BT R ARSCEE - 5530% » 1993 (Proc. of Environmental Engineering Research, Vol. 30, 1993)

(18 =EaFEAR 1 D A= ¥4 55 R PEA BT D = T o WLEHE
0ZONATION OF REFRACTORY CHEMICALS IN PHOTOGRAPHIC WASTEWATER

PINIESE" . A BB . W2
g BLL LR AT
Masami TAKEUCHI*, Sadaaki MURAKAMI*, Masayuki FUKAGAWA®,
Hiroshi NAKANISHI**, Takane KITAQ***

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. We 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
was 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 lst 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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L7, Table 1 Characteristics of mixtures of photographic
wastewater from various photoprocessings
9 " GOD BOD TOC KjN TP pH
- R (mg/2) (mg/2) (mg/£) (mg/ L) (mg/2)
30000 10000 15000 14000 100 6.5
2oL PR wzu 5000 0000 100 Z 0
. 00 1 2 16 500 ]
FIMEZBIMAINSFHOFEH T 02 3 1 E
'E*i)%/inD/Rﬁ/&’&f;E%ﬁ%‘ﬂﬂ& LTHW, Ratio 100 100 1
#oOy MOHEBYEREAELIIRT, JORKICIIRE HO N
ORI RIS A0, HRECsER 2 ToREE o O)-ox w0 O
52
FE AL TOROOT, KEERILTI0%F ML T Hydreuinone - Catechol co-1
A Ul o B R8T & 5 ik O il i N & 1325 % Hg €, CHy
)d—ﬁ‘ *ﬁ*é\ . ’ = . . # ’ HO NHZ HzN NH2 ’ 2\N NH2
fHRTEH -1, ERMITRDVEDIEI NEL D TI0% & C C H G, C
Utco iEHBIREICE B IIRAYAR I BAER TIT 700 A p— Aminophenol Paramine cD-2

VU TS 1 IR ALER U 7o B E BE K & /K EK TS H oo HsCa CHy
FIR U, WMHRTTOA Y VAR & AN, RERIFR & @N\N/\‘/ Ho NHeR; coon HC, /N@ NH,
U THA OFRBRET I IDITHER LU, Phenidone  Phenylglycine cD-4

2. 2 HESEYEWE Fig.1 Developing agents.
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HhS5-BEMEUTELHO SN TWVAN, N-diethyl-p-phenylenediamine EDTA

(FRAO-1. B 1) &#a L, @

CD-1 MEKZEKEKICHERLTO.52/0 & L. IN-NaOH %ML T o °a,2_oo\
pH 8.0& Lo /%_%70

EDTA EDTA-4Na%k &RAKICHM Log/ £ & L. ShEsktikTl0fic @4f:?///
FR U7, Nocot
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UTFe® -EDTAE L7c o KBRALHIIERE & U THTF S 2 BB’ 2 A8 LT OH  bH
WOBE ., ZhakEKTIRICHR U, Etylene Glycol

IF LY a— ) WREEEKEKICER LTS 0g/L & LT, Fig.2 Typical refractory chemicals
2. 8 JEWIBREICEA L RAEY N in photographic wastewater.
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NaOH 2 B IS 7 U e o BTS2 QBRI 3 7 & D2 7Y —m4::FJ
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2. 5 RIEAKEICE B 2 WAENLE

INd
2
=

Fig. 3 Shematic flow for ozonation.

[ 418 5 R D KB B OB % R, %3 ~5m Wastewater
DEBHIAL 80 FH Ute IR Z 20 Lz o BEHIEA QD |mwubw
FTHBMN SRS LTSN T. AKAZ @M Uk, & 1 082 X2) ¥
WA B A T TP A~TR 5 o %18 DK RIS, f?ﬁ
50 TH5, KBRREICRERE L. ROSLITHY TR i Ak
A I U T20°CIHERF L 7c o pRIZIN NaORA HIBNEIC & 0 ¥ =
V?JEDUL/’CS.OL:@’%EI‘J?:O z‘/ VIMVEE U7 BEER AT ER <_
(0.3~24) MYKEKEMA TEEZE2L & L ERANC o controlier

