank) : :
T A (mg/L) _
0 . 447
zone gas concentration
F U H A (m*/d) _
16.8
i % Ozone gas flow rate
D8 | mik (%) _
2 . 79.1
g 2 Oxygen concentration
N2 AV AR (g/d) 762 _
; £ | Ozone injection rate
S| AvrmmmRAk /D] |, _
Sludge flow rate into ozone treatment ’
F VA (g-05/mJ5K) 124 _
Ozone injection rate (g-O;/m™influent) ’
LB | EAKE (mP/d) 241 _
Intermittent | Influent flow rate ’
settling tank ﬂ&;ﬂé@,\@ﬁ%
i (m*/d) 129 _
% Return sludge flow ’
3 rate into anoxic tank
—
o 0| HAPH LV (m/h) 15.0 -
o g| HAP HAPE AR (m'/d)
S Ui e
é § reactor HAP reactor influent 11.2 -
2o flow rate
S E HAP AR (m'/d)
'é HAP reactor recycle 13.1 -
S flow rate
a Caifsin=(mg-Ca/L) 3
114
Ca dosage
HAPH#ipH  (-) 89 _
HAP reactor pH ’

P A U RS BE L1372 BB 11.2 m®/d & 5 A
TSSEWY BR 720 SrBEH IR 12,9 m®/d 1L R A~ K
L7z A MR K112 m*/dic AV A 2R
L HAPH T2 O A S872. F72, HAPH I HK
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131 m*/d 278K E L CHAPM T HA LA SE, &
DFBRANZ T V) &4 L HAP A% pH % 8.9 (il L
720 Caushn®i3 114 mg-Ca/L & L7z,

IR T 5~ b OFKEIX352 L/dE Lize JFAKR35.2
L/d% Qck LEREMERT &, WkTHIERIZ048 Qc,
B 1326 Q- TH b,

BOD AN X, FiE7F v b, MBT5 v ED
1201 kg/(kg-d) FEEEE L, FEEET T~ FERHIT T~
FCRAREO K E SI13R % 55, BODHRAN K U%
WEOWAZIFFA CICR 5 X ) 12#%E Lze MLSS i
75 EBHITH3000 mg/LICEEE L7z

2-2 #HEEK

PHUEAKIZIE, BHAEOXLNORER ML LD
AT BEERE Wz, FARKE % BBORIITIRT,
BEkix, BOD T450~600 mg/LCTH-72Z &b, %
B CIE BOD i % KgAK % v CF3 155 mg/LIZi#
BB 2T o720 BIZ, TVAVEFMRV L5
NaOH Z &M L 7V 7 1) % 189 mg/LIZF#E L 72,

2-3 FREEEOATES *

SRR b oG RIE AR, EWLBE RN OB RED
ZEAL & AP BRI HE I L 2275 R (B & v 7zi5iR
ALK SS ) A S L, (HIRSAE R K R
MDA L T T o720 &V VILHIZ X 515
WAL, ERETT 2 FERETT VL OHALFKE
W) OFHRERDEL KL

2-4 PMHE

JEK B OB & 3 A G TR 0 4301 1E,  CODe, 12
DWTIE, 4 v b R OSREKE 5 E (DR/2010,
HACH), NH,N, NOy-N, PO-Pid+—+7F 54 %
(TRAACS2000, 75 ¥ L —~%E8) % v, Zhlsh
DIHIZ DWW T F AR EHE - 720

HAPH I TR L 2245 S 1%, MR % asn L%
MZ CTEAEER L7, SRS EFEREGT I A<
SN ATEE (SPS5100, TAT AT A «F /57
JaYv—WE) T, RFIZTOCH (TOC-Vesy, ERESHE
BUETR) CilE L7z,

HANZDWTIE, F Y VIR A v > i B
(F vV v BOSAETEA @ EG-600, # v > RSAEPEH @ EG-
2001BS, & bICHEEFEME), MFEIEZRBIE LN =
I R R R (G-102-H, SUEH 7 T3E00R),
TELRF A ARME 2H, WA AT v 7 #) 2/
w7z,

