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OZONATION OF REFRACTORY CHEMICALS IN PHOTOGRAPHIC WASTEWATER

PINIESES . A LER . RIEZ .
e BLT. dLREETT
Masami TAKEUCHI*, Sadaaki MURAKAMI*, Masayuki FUKAGAWA™,
Hiroshi NAKANISHI**, Takane KITAOQ***

ABSTRACT; Photographic wastewater bears high level of various organic and inorganic chemicals
which can not be deducted to the extent permitted for disposal only with a biological or

a chemical method. ¥e had proposed a three-stage treatment system; the wastewater is treated
biologically at first, then chemically to reform the remaining refractory chemicals
biodegradable, and biologically again. High cost of chemical stage is reducted by minimizing

~ the treatment time enough to reform chemicals. In this study, ozone was applied to the chemical
stage and the removal efficiency of the system has been discussed.

Ozonation of photographic wastewater, which had been treated biologically, enhanced BOD of
the wastewater. Typical refractory chemicals used in photographic processing were ozonated and
it was found that their BOD was enhanced enormously. The absorbance by the wastewater at 310nm
vas disappeared when its BOD was reached maximum. The optimum ozonation time can be determined
with a monitor of absorbance at 310nm.

The 1st biological-ozonation-2nd biological process removed 96% of COD; the contributions to
COD removal were 64%, 17% and 15% for 1st biological, ozonation and 2nd biological stages,
respectively. The process removed 99% KjN; 26%, 2% and 71% for Ist biol., ozonation and 2nd
biol. stages. 46% of TN was removed and N remained as NO,~. The basic process for COD removal
from photographic wastewater is thought to be established, but the additional N removal process
is necessary to discharge the treated water into the N regulated waterbody.

KEYWORDS; Photographic wastewater, Refractory chemicals, Ozonation, Biological treatment,

Upgrade of biodegradability.
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BREICEAH DOEYNBEMEE EBARIEOMBENRE LTS BERBLBIZET 2 REZH RS
N3N, BERBLICRBEEOWNECHE . OMENS ) . ERANBABEIRED & ZARI AN T
U BIRTIREUREE DT D . EHEIIHAEBR Crc, BUE - EHRE & SIBERELRT-> T 5,

LU BY Ry - SV EVTEIC L D 1995 RE CIUEERENOBEREZE IR I TN .
EROTAE T Ok 2RO ELOREE S - TS,

BRERARICHOL AR ERINT 2 AR  feF0sm - ( PRAR It ohd, £
HEBRE I Z PSRV CDZS0~I0%L EBRET 2123 10~50EFHR THTOAOABELETH B,
ABLFEEA Y ke BWAKE-FE—8IE (72 by) B ERRMCEY . BEBILESEN
L ALFHEZNE X PAE . BERROCOBREZRSEETH D . ZhL LOBRE D TIHELKN
TH5D. WHEKIIEBIEMBAL . MEBHHNE” | BRERELSEVRFINTO I, BEPO/ 07 1t
MAA VL BZEBEOICNER  BATBRBORY — )b, Bl - FEH ZABSICHMERS B,

ARSI EME LN FHEERASO B LEANTABE o Z0MEEZENE LTS, B2 R FO4EY
HEEIBBICEE  AMEIRUOBBNE #BET S, 2B HICFEREEMN U, AN BIIEFT A4
M BENE D5 MRUENDREZ1T ) o SBENHUEYEZEM U AL¥FE TR LB Bl 2 hk
T 5, I[BEDAEYRIBICOOTE . EHFRE'D BLUCEMBIE 'S 285 Ui,

GBI ERICA V) v EER L. BEEROLEFES X CLEBBIC OO THRI L. XSIERTPOD
REGBEEOBPBUEERDEA ) EDRIEFM IR/ o WITURES — A RER L 7 BB % 20
P L. ST ot RAEBLVLT o258 L TONMIBEEZRERITEM Uk, CODEBREIT DWW TIEE