IHIERA Uz, 28%20 & LcDRTHERNE O AfTEN 4Q‘ ;f: Gravel ¢ 3~5mm

ZA LT HEBOIRIZ—EELEDNSTH B, B Bk Water volume 8.5 0

DIATNEF > DKM A TR ZFEDRLEIT LT
20 DRI AR XHL - 72, Fig.4 Scheme of submerged biological bed.
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- gﬂ)ﬂ
8. * §’ 0, supply : 23 mg/min
2
3.1 AWM U7 BEEROA Y B %w_
3.1.1 COD.BOD.TOCOXH :
5 3G WSIRIEIC & D A U SRR A S
VB E A Y ORIEE T LT O, BB !
DHO BB AT > TS o AL 7 BEiiZpl 6~ ° ® ozonation tme [ ®
TTHAEN A EMBEE®R L DBBITKT LTH Fig. 5 Ozonation of photographic wastewater
IR TpH 317E L. 2 DBIE DM ITIET L7 o $:fi B treated with activated sludge process.
Gk & T IBRIZA Y U NEIZ1008RIL S N T B 2000 1000
ML ZDH. BITHA LTS GEIERK) o 3~100F = 4500 =
ME21% T E—E T, 0~ 1SR b s L E T g
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W5 GESEE) . CORD/SY — s A UL soo " I
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WADNDY, 1B 0~ 1 IR 28R 1 ~ I3UER P
0 5 15 20 0 5 10 15 20
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Ozonation time [h]
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Fig. 6 Ozonation of photographic wastewater
treated with activated sludge process.
Number in parentheses is the ratio
of dillution with pure water.
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CEOBBEROIDBCHEICERINIDERDNS,

3. 1. 2 FABRARS (A) Photographic wastewater treated 1.0
ML D E T with activated sludge : (C) EDTA (0.5¢/ 2)

TREMILIE U TG HBEB D 3 1 Before ozonation

#E2000m~400mE THME 8 5

% 0. = 0.5
ez baar7A £ 2| |2 oaonatea
IR A2F00ISHERL 7 gg‘“
THEL7ZHD T, 220nn& N . . - : ‘ . .
310nmIz UL 885 % o A LX) %60 250 300 350 400 %00 250 800 350 400
UBEBEREVZICHR LU topy (B) CD-1(0.59/ 2) 107 (p) Fe3* —EDTA (0.59/ £)
b DT 310nmAd T DI AR 1 Before ozonation (30) o 1 Before ozonation
PP VERKLEbDTHS, B 2 1)
N 5 SN N 2 05 £ 0.5\ 2 Ozonated
UTF. &EICH) 2800 3 g tor 32h
ZETRT, < < (10)

Bozo @B EIE (K1) . ‘ : ) _
DRUE VB IZEEE0E %00 250 300 350 400 %200 250 300 350 400
BbNs, Lol B A toml A [nm}

BT 0052 . NO;~ 75 & D 4 Fig.7 Absorption spectra of photographic wastewater.

BRAORIEE N TS, Number in parentheses is the ratio of dillution with pure water.

Ezoold IRERDAELFIFE QDRI Z /R U C0527 NO3 I EDHEEZIF LY o X512, EDTAS L UfFe®*-
EDTASS A D ZARZ M)V (ClBLUDD IZRONB K DT E2so)TIBEDTAD T 3 V30 1tk b LB bh Bk
PAFENTO Do C-10ZART PV (BD) ICRONDE X HIT, B ol@ NV ¥ VBICERENEA S NI B
BFREIHFEFEORNEEDLND , B, Es10ld AR7 ML (AD) OKANTRIBENRETH 3,

Bozos Broo BLUEs10 24V VOBEMBFRIZH LT oy b LD ER 617, Bouold HfhBIAH
WA U TR TREICHER L TR . ZhEdA Y VIR (B5) O 1 BEICHIET 2, B oDEDIZ . B
BEEDON VL UVBROBERIENBICEZITOEIEETEL TS Erao LB oo (I FIFMFE TREMNRLT
WIS D T RIS TREAN BV ERPCETAICEZL BB E TORNWI EEZRE LTS, IFFHBAZNS
Booo&Basoldiid Uy NU¥ VBOFAPCITAD T 3/ OB LMEZ RS LTV 5, BODXRAMICET S
SR TEs 1 o WHE LT3, 300 Maleic acid 500 Oxalic- acid

Ut Xy, widoA Vv RIED 1BEIE . EDTAD O
T EORMACE I HEEEDON L E U BOERIED “'°°<
BAE & T AUCHEC X V¥ VRO MRS L UL ORRAN D a0k
HO2EHSMADRAIT L > T AMEARIEWE 1% E
BN BBERIHIE LTS EEENS, T/ Boro 8 e
DEZY —IZE>T AV O EEMER DR ENT % Acetic acid soor Formic acid
&5, 3 40 a00}-

3. 1. 3 AYVUBALICEDAERT B HRE 6

R 8 IZBODD EAR KIS 5 & TORMTOGHER *

SR ERIEK I O VT T 4 -1k - THN, 200 0 1 1 |
LITHBNB D, . Bl FREATEERTCEEL "' oronstontme 1T -
TWB . IRAEMBEIZ L ) KEHEREIND b & Fig. 8 Conc. changes of organic acids

during ozonation.