3. BRRUZE

3-1 FRREE

312, 8 H1I0H~9 H 22 HOREH A EOREH
ZALE R T, COMBTOREK]T m* 470 054
m (LT, AXE92) ROHREARE (DT, AXz&
T5) ROz,

AXZ, MIETS 2 FTId107 gSS/m®, FEIET T~ b
T 258 g-SS/m* TH o720 YV VIMBIZEY, AXpld
81.3 g-SS/m?, 1HIRHIEEIX76%, +/ ViEAR] kg7
D DAXplE, 66 kg-SS/kg-0O5&Rolz0 FV VEAR
1 kg U720 DA X 3 AIGEER RO ML FKEZ -, 55
M OB FAH %2 221 TIT - 7234 T3 6.1 kg-SS/kg-0;
THO", FEAE~OMmEMAN TV SUSHEPEL 7 A
WIS B oM E KE BRHEIT R - 72,

3-2 WIBKDKE
3-2-1 752 MRFTOREKKE

FITWHEAKE BHI11H~9H 22 HOFHfE) %
R FEIETT Y DT T U RO T KK S LE
KA CE¥AKE 504 m*/d) &RBEAB (CFHKE :
112 m*/d) OKKEHEH O L REDSHEM L2 ME
THb,

F72, B4R OERREK (LK A) OfEH
ZALZE RS, AR T EBY, EERMIE o0 IL%
EL TV,

UT, k77 v befRomk et rs o o
PALEFKIZ OV THET %,

SSHE, FEAET SV AR T TV MIHARTH 6 mg/L
o tze &V VA AR &GP ROREDVIN
EL BB NS, EiAETT v b OWBIK A NEHEH R
PR LR T 2V FEAET T ¥ MR K SS H
Kol LI N5,

300 O
2 250 ,
£, -
T 200 S o)
iz O
HE 150 Soat
=23 -
FE 0
B w 5 ?
B =0 o
S __e—% o
0O
8/10 8/24 9/7 9/21
@ Ji5E7F I Demonstration plant
O MW7 N Reference plant

X3 HRfEFHREEROFOZL
Fig. 3 Variation in the cumulative amount of sludge per day
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COD¢, &, ®BET T ¥ MIHAREIET T ¥ bOTidE
{roTwiz, BODI, EiE7 T v M OEKA R
FIRTZ » MZBWTIE5 mg/LLUF, SBODIZ2 mg/L
UTTHhHotz JEET T » M 44kDBOD 13 CODe, DA
LIET S EMHKALL I > Tnd LRI NS,

NH-NE, W77 > bebiZl mg/LUTFTHY, 5
L ENT W2, NO-NIE, Wi7I M ebi, 7~8
mg/LTH -7,

TNIEW 75~ b &BHITIFIFI0 mg/LHiHETHY, E
LTS v N EMET TV MIITIZRSOE RS E
RL7z20 TP, M75 Y bEBIZImg/LUTFTHo 7

FAET T ¥ b OWMEIKCODe, DS IET 5 » MR
B o 72 RIANE, A BRI X0 PSR oM
MHES N, TORR, HILTEMNN O B
AW & IR RE 2 LT 72 B4R A A 2 S FE A )
~NBAT LILBK ADED L holcleb LRI NS,
INSORRIE, EHSOLROMREL ZIZFETH -
72",

YRR IR, FiAET T~ FTCODe 90.9%, T-N
74.8%, T-P 820%TdH 1, M7 Z >~ FTCODc, 95.0%,

S (mg/L)
g

|
|
|

CODe¢r (mg/L)
oo
8

BOD (mg/L)
g

T-N (mg/L)

[ ]
[ ]
o
*
.
L)
@
[ ]
[ ]
]

T-P (mg/L)

AN

8/10 8/24 9/7 9/21

@ 5K Influent
O FEFET T ¥ MULELK  Demonstration plant effluent
AGIT T2 MLBLK Reference plant effluent

X4

JEK K O ALK ot H 224k

Fig. 4 Variation in quality of influent and effluent per day

£33 FUKROWHAKE 7T v bR TOGMAKOKE (S B 1)
Table 3 Quality of influent and effluent (Average)

Demonstration Reference
Bk AP LK HAP #ii 7K 77 v beERTo AP ALK
Influent (LFLK A) (WLFEIK B) WK Biological
Biological treatment HAP reactor Effluent in whole treatment
effluent (Effluent A) | effluent (Effluent B) plant effluent
pH (=) 8.7 7.7 87 - 79
M-7 V4 B Alkalinity (mg/L) 189 102 97 - 91
YR SS (mg/L) 149 12 13 10 36
100 CICBIT B8~ v AV EEH ) Y A
2 & B AL IR R SR 73 16 - - 89
CODwn (mg/L)
BRYE100ClC B B~ > 7 v
71 7 BT K AL R T R 34 14 - - 79
S-CODuwin (mg/L)
Zr T AMAH ) T 2T X BALER
MEHZRkE  CODer (mg/L) 380 40 12 5 19
WYL 7 O AR ) T WX D 160 25 _ _ 14
b HE ke S-CODe: (mg/L)
AR FEZORE BOD  (mg/L) 155 2.7 - - 19
B FNB R SRR (mg/L) _ _
SBOD 54 14 1.1
7 vE=THEFE NN (mg/L) 195 04 26 10 <0.1
BRELCHRRSEE L) [ 4 1o 52 7
-
£%EH TN (mg/L) 39.0 9.9 145 10.7 85
D ATRIED A PO.P (mg/L) 243 0.24 0.86 0.37 0.18
£NDA TP (mg/L) 3.96 0.61 1.18 0.72 0.28