AR T o 2 TH B I ENEREINI, S0 . AV VikZER UCBRIE. 3V VidAYHE
WER EXEELENZOMETERINTOES M D5 THE, . AN TRERDOKREPHE
IKMA T, BEBRYOMBNIEBRED I DICA ) v EEMFERRICX 2 GERKERDPERDDH L, Vv
ERPERILEH EDRISHEEPCEBYOM KRB EZHS ) . FESCORHF 'V IKEFLEDHONTH S, A/
VIZEEH A L BRI AR S AT T AR TH b L BB ERTH B EB RIS~ DR
PHHIND, AV VEBEMTHE20T. —BHICIEREOHBEYEICN L TERAINTV S, BRED
BHERBE~OAX v OBRIZENIEEOM EEBME L., TR IA YV VEHESRBT 2482

L7, Table 1 Characteristics of mixtures of photographic
wastewater from various photoprocessings
0. %= E c0o BOD T0C KiN TP pH
‘ {mg/£) (mg/2) (mg/2) (mg/2) (mg/2)
30000 10000 15000 14000 100 6.5
2. 1 HeslER . ! 2 ) 2 2 520 925
SIREEICMASNSEMOEET 0 2 e
TRBERO R AR FEBHER & LTROV Ratio 100 100 1
Hoy FOFEWEHRBREEXLLIDRNT, JORBRICIBIE we
N
S T O S IS ®) W Oas
;;Eﬂi SFENTOROD T, BKERELTIO%EML THE Hydroquinone Catechol cb-1
M Uc, MEBRERBICX 2MKOBHEBMEIT25% HsCp CHy
M T - foh S SR E S psvoTime O O Hg”<:;”
Utro BHHBRIEICLAIREMABRIEER TIT > p—Aminophenol Paramine CD-2
VUM T 1 IRAEYILE U7 EE B A K EKTI0RS I HC, CcH,
FR LI, WARTOA Y AL & TR, ERE % <}*tf"wc>“%m”wm'ﬁcy%
B UTHEA DERBRETHLDICHER LI, Phenidone Phenylglycine cD-4
2. 2 Homuwyg Fig.1 Developing agents.
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HEREBTOETAYHMEEN T3 HRBERE (F1) | EDTA, Fe’*-E HOOCH,C | o no CeCOOH
DIASBE R KU LF LY/ Y a - L% (H2)TH3Y . BgEEL LTIR, Hooche” % ~cH,COOH
A5 -BEEHELTEL VSN TSN N-diethyl-p-phenylenedianine EDTA

(BMAC-1. K1) 28 L7, L,

CD—1 #k&EKEKICHER LTI 58/ £ & L. IN-NaOH ML T Q§%w4&
pll 8.0& L7zo /G‘,ﬂ”ﬁ*7°

EDTA EDTA-4Na ZEE/KICIMR Ubg/ £ & L. 2 A KEKTIOMGI %4?13///
AR UTo ﬁqk 0

Fe - EDTA#E LR0Osg/ L DTACEEL XD HFMBEO o N
FeSO0.+ TH, 0% M A 7244 . ¥ AR U The?* EEDTAZRIG X ¥, IN-Nalll% Fo’* —EDTA
AL TR 8.0& U #89% L72A%5 3 H RS L TRe® - EDTA% 56412 BtAl, cH, CH,

UTPe® EDTAL Utz AKBALMIILRE LTHET 58RO %258 LT bH OH
WOBE ., INEKEKTIMEICHFR L, Etylene Glycol

TF LYY a-b WHREELKEKICHER LTI 0g/L &L, Fig.2 Typical refractory chemicals
2. 8 EWEREICIXS L RAYWE in photographic wastewater .