EEINDN, EMRBRESRIEOBONEFEL TS,
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3. 1. 4 FJVUBMCICHIT BpHm R

A AL D pHh R % <7, 0. 2N-NaOHZ 7 A L T pH & p
DMICHERF U7z, B9 ICpH 3. 0&pH 8. 01Tk 1F 54 Hefibif
74 & NaOHiZS Il ik D B % AR 7R U 7c o pH 3. 0TI 4BSRILL#% o ol
8. 0TIZAIFRY LU % TNaOHD 4 B E 3. BALKUE AT T2
LT 5 o G TNaOI O i B 2L LTH D L ZAL
T AU EPHIT & - TRE > T3,

AR & Boo ot L O, 0 & DRIEARLI0ICRT , pll 3.0T
[FE260« Bar1oE BIT I BB TR TE2DICH LT, pll 8. 0T
QBRI T LT B o By o D RIG BIA I 4 O B2 AR L
IR O ZEIRE . J 0K S 5B 0 DK T B & TO R

g

Volume of 0.2N—NaOH [{/K{ —waste]
8

22 HE & Ui, 2 NEND RIS OpHEFETE & R~ 7o R o L ! 1 1 L
RINCRS . 1B H IO & & bICRISHMAME 20 | © 1 omoation time
pH 624 FTRIFIE—EEL>TWB, 2B IEpHDIR P & & HIT Fig. 9 Amount of alkali added to keep
WA UTol 2BETHML TV 5, KFTOA Y v EFRYOD pH at a value during ozonation.
B30 DE R IG5 L 0 8388 LT 1.0 2.0
at pH 3.0 1st and 2nd
AR UT20RT 71 )UIT & % R B IS 23 85 0. s‘:ﬁ;’; n
D | {EpHCEBESIS . FipH TR IES 0.8 260 nm(30)
BRI B 2 EARE AT S!S g;
1D BEEBROA Y B OpHKFEER '. 1.5
DX BRIEHEHIIEI S bDEEDN 0.3
5. 0.2\ 310 nm(30) = 2nd stage
312THK & S B0 ik O 2
T HREETIRRICIE S o Z Dol JLEL I 'g 0 1 2 3 T 10F
= [
W (RBOIBE &28 B oA & 8 10 at pH 8.0 5
3 BTN S 0.9 3
PHOIETF & & dicid U, pll 2TiEpH 9 0.8 h,260 nm(30) o
D#IN/2TH 5 o PHRIHZIT DT VHEIC 0.7 1st stage
W A MBS & S ICpHIZE BIC 0.6 0.5
& UCpl 3FiTICET B, fiE> Ty K 03
- - . 310
mRic s TReRmE T b [ e
EHTH 5, 0.1
| > N M 1 ] 1 |
3. 2 KRR DA ) VAL o p g 0 05— 8 T
3.2.1 CD-1 Ozonation time [h] pH
N, N-diethyl-p-phenylenediamine Fig. 10 Ozonation of photo— Fig. 11 pH dependence of
sulfate (CD-1) /KA D220~400nmd W  wastewater treated with reaction time for
activated sludge process. each stage.

WigA Y sk s oI LT %,
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(B7B) o RI2ITA Y R &CD-1 300

N
o
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HEDCOD | BOD, T0CH & SWOLIEOZ L% Ikl pe 9t
R 1E . BODISOWTIR BB 210 B 20 ?