— 1323 Not measured
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2 0
o 5
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3 oL o O 0 OY
8/10 8/24 9/7 9/21
HAPHY HAP reactor
@ i A Influent
O el Effluent (LEEKB  Effluent B)
g
b 100
FER - aue epue o i
= OF P08
5 580
RE 0
RKE 60
2E& 50
< g 8/10 8/24 9/7 9/21
2 =
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T2 ®POP OTP
g
5

X5 DALY 727 5 TOERIRN
Fig. 5 Phosphorus recovery reactor operation

T-N 783%, T-P 93.0%TdH - 7o

3-2-2 HAPHERAKRURHAK (LEKB) OKE

F3ITHAP MR K QLK B) CF39KE: 11.2 m®/d)
D8HIIH~9H 22 HDOFHMEE, B5ICHAPHTO
IR 2 R T KSITRT B, FEERWIRH b oL
BREL Tz,

HAPA#i# A D PO,PiF13~18 mg/L, T-PiZ14~19
mg/L, WEKBIZPO,P, T-P& H1213iF2 mg/LUT
Thotzo HAPHANTAT 5 0 AmiZxtd 2 BT
90%LLETH o7z, F72, FHAKELTHATE ) AR
X9 % HAP Al T O IERIL 75% T H - 72,

CODc, &, MAKIZHARREKB D 2 MEAH - 72, &
Fi3, HAPHIRI A CTIRRIZIEFA L TH Y BEIERO 5
oz,

S D ) AR TS 2 HLAAA TV S 720
COD¢, KON T-N AP LB K (LBEIKA) LNV F
Tk shTwiz,

3-3 HAP{ETHR L =#ERMDMER

RKAZLL 7255 W ORK % 7R T o IR O 5
29 H 22 H DI THRICHAPHO FH50~50 cm
(LLF, FT#&45), 112~123 cm (LT, dhggge§
%), 165~177 cm (BL'F, E#BE92) O 3fEF» 54~
A I/ B A

R4 AN T 7 5 NOHE G OHIK

Table 4 Composition of crystal matter in phosphorus recovery

reactor
ki él:%))? 77 L&} Aftefzgfvery
Sampling | Before s | T
points Top Center Bottom
P:0s (wt%) 34.6 37.9 38.8 385
CaO (wt%) 52.1 49.3 49.7 49.7
CO: (wt%) 46 4.1 4.1 37

LRI, 9 22 H oIk icd > 7)) v 7
After recovery, sampling was done on September 22, the day the operation
was terminated

DI & E % DR AL o720 F 72, 3EATTOM
B IEIEFE L THo72e HAP D4Rt Cas(OH) (PO,
THhHITENPDHCa/PILOI ML 215TH S ML
OO Ca/PIiL, EF 0211, HhgEs @ 210, F
213 b HERMEE K, FEWTho) AlZK
WONHAPTH % L HIWT L7z Mo AdT R
THAPTH»ALLT, HAPEAEZHINT 5L 900%F 1
TdH %o 72, CaO, P05 LIAMZ CO, HYENTHTIZ 4.6 Wi,
EZIZ 4 wthE TN T2 TR5DCO,DTRT
2CaCOsTH A LT 5 & CaCOsHAFIEMINATA10.5
wt%, [EUEA8~9 wtw & 7 %o [EUILHTIZ LB
DCOEHBEMETLTWA I 05, AN
DOCOLUZMNF 2 SEHEFNTW/AbDOTH Y EIIT L Y
CaCOz i3 LT v e g s b,

As, Cd, Cr, Cu, Ni, Pbi0.10 mg/g (Fi FER)
UTThHo7o

M oARAE, L 258 um, HYLER D 271 um,
THE 302 umTH D, HNOREFIZIZIZH—-TH o7,
F72, AY—FMEHORAZIZIS0 umTH Y, H A ML
479 T ETHBIIERL Tz,