B X AEEEREOEE I >V TIEIE ' L0 M EwE G::

[+]

Ufzo pll 8.0, BRSAEIREESIC . BERBROEFEMNOIRTIZSH & L
7oo REHREZBOEESMD L HRBSZ2H & Lic, ZRIBTO

5P IREE1X30, 000~40, 000mg/ £ TH - 72,
2.4 AV RmER (o]

MBFEAEA Y VORRE L. BMEMGEE1L /nink Uiz, RbEA J =
B

VREZ23g/m° T ERYE AV VBEREBIZ L —ETH -1,
BIG#H0E#IZ3.5¢ T, Z0PIC2.50 ODREEANNy FIRIZELD

2510
WEE U7, B 3IcA Y VRS EORNRATT . 4V 0 H R ; ’
HEERE L TRIGSICEA SR, BT R EUBR LS DBEr u

VIREZHE LTINS . RIGKDO—M%2 3R U Tplat i L7z,

p > P . 0 0.2N NaOH Sampling
PIIA LB BT  PHRIBE ) LT ik 5> C0oN- 020
NaOF % i HEI< iR U 7c o BT OMSRIZIRIUH T w 2 & 04 7Y Y —Tn L—{9

7 LTHRED B E1T - 726
2. 5 BEAKEIELD 2 RAEWLE

M 4 1272 B RiED ZRE B OME S R, BHE3I~5m Wastowater
DEBFZL 8L FH LI AKRELERE Ui, BEBIZA CEF_—lemuIWd£_—_
PCHEMN GBS LTSN T, AEAAZBM L%, S T (81 X2 ¥
BEME LA RN TFRE~RS o %ENOKORERIES. §¢;

Fig. 3 Shematic flow for ozonation.

50 TH5. KEREICBEERE L. KoL TR [ i :
FEAHIE U T20°CIroiE#F U7z o pHIZIN NaOHAHIMIZRIC L O -

> :3 :0 Y :'_’E N ol =

RMUTSOCHEELI AV VAR U EERBEIIER
(0.3~24) BYKEKREMETEERZ2L &L EFAI controller

IHIE#HA Lz, 28224 EL0RBEEDEO AN EN Gravel ¢ 3~5mm

ZAL LT HEHOIRTE —FE L6 TH S, B, Fk Water volume 8.50
DIRATIERYDOKREMA TRAEZFHEDMBIZL T, ;

20 DMK A ST - 720 Fig.4 Scheme of submerged biological bed.
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2. 6 SMRHIE

IRE SATIIFRICH S0 E ) TR RIS » TIT» 2o 7836 . CODIZ DT 7 /LA V) #KNn0, &%
BTz, KMn0, 3K Cro0 iRIC bR TR RENE 20, BHREBRREBEO o Mt A4 L2 8H . X5
IEHEHRES LTKERMUILOT, ThoDA4 v OUEEB Sl LR AEZTRM Uic, BILX
A7 MV BIIUV-3400. TOCIE BATOC-5000 . #AZE#H A ALINEIEIEECCT-12N, A/ AW 2ABERAF b o
=7 Z0N-623%F NEF NP THEE Uiz, N0, B X UNO, 3B — itk 7 o< b 75 7 4 —CCP&B000 A i
TSKgel IC-Anion-P¥# 5 ATk - THIR Lic, MBI LREABEOBRK I o2 /I 4 -5V &

BEHT Ny FCIBA S LIZE DE L,

F100

5.k A& §' 0, supply : 23 mg/min
2

3.1 AEYREBUCFHEHERDA ) HL % 50—

3.1.1 COD.BOD. TOCO%E %

B 5 @iGHIGREIC & O AR LIS HERO A 8
VMR A OWEE R LT OB, BB |
PHO $IBIEAT » TR o AMALER U 72 BEE 2 pl 6~ o ® ozonation tme [ %
TTHEN. &V VEMEBERL D ABITETLTH Fig. 5 Ozonation of photographic wastewater
ISR Tl 3ITIE L . £ DHRIEDNAET Ute, ZAbE treated with activated sludge process.
b & T IEREA Y U ANRIFI00SIR SR T L5 2000 1000
N Z0H%., BIHA LTS EIERE) . 3~108 =450 =
ME2T% Tl T . 0~ I5HMEn T U E g
CR2BUBE | 15BN 4% TR ~EEH->T 8 8
VB (3B , TOR®D/Y - UhBA Y UL s00 (