3-4 EFET 72 FTOERRDEE)

TV RIS LR TTOF VY R OTRE R ED T A
T DYEINL 2 KD B Z &I L7z,

FEBII R b & v BUBE &AM O3 A K ORI A
ADWEE TV U R OREOREIIZEL Tz, 72,
I A T A B ER L I O L 251313 100% 4T L TH
D, IHEMDOIE1 mg/LUETHo7s EEHEIFD1E
I A AT D AR FIREIZOWTHHALTED,
C OO AL FRBEIXLE L Twize ITOFEM
BEHZ oW TIZ9 H 19 H oMlEkE % Fl v 72,

3-4-1 AV URICERUFSIETOHARERVH ARK

DO HER
F VY BB & AT OEA RO O 7 A &
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FHRATABTRE (XY, BE, kR, #H)
rWEL, ZOMWEFHENPOA YV, BEROBbK
FOERREHM L7, HEEZRFITRT,

H AR, &V 7 RS CIZEA L PR & T2t
%L EHIT173 MY/ A TH - 7o AFEMEHERIX 1.83 mP/d
T D IFEMTRIFICRD Lz Y ViRER, +V v
FOSHETEA T25%, 3 > USHHEH T 0.01%Ai T H
D, F T FIEIF100%F VY RS TIHE S hTwiz,
B RIEEE (A v OB A T89%, F v v SUnAlHEH
(WFEAEEAN) T87%, IFXMEHFETI2%TH Y, ME
otV U BB T D DRI S N7, KB AAE
THE SN T, TRALRFREL, &V ¥ BUSETE
ATO001%AKM, + Vv FUSHEHE T4.7%, I AEHEH
T74%THY, Vv EOHFEMTEL kol
B, FOEAIINE o T,

WM T, MFEIZBOD & NH-NOBLIZHE Sh
KEBI T B IL & NOx-N & 2 5, BERfbRFEITK
NOBEIRIEDK E  REBDHUF LR WNBER T 5o
B A F ROBHELRETIE, B ED LR
BWNER L 7272012, 5D S 0P A ARV E

x5 AV Y ONME L IFEARETOEAR O A A D &
FARRK OB (FZRET T >~ )
Table 5 Constituent concentration and flow rate of injected
and ejected gas of ozone reactor and oxic tank

TSR A
o+ Y SEH | GV ISR | s
HEA Injected to ﬁ’“*ﬁmﬂj
. . Ejected from
Injected to oxic tank oxic tank
ozone reactor | (Ejected from X
ozone reactor)
NN 3
HE  (n/d) 17.3 17.3 183
Flow rate
N
AvE (%) 25 <001 <001
Ozone
EX
%* (%) 89 87 12
Xygen
TRALIRFE (%)
Carbon dioxide <001 47 74
1§§ ) 85 83 80.6
itrogen
g Vv (keg/d) 085 <001 <001
zone
X
ek (kg/d) 201 197 027
Oxygen
ZRALEF (kg/d)
Carbon dioxide <001 145 0.23

KEZY TOWEMIKRDEBY .
Measurements of the monitor is as follows :
* VY ROSAEA 493 mg/L

Injected to ozone reactor : 49.3 mg/L

WA (8 v BUSHIFE) ¢ 006 mg/L
Injected to oxic tank (Ejected from ozone reactor) : 0.06 mg/L

BFEAHE 0 0.01 mg/L Al
Ejected from oxic tank : Less than 0.01 mg/L

—

HgrH kg/d

Ingredient amount

1

Sl
PEH A2

Ejected gas

EV L
AT A
Injected gas to
ozone reactor (Ejected gas from ozone reactor) from oxic tank

SN TEA I A
G ¥ BUBAEHEH 7 2)

Injected gas to oxic tank

Ok  WAv>

Nitrogen Ozone

O —RAfbpF

Carbon dioxide

Dl Es

Oxygen

R6 v v RUSH & IFEMT o AL

Fig. 6 Material balance of gas in ozone reactor and oxic tank

(rofztEZ2bhb,

B, BROKNOBHEMREIIIEFITNS UFRMERE
WANFEALHETAE RV, 22T, HEHA R EITFEH
Z2THL, AT AP AT AICEHE TN EHmIEF
LThrLLTENADERIREL ) T AL KDL
WTOH AR OMEREIT> 720

K612, KS5IRLHAREE KT ARG IEED S
Bl L7287 Ay m e E A T L IR T,

3-4-2 #VJURICHETOINE

FSITRTENG, +V v OFEARIZ085 kg-0s/d, HEH
13001 kg-Oy/dRKMTHY, 4V Y ISHENTEY Vik
1E1T 100 %2 STz, FER O AR 1Z20.1 kg-0./d,
PEHE1319.7 kg-0,/d T, 2D 197 kg-0,/d DEEFEDUFA,
FIZEASN TV S,

TV VSN TIEBHED04 kg-Oy/dHE STV
T2o SHUTF YV VRSN OIEABRERD 2% TH - 720
TRALIRFEOEARIZIZIEZFETH 720K L, PEtE
13145 kg-CO/dTH Y, RRH A (RRAILHEFE) 34
VBT AR TR L 720

K64V VI R OGRMEIROZALZRT, BE
D S-CODe,, SKj-NOH&L 0 {HROWALH S
bo WIZ, FBW R0, BEWTDONO-N2375 mg/L
75112 mg/LIZHML TWA 1 Th b, 5L L Ik
T U THLROR b B THEAT L, MEIER I T2,

HROWALLIE OB THE SN D4V VIZHCH R
LCEREICEIL L7295 & ZDOBEFERIZ0.85 kg-0,/d
RV, JEAF ALY A A OBFERED#EIZ04 kg-0,/d
Thd, Thbb, FENEF Y VI TOREENE
3R 1.25 kg-0,/d & 7 %o
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K6+ VUHIZ X HHROZEAL
Table 6 Changes in the sludge by ozonation

TV IR | AV LR
Before After
ozonation | ozonation
pH (-) 71 7.3
M-7 V) (mg/L)
Alkalinity 124 101
=S AsPN . 3D L/ PN PR £ 0] &S 3930 _
Zik®  CODcr (mg/L)
e A N SR Ry N [ 33 552
L2EM R FZERE S-CODe: (mg/L)
5% (mg/L) _
N 226
i R S (mg/L)
ST-N 9.21 55.1
T VRS TREE SR (mg/L)
QN 03 6.0
TR K O A ER R 22 R (mg/L) 75 112
NOx-N i ’

F VY OB TIZONH,-N oL, @F v ¥ BT
HEODODHFHLHL, @F VYU TR TOHEY O
IR CTORBEN A LR T2 2 BEHBEOEN L 7 %,
OO L THE SN D BHEREIE, NO-NOHMEDS
RDDHE02 kg-0y/d & Bo @DF YV ¥ UG KO
DOOFH M L DORED K15 mg/L LA LA &
7502 kg-0,/d & B b F V¥ ISHE O E = H
LOE@%HIC £085 kg-0/d e l), TN AEY
DETOMENER L %5, 085 kg-O,/dh HIAET
% WAL FEIF 117 kg-CO/dTH Y, F+ V¥ KeAlH
S OH A A O bR FE w145 kg-COx/d & ) A7
Vo R LAR O UIF A T AL R AN A A TEUF RS R
BT LV Y UEICHEA LTS 20, ¥V Y HTAD
R E AR XD AV PG AN LT 7z ML
RRED—EDH AMANEAITL T b RSN,
3-4-3 FRIETOBRFINEZ RUITFSIESIEDAMERFNRIC

S IMFHERE

HFEAENOMHEDFEAREIF19.7 kg-0,/d, HEHEIZ
0.27 kg-O,/d CHEE DM H 13194 kg-0,/d &% b, Uf
FAENTEA L7 1L99%HE ShTwiz,

BFEAE O EIFIRC & R EHE (Kr) &, %
AET T Y b ANDEIKDOBHE e OUFSAE~ DR A % 5
LU, HFEMNODO DZELZWET S & TRD,
WEIX7HI7TH~8HSHIZTIHAT - 720 MEREFDF
WETKri319 g-0./(kg-MLSS-h) THh o720 wEALEE
v =27 VY TR Krid5.0 g-0,/(kg-MLSS-h) Th 575,
SHOFEREIIOMEY /RS hoTWE, SHIOFE
BRIZBWTKr VNS WEIK & LT, BODHREAM % K

AWM CHEEE L TW 22 e EZOND, 72, HESI,
WYEBRANO T Y RIFEEZKE LT 5L Kr KT ¥
HIERHMELTBN Y, Kro/hsL hozHRE L
THYV VB EMAGAATZZ LD EZ BN,