EOBME TR LTS 2 ERTFHENS , IRIBORK o T T

JSidA VY ORI RSB D TEOD 2B B LU 2500
S DRIGIZEH APILEZBDOA VU NGEN. A 2000
'y DRI R DR D TIEL o

%1500
X 6 (34 ) L 4LERIT 3545 5C0D. BOD, TOCO k% £
AT LI bDTHS . CODRE IR TEFLTL § 0

by AT BULT O KB DRI BRI IIRIE LT 500
WISOAS, TBBN 30~ 1 BFf, 2BEBSIZ 1 ~ 136509,

¢ 5 10 15 20

0 5 10 15 20
SECRS IS ISRFRILIR TH 5, 1B RIS H P H# Ozonation time [h] Ozonation time [h]
ITLTW3E, Fig. 6 Ozonation of photographic wastewater
BODIZ A /' o ik ERBA 46 . BT BN LT3R TR treated with activated sludge process.
. Number in parentheses is the ratio
KMIZE LI . BBUCHEY U TT~130mI31313— of dillution with pure water.

EfEERL. BEEDBEBUBEECEL LIED T3, RKEIKET 2 E TORIGIEA YV VIRILD 1 BRI
SHEG U R S 15K TIdA VIR D 2T IS LT 5, 1 BB TBODOS M L TH 0 . ¥
BEE R DA S IO BB RE IO TS, AV AR ETREALR DKRT SR EEEE . A
VB EBDVRKNICET AATRT LT, ROEYUAR~BEETH S,

TOCIS FE B sETE . DM U12BRI E TIRIE & A EEARZ L L RERUBENS D UTF2RP LT
Bo U U, AV v BMIZEBTOCHBRENRIEND T P OFEERKSDC0,~OFHLIZR D TIERE
BHTH S, k. RISHBOTOCO HEF 3 . TCREEE TRBENATZLWEBILEMA . 4/ VB
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LICE DBRERO L DO EIIERE WD EBDbNh S,

8. 1. 2 RABRARZ éA) Photographic wastewater treated
ML DZEE) 1or with activated siudge [ (C) EDTA (0.5¢/ £)
IREMILEER L 15 HBER D 8 1 Before ozonation
B E2000m~400nnE THME & 5
© - = 0.5
U7 A7 MLERT A 5” g » Ozonated
R, ABBVEIARL 2 o
THIELZZHO T, 220mn& 1 ) i _ : . :
310nmiz R 23 %, Al c200 250 300 350 400 o200 250 300 350 400
1.0py (B) CD-1 (0.5g/ 2) 1.0r

UCEHEERAEZVEIHFERLL (D) Fe®* —EDTA (0.59/ 2)

DT, 310nnfED BRI 2R 1 Before ozonation (30)

1 Before ozonation

5 PVERMA LI GO THD, § g (10)
LT, BEEITST2WRE g 051 go.s- 2 Ozonated
ZETHY o < < o)
EBroold BB EE (K1)
DR EVRIVICLEDE %00 280 a00 0 40  ’zoo z;o 3tl)o B0 400
4 Inm] A {nm]

BEbhb, B3R E Y
BEODhIZC0,27, NO; 7L E D Fig.7 Absorption spectra of photographic wastewater.
BRSOREAESEN TS, Number in parentheses is the ratio of dillution with pure water.

Bocold REDABAE S HBILER UL 027 N0 B EDHBEZF LN , 2517, EDTAB L UFe®*-
EDTASERD R R 7 ML (ClBELUDD KRONB L DT, EreoTIHEDTADT I / BV It L 3 LB B R
PHREENTE, D-LOARTZ MU (BD) ICRSNB LT, B o @R VY VRITERENEA XN
BEZICHEEORREBLNS, AB. B 3ARYZ ML (A ORAITRIEALETH S,

Brson Broo BEUEso 24 VOEMBRICHLTT Oy F LIz bDER 6 17T o s ol3iEmBA%
BA UM TRLICEELTED. hidA YV v RIR (K5) OF 1 BEIIHET 2, B OEADIE. B
BEEON VL VBOBRENBMUEZ TOEILETBLTO S, Bk eol WM E TEIEMLLT
WRELOD T, KIS TRV ERPCETAICEALERE TR I EERE LTS, [FEEZNS
EozobEeeoldiEA L RV VBOBMPETADT 3 ) £OBILAEERE LT 5, BODWRKEISET S

SWFR TEs1 o VHE L T 5, 300 Matelc acid 500 Oxalic-acid
PElnZ &k ipEoAy v RO 1B#E . EDTAD o
200 400

T EDORETNIIRBEEDRN € LV BROBERED

BALE 2K AU E U ROBAB LT EOARTH T 100 200
HO2ER WA DOBIICE - T, AWM IEHYEIcE £
RENDBEICHIEL TS EREENG, KTy Bare & — s
DEZS 1Tk > T AV VOBRBHEMBERORENRT E 0 ormic acld
&5, 8 400
3. 1.3 AVUVBILICEDAERTIFEER

8 1ZBODO Ak R MBI TE S 3 & T BEH H D B 2
DREZTEREI O LT T 4 — 10k > THNI, S I
LITHBNB 0 ER . . FBR I G T I L ? ooniontme 1 .
TW5h, IREHREIZ X O REIIBREZINhE DL Fig. 8 Conc. changes of organic acids

during ozonation.

EENEN, EYUBEIEIBOLOIBEEL TS,
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FU VBRI L DB EEO SR ERKERbN S LA U BIEMN L TASR TRAICE Lk, MO LT
VWE, THIEBREEOR D EUBOMRIC LD EL. S5KBEART TED TORBMIE S ICERS O
TG, BERIE— RIS LT a0, BRI L TR LT3, FRIGRICHER & & SiclmL T
%, BAMUEMEIERBECERIN, XOES FOERMEIIERIN TS, B, AV EDR
LD . ThoDEBBOMIZISEOMENERTZ1° 1" EBLNE M. OLAWITOOTDIHFIRT
- T,

3. 1. 4 FAVUBLchid2plmR

v BAL DU A F Tz, 0. 2N-NaOHZ 51 L Cpll % Fi s
DEIHERF Urc, B9 ICpR 3.0LpH 8. 012k 1354/ o Haflly
R & NaOHZS A1 5 > B % B L7z o pH 3. 0TI ARERILL4% | pH
8. 0TI ABE R L0 % TNaOH O 7 B AN & 4 . BRALSL IS 01348
IE LT3 o RS 5 TNaOHD 14 235 AL LTH b o ZAL
4 BEMIEPIC & > TR TS,

AR S B0 B & UBs ), & DBFEZR10IC 79, pl 3.0T
Eeoo Bsrod bIZ 1 BB TRHAT 20108 LT pll 8.0TR
QBB T LT B o By o DRIGBIBE RO BRI ZEE L
SRR OBEATRE . ZORED 5B HHKT B E TOEY
Z2KE & Lo ENENORIGHMODMKIETEE A~k 2%
B 7Y, 1B HEpHO M E & &I RIGHRE D | 6o v 2z 3 4 5

Ozonation time [h]

pll B LETRIFIE-EERB TS, 2ERHEpHDET E & HIT Fig. 9 Amount of alkali added to keep

8
T

Volume of 0.2N—NaOH [{/K? —waste]
8

B UColl 2ZIETHEBL T3, KPTOX/ V EHBHOD pH at a value during ozonation.
RIGH0OWHRISS LU0 BHUT 100 o 2.0
BB U 72005 Uiz & B B BRI A% o. :“MZM
o . s ages
D | AKpH CEHERIG . Bl TRIER G 08 260 nm(30)
BRI S EDEMINT S ::
YD BHBERO A B O pE R o 1.5
IO&HURICKEEILE S b0 LBbh 0.3
2. 0.2\ 310 nm(30) z 2nd stage
3.1. 2Tt k 3 1CBODE ot 8 O] 2
© —
THRESTRAICE S, JORBARE § 0 1 2 3 ToF
c
B (RIFDIEE & 28 H 047D 3 é;g at pH 8.0 g
SO . . 3
pHOE T EE BICHA L. pH 2TidpH 9 08 260 nm(30) 2
DHN/2TH 5, pHFIHIZITHIZOIBEIT 1st stage
. AV ERBEE & SITplIRE BIC 0.5}
KT UTpH HEIET 5, -TL &
IR 50 T pHFIH & 1T H S WA %Y
RINTHD,
72 4 N 1 1 1 ]
3. 2 HBHSBURIOA LB 05 4 S 810
3.2.1 CD-1 Ozonatlon time [h] pH
N.N-diethyl-p-phenylenedianine Fig. 10 Ozonation of photo— Fig. 11 pH dependence of
sulfate (CD-1) KA D220~400mmd W  wastewater treated with reaction time for
activated sludge process. each stage.