3-4-4 IFREOEVRICICEI2BREES

ISR B U 2T w2 AWIRIL (Dc oy,
1t (Dy, 03), WHIMIBETORFENTE (Dp) RORAMR
HHBgEE (D) O4HEHE L DT (1) ~ (6)
AP KHEHOMER LRI L7z, F2Ihb0fF %
SRFENTERE (ZD) L L, HHhEEEEL~= 2
TIVIZHED EIT- 72,

D¢ osid (1) RITRTEBY, HRBAELEZIT> TV
WS - IR - R HRT T V) ToaREY
WAL DBEFIEE . (D ) 12, &V VLB S AW
HANRATE2E8 W2 R L, EPUHEEZETH R nD
AL TREANOB AF I 55 % 72 L5720 D o b3,
2 KLo&EmL,

Dy osid (3) TR TEBY, FHREAELEZIT-> T
OISR - R - IR T O L OEEN E R (Dy, )
2, AV S EY IR AT S T-NTZ L,
AW 2 FE T ) ARERENOR A T-N 7% 7
L3720 Dy onld, (4) RS5EM L7

Dy D% (5) TV, PWVEIFILIC X 2N H
HE (Kr) 1319 g-0,/ (kg-MLSS-h) # v 72,

D¢ 03 = Dc,eon + (Ceop, 05 Qos — Crop,p" @,) % 10 X ypop

DC: con = { <CBOD, in CBOD, eﬁr) . Qm X 10 -3
- <LNOX, DN — LNOX, A) Xﬁ} X Y gop e (2)

T IFSMIC B B A IUETOREIN R

Table 7 Oxygen consumption of each reaction in the oxic tank

= - JEK D ALEL it R o LBt DAL E STy
(kgO2/d) T T fla (
Oxygen r(?atment reatment o mount} of oxygen
. of influent sludge by required for
consumption . 5
ozonation entire process
AR
Oxidation of 2.8 2.7 55
organic matter
fiifb
Nitrification 80 18 98
PRI
Endogenous 4.2 - 4.2
respiration
AT DO Fih
Discharge DO 0.2 - 0.2
by mixed liquor
a 15.2 45 19.7
Total ) ’ '
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Dy,03=Dyeonta* (Cry 03" Qos = Crw p* @)X 107 X p Do=Coa (Qu+ @+ Q — Q)X 1073 -oovrevevrnenn 6)
................................. (3) ZD:DC,03+DN,O3+DE+DO (7)
Dy eon = @ Crnin @iy X 1072 X gy wreemmsesesneeennnes (4) KRTIHEHREZRL, RSIKXPOFRFOHHZR
DE =X VA~K7 ................................................ (5) 3—0
%8 FHEX0RF O
Table 8 Nomenclature of the formula
N v Rl DR HAL
0. Symbol Value of a symbol Unite
K BOD i FE
1 Chon, in BOD concentration of influent mg/L
LK BOD i B2
2 Chov, of BOD concentration of effluent mg/L
. | ¢ 7> SR S-CODC, T me/L
€0D, 03 S-CODc: concentration of effluent from ozone reactor
4 C Y > B A K BOD i 2 me/L
BOD,p BOD concentration of influent into phosphorus recovery
JEUK T-N e
5 Crn.in T-N concentration of influent mg/L
6 C 7 BOBAE G R S-KG-N i mg/L
™, 03 S-Kj-N concentration of effluent from ozone reactor
7 c D AN AR T-N it e ) mg/L
. » T-N concentration of influent into phosphorus recovery
WSO T TR
8 Co.a DO in oxic tank mg/L
LF& O MLSS i BE
9 X MLSS in oxic tankFL mg/L
JE K 3
10 Qi I;lﬂuent flow rate m’/d
7 BB 3
1 Qos Influent flow rate into ozone reactor m’/d
0 A G A Kt 3
12 @ Influent flow rate into phosphorus recovery m’/d
PUSTS TR A= 3
13 Q Return sludge flow rate m’/d
BRI 1 3
14 Q. Recycle flow rate m/d
ISR 3
15 Va Oxic tank volum m
HEWE AN NOx-N it A 5
16 Luox, o Influent amount of NOx-N into anoxic tank kg/d
MET FE AN NOx-N ¥t H 52
17 Lyox.a Effluent amount of NOx-N from anoxic tank kg/d
s b FiET T > N OAREIIRILIC X 2 Al T . , kg-0,/d
¢ 03 Oxygen consumption by oxidation of organic matter in demonstration plant 2
19 D B — MR — WF SR A BRRAL IS & % M AL , o kg0/d
G, con Oxygen consumption by oxidation of organic matter in anaerobic - anoxic - oxic process 2
20 D FAET 7 ¥ b OIS & 2 RRTH R = . . kg-0,/d
N, 03 Oxygen consumption by nitrification matter in demonstration plant 2
o D B — W — PO M LIS X 5 AT _ o kg0/d
N, con Oxygen consumption by nitrification matter in anaerobic - anoxic - oxic process 2
PRI & 2 M S50 4 i y
22 Dy Oxygen consumption by endogenous respiration kg-0,/d
T SRR 5 e TR 5 )
23 Do Amount (Tf oxygen discharged by mixed liquor kg-0,/d
SRRFN T ]
24 D Total oxygen consumption kg-0,/d
HAINOxN & 72 ) D12 4% 7% BOD & ; NO
25 4 Amount of BOD required for denitrification (NOx-N per unite) kg-BOD/kg-NO-N
YA BOD BrFidy 72 0 IS W S O /lo
26 7 Bop Amount of oxygen required for BOD removal (BOD per unite) kg-0:/kg-BOD
HUAZ NHeN O RHALIZ 62 2 IR O/l o
2 VN Amount of oxygen required for nitrification (NH:«N per unite) kg-0/kg-N
28 Crv.iny, Civos, ConplZlhF LAALE A NDIL _
“ Nitrification rate of Ci,in, Cin, 03, C1v,p
HAALMLSS & 72 ) ONPERF A X 2 88354 10 2 g . .
29 Kr Oxygen consumption rate per MLSS by endogenous respiration 02/ (kg-MLSS-h)
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343 TRD A APWEH S OMFRHERIL, 194 ke-
0,/dTH > 720