WA ANk piEhEd LT 5,
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(R7B) o RI2ICA Y o EmIS CD-1 %00 200
FEOCOD | BOD., T0CH & UMOEDZALE o Al st
R BH . B DL TIREBHRE R 220 2

FEHEOMESEC LTRHIE LR, JhidHo& 8 1ol g1

OEHITL B, FISTOBODELHKZ D "

T W20 R i % 7l 2 O SR TR o ! I
LTSt Uiz, 48T . BODHIEIC S RO LT |
BRPBET | BOREOERTRY VT _ o | 230 e

) oStk D RIEHO B BOKE B E EM
BoTHB, LidL. OEA ERM—FH g
FTOBDARAICES BRI EET 8 < R

HBEDT, Bar o WK T B BRI TR OBODIC 00 L DRERAS0

Ozonaﬂonstlme )]
Fig. 12 Changes of COD, BOD, TOC and absorbance for

DWTIIMOIHE & [FRE O T HElE

L7,

CODD /Y — VIFTEBEROHE EHM L
TW5, BB TECODMNABIZKY LT
W5 BRM TIRCODDRPBEEIIET LTS, ZhIFIBET
HEUIRIEPEEEA Y VEORIGENMENI EE2R LTS,
CO- 1B DN (IEEAEEYHBUERI 0, BODIZA

TE DML EMSEREOMEICERINT S, TDHE
BODIZ & KIZE Lctk s B LT3, TOCR RISHIEE % 51313
—RRICEA LT D -1 GERTC00. 1 F THRILMEEH
BIEDGINE

A BT | Ersod5 K DB o3 UL Ear o iZBODAY K
IETABETHALTVLS (ZHhiZRERED R OBODHEIEIC &
DHER L) o -1 T, &yﬁyﬁﬂiﬁm?ﬂﬁﬁfbﬁ&ﬁféfﬁ%
INBTEETRLTO S Lo dRISHIPIC 2BUTED Uik,

CD-1(2.5¢) during ozonati
is the ratio of dillu

AN
HC,

15

5 10
Ozonation time [h]

on. Number in parentheses
tion with pure water.

H
N

, CH,COOH

C,H, H

J

CHCOOH COOH, HCOOH
CHCOOH, COOH, NHj, etc.

oal
COOH  HCOOH,
COOH, NH;, efc.

9,

FHHM LTS, 7 02 b 75T ORI < LA V.
M\%@\#@m&wﬁ%@#ﬁ//Mmk&ofiﬁté_&#
BRI,

LLEDRE RIS RI3IRd & 5 5 RIGHHsHE N, (- 1ig  Fig 13 Mechanism for ozonation
FT K S TNTH ) U4 L L EMBICERENS, S5 %/ of CD-1.
//4\/MEmﬁ# WOT, BHICHLINTRICRT & 5 HAHOABBMIER TS b0 EBDNS,

SITH MO —WIZ00, 1% THALAN B D ERDIG, 1. R5% ) VU4 3 VO SRESLTH
ﬁ%%%&?éo:nm%fywmww%'%@@ﬁﬁ%ﬁﬁ%&éﬂfﬁkb X 51 AR O 5 &
EbiT GA2BE®) ML &G bIEES NI, WTRIZ LTS AMEAMREDD L34V sk b .
HAERTT 2 OSBRI OMIE I B RINS EBDNE

3. 2. 2 EDTA

EDTAI 7 B260nmic 456 DV B 45 4 I & D Basoldiied 3 (B7 C)o K141 HERRRE & EDTA
FEDCOD . BOD. TOCH & U MILIE DAL A T 7 o CODIE & BRI F M2 BT — RIS LIZIZR eIk
FENTHAS, TOCR—HRIZERD U, O E THALIN TS, Bee o I UL TOLED. 7 3/ HDOWALIZ
EDEB LN 1 LB EBbhD, - HESITATOBE E ST LON, KEHOBILZAAY FLbi—H L

o

co,
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Fel ESHER Uiz, EDIALA Y sk