KTRT X 9IS, FUKOF WAL, Mtz ol
PSS 2R R13152 kg-0,/d, * V¥ BUSHETE
INEZZT 203 % & X OMENEREIZ45 kg-0,/d T
»Y, XD (7Ot ASROMBENw) 1319.7 kg-
0./dTdH o720 Vv UG HE G R O WLBET O F2TH
BRI IDD25%TH Y, IDITHT AL, S ORI
Fi194 kg-0/dIZIZIFHE LV, AR LD, SHO%E
BRCoA Y BUBAE D S OB T A O FE R 19.7 kg-0./d
&YV BUGHE T & LB 5 iR 45 kg-0,/d %
T B2 TR, FAROHEYEEL, Wb s
RABERTHHLI LIS E BT,

3-4-5 DEMRELEFVCRICHEFHT IAPDOBRED

Jid 34

HAE, BERPBEOF VI ossEn ek kA
VVEEEIZ80~120 mg/LEED L DHL v, FI T,
& BUOSAEHE A H O O B CTUE RS T o LB
FEEMRBEED L) 2 ORFE 24T 5 720 AWILEL L5
RDF YV VDM SR OFEE L [FW— & L7z,
KIIIH VY ViEFES), 120 mg/L THF V' ¥ BUSHEHE
WA AhoOEERE 25 LR ZEEBTRO TV
EES0 mg/LCTOF V¥ RIS A A o R %
RY o AV VEEESD, 120 mg/LTOF V¥ KISAEHEH
HAROMHZEEITKD 8) XroHH L7

F Vv SOAEHE A Ah O FERE  (kg-0./d)

_ BRAV Y E(gOyd) | BSRBE(/v%)  32(g/mol)

F VA AR (mg/L) 100 224 (L/mol)

VA DS U, YV VIREOE T AR
W2 SASE YV V ORENEAT B AV 2 AN S
{Tpdo VT VIRENS0~120 mg/LDOHATHEHIR
BEIZ90%FEE & & V' V50 mg/L 04 L IZIZF U
THAHIEDPOEHBEDT S Y AR B+ v
FOCAEHE 7 A OfEFEEII VR B b,

T V120 mg/LIZBWTH YV RS HEL A
TOMEMHREIZ8I kg-0,/d L b, HIROF YV AL
B X ) AIEATAT 5 AW L ERE2 NS 50
WCHELRBHERIE, 45 kg-0,/dTHbD, 2O LITL
0, HIROL VI X B AR VY RO
AT ADIEATHRE0RZ DLk D, AT A
DEEFE DR FAKHEDOE S OB B FHTE S
Lt RY, B 7 e 7L B R EORRE &
Bo BIZIE, FV ViEEE120 mg/L O¥fy, JEUKHERK

R KAV VREIIBTBHEMRE
Table 9 Oxygen supply amount for each ozone concentration

FV Vi (mg/L) | 4V Y BUSAEHRE 7 A o iR (kg-O2/d)
Ozone concentration | Amount of oxygen for ejected gas from
ozone reactor

120 8.9
80 133
50 19.7%

MFEH R (kg-02/d)

Oxygen consumption

K DAL

Treatment of influent 152

7 OB
DL

Treatment of sludge
by ozonation

45*

VAR EEIN

Entire process 197

i, S HOFEERTOWEMM
% is experimentally-found value.

53 % JLBEG B DI E R BRF R D 30%AEEE 2 A V¥ UG
HPE A 2P OBRFE TR T 5 2 L ASTTRETH 5o

4. EH YIS

TV BOBAEHEI A A OFEFR T VLI X B
WEEIN S % BT X B REME A MGG S A 720 &, ALK
DY AREORIME HAPEIZ X 2 ) AT LS %
CEERMROERNE Lz, HiA — ERE - 5k %
WLBE TARICHRO AV VBT, Y A BT 2 )
MUZZEITF > P 2T, BRHHEOBEKE FKE
L CHEfER AT > 720 AFRICBVWTELTOZ &5
Sk, AFROEMENIEHETE 2,

(1) CODg, 380 mg/L, BOD 155 mg/L, SS 149 mg/L,
T-N 39 mg/L, T-P 396 mg/L DJFE/KTiifiz L72& 2 5,
WLPEZKIZ CODe, 35 mg/L (BODIZ5 mg/LULF & S
n5), SS 10 mg/L, T-N 10 mg/LLLF, T-P 1 mg/L
UTThh, HRBEROHIEEIZT6%E 272,

(2) &V V#EEES0 mg/L CTHRMAEILZ AT - 7286,
TSR T O BUS LB R BE# L v BB 5 OPEH
HAMDOERFZIZT TGS 5 2 LIZWRETH o 720

(3) WAL, DAL Fu*xI 7844 b (HAP) &
LTERICEINLIEDT%EINT 22 12Xy, M
FKT-P% 1 mg/L LU FICHEREC & 720

(4) HAPHA~AT % ) AR 5 LRI 90% L
ETHY, EULL 7245 D 90%FEEE L HAP TH - 72,
F7o, MW LD ESE I SN b o7z,

(5) FVViEE#120 mg/LE LEBATL, FV >
BOSAE OHEH 7 A h DR R4V V12 X B ARG
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ZILBLS B LERFR L DS, SRR LD AR LB
DLFIRFRD 30 % L2 a3 5 Z LA REE 4 b

I

AWFFEAIBNLATBOE AT T AV F — - JESERAM# A B
FERME (NEDO) & o Jk[IBFZE [ = 4 v ¥ — A BEKL
BHAMBAIE] 2B T2 72D TH S, TZITRL T,
EHOEE LT,

ZZ XK

1) HRERH, A, HYRREE (2000) ¢ B EEDL ORI
O, 5537 I FAKRENIE S, pp.671-673.

2) SEINEE, BRA, DKL, HpEE (20000 AV U E
720G PR IR B 2 5 IR AL O SRR ZE, BREE T
2R ScsE, Vol 37, pp.107-118.

3) WINEE, HPRE (2008) @ 4V 12X B HIRIREAL % s
RATBER — M — IR0 ) ADORENC]T A58, T
KW ARE, Vold5, Nob545, pp.101-112.

4)

5)

6)

e petd, IR, s (1988) : AWa#iliy v s Bl
DGR TRED 5 0 1) ¥ OB T ORI, K L BEK,
Vol.30, No.l, pp.21-29.

SENESE, il (2003) @ YABETRZMARALEF Y
2 & B RBAACOMRE, BREGfE T8, Vol17, Nod4,
pp.11-19.

SENEDE, Mt (2004) @ YABRETRZMARATLEF SV
2 & B G TRMAALHA, BREEHAMN, Vol33, No.ll, pp4l-44.
SeESE, Mt (2005) @ BEBREHH L4V Vick
LIERIBAAL DM, 5150 HA L V> &4 K 7E i &
A4, pp.89-92.

SENESE, Mo (2007) @ 4V VI X BERBALL 7ot
ATOEZFIICHT 0%, TAKREWSE, Vol.d4,
No.537, pp.112-121

HEEANHATAE S (1994) @ SR Ed~= 27
Vv (%), pp.l73-174.

ARG, WA, WEASCR, R, (2005) C 4V VIR
DG PEIG 02 35 0F 2 AL T R O By REFFAT, 55 39 Il H A K
BRI R AT, pA46.

IoNF R No. 224 (2009-7)