DB N, B, B, FRalos° 0sg ) 1%
BOFREN. SO INCOERME B 2100

COIcE THMALZN T 5, BODE L TTO0 :50— :

COXB & DEDTADA /) v BAL TiE . K 8 2 s0

BN S UTAUTHECCODERY . . . ,
FEHCEAT LT EBbIE, 152 5 10 102 5 10
3.2.3 Fe-EDTAgE 059t
Fe**-EDTASEDTA il Ui 5260nmic4¥ S 4o | 3
HOBRRLHY . AV ek zop & 2
BMETS (RTD) . WIS KRSNE 8 s 2

£ HITIT . CODIZHAMSRID 7272 & DS K . :

HPERTHY LIFIFRRIBREINT % 5 10 15 10

0 5
V5o TOCHCODE IR MIATHD LT Fig. 14 Ch°‘°“""°“f""(';o;;1 BOD, TOC m;“"";“ "';" - fi
. e N ig. anges 0 , , and absorbance for
B0 HRBTEERTRII D00, 12 % EDTA(2.50) during ozonation. Number in parentheses
TRILEN TS o Pe® -EDTAH AL 4 < is the ratio of dillution with pure water.

MRV TH B AV kB0 g

150
DIZHN LT« CODID O S BN He T 3 05 g0 05 9/0
BEEE XU BAT BIETRA 5 100 < 100
AT LT, 3.2, | T~ & [ BT, S £
BODIZABOIE H & D5IEF L RE DRI T § 5 g o

FEREAT » 1 Bea o MK T H KT
BODAMRICET 5 Z L3 RA—REOHEMT 0 5 10
R L7z, EDTATIZBOIZIEME 3. & /2

Busold M2 L TU L2 80b e EDTA & % 8

R15%o Booo DEBNS | DA EHE £

NO, 1T & THAIHMLINADICHLT. 2 g

Fe®*-EDTASS A D E R T A E R AMX

N OB TIEE s TWHWB I EEZ (6 10 20 30 40 ) 5 10
Ozonatlon time [h} Ozonation time [h)

Hhb, £ AT, CODRYD DFELIDHK
T U EesoNEBUTED T 5 BBt TKER
EHE DB AR U« Fe' g R D
HXNTHBEIEERF LI,

3. 2.4 xFLryryYVya—yu

IF V) 3= IR - TEREEITRIIIRED S N, BIL6ITC0D . BODE L FTOCO EE %R 5
COMERENC S EMFNICOBROTEIL LIS OWETH S, AH . COXERRBSIHREE
OEFEISDOREL DEEL LT, MBERSE > TS, 4/ Bz k00D, BODE &IH
MUTOE . T TCOBADEEBEL | FIEFREAC042F TR I NI O EEFLTO S,

3. 2.5 BHREKEMr»OERSEDF Y L BZABEROER

BHEROA ) IE TRICIC RV EMRIRDONT . HBERFDC0, 1 E TOBILSRISH L —FH .
B B4 VB TIEIF LY a - VERNT, HYEESNC0,ICE Tt X, RIT. EFK
R RIC L DMELICEZA, BRHTRELETIHE AL VEIE2MAET o2 2BLT. TOREIZIELA

Fig. 15 Changes of COD, BOD, TOC and absorbance for
Fe()—EDTA (2.52) during ozonation. Number in
parentheses is the ratio of dillution with pure water.
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FEMRFIBEHONE T, TDI &N 3°°W 1500
Pe* "3 ERR U TCRERFETI . _ 309/ 309/t
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Fig. 16 Changes of COD, BOD,
and TOC for Ethylene Glycol
(2.52) during ozonation.
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Fig. 17 Load and removal for ozonated wastewater
(BOD~625, COD—616,TOC~656 mg/ { ) with
submerged biological bed.
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