HEKLOMEE LTHE L, Zhidox 8 1ol g1

OBMIZE S o RIGHOBDEAL A K E LD i

T, WA ORIEHZ < ORERTHER | T— 1 ol L L |
UTHIE Lz, $E-> T BODBIEICZEDK 600 W0 parsom

D DET  BOBWEOKIRTEY VT _ . | =30 o

VU A& D RISHO MY ROKE 7B 34 EM
NoTHE, Ll OmEHE & F—%H H

F OB AICES B TET 8 < q

HBDT. Earohitikd 5 R AT DBODIC 00 L DRESRROG¢
DT DIEH & R #EE OB CHE 0 Ozonatlonstlme hl 10 0 Ozor?atlon ﬂrzng [hl 18
L7zs Fig. 12 Changes of COD, BOD, TOC and absorbance for

. R, ; e 1 CD-1(2.52) during ozonation. Number in parentheses
— B P BA L
COD@/f - YRERARROEE ERUL is the ratio of dillution with pure water.
T3, HEIBBE TIZCODNaBIcHY LT

VB, BB TIRCODD A EE IR T LTV B o & A LB T H

1 R RIS E A EDRISHDIR S &2 R LTS, e oo
CD-1iZBODDEAV/NE 1F & A EEWMMRN AR X1T, BODIZA @ . D;?] » CH,COOH
VUREDHMU ERAREOMECERINTOE, TO% N N
BODIZ R KICHE Lotk B LT3, TOCIRIGHIEE %N S13E & °°

AR LTH D L - LRI Z T C0. 1 £ TRAL AR S o|

BT EMGNB, CHCOOH COOH, HCOOH

A VBB  Baoo £ TBs 1 olZ M U Bay o l3BODAMRE K CHCOOH, COOH, NH}, etc.
KT BEE TR LTS (2 4L IR EE 0 38 BODMIE 12 X %

DHERE LT o OD- BT . o+ BT ISR BB T ok COOH  HCOOH,
ENBIERRLTOS o Beo o SRISTINC SBUC B LTk b COOH, NH , ete.
FOHMULT OB, k7 0w TS TOMBED T LA VB, %l
B FERR. FEE S OB VBT & > TR B D & co,
RN,

P L0 R SRR & 3 RSN E S h 3, (-11g T8 13 Mechanism for ozonation
AT S TRTHE) VIV ERBICERENS, X5 %) of CD-1.

YOI VRRISHENECDO T, BHICHAL I TRICRT L) REEOGHEIERT 2D EBbN 5,
EOICHMEBO—ERIEC0ICE TRILSNE DD ERBDNL, Fle. NTIF/ vV IV D—HIREALTEH
RFERRT 50 Z0RA YV VEAOHIIZBED BB E MR INTIE L L. X 51 HE IR O 8 &
EHIT (F2HRIE) WLl &b s biiEES NIz, TS LT EMEIBIEDOC- LAV itk D
FRBLEDEM BT OME ITERINE EEDNS,

3.2.2 EDTA

EDTAIE M 260nmiC 4 DWW DSH B8, A T & DEes o3 AT 5 (K7 C)o BI14IC HeflReRY & EDTA

I DCOD . BOD . TOCIs k MMIGEE DAL % 773 o CODIZ# L IRR D BB 2 4% T — 4RI LIZIZEARICK
EINTH B, TOCE—HRICTHD U, COLIZE THILINT O S o Eopo WML TOE N, 7 3/ EHOBLIC
KDHERUING ICEBERDNS . JHIBEDTARDEHR EEETILVONO; IKIFEEDBILZAR 7 MV N—F L
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T ENOHER U, EDTAGA Y iz &
DEfbEh ., BRE. ek, FH S04
BATFHIN, X5IIhSDAEYIE
CO I & THL XT3, BODE K TTO
COZEE X DEDTAD A )V BAL TIZ . HHE
BEEED A BB L N Z i fe < CO, D A M
FFFIC T LT3 EBbhs, 152 S 10 102 5 10
3. 2.3 Fe® —EDTAkE 0590
Fe®*-EDTA$EDTA & [l Ui ££26 0nmiZ 4%
BOBMMNGH . A Ik h DRI
IEHKTH (K7D) . KI5 ItRhohb
£ DI CODIZHAMFRG D 7272 & v L i 260 nm (30)
HPASTHY LIZIZEAICRESAT  Og o —w—3s  °0% : 0

W5, TOCHCOD & Ak 7 fdia Tl LT Fio. 14 Chozonauon ftln(I:eO;;] 0D, O Ozonation time [h]
BY . GREETT & A R TR AC0,1T £ 18- anges o , BOD, TOC and absorbance for

EDTA(2.54) during ozonation. Number in parentheses

e

0l 059 ¢

g

50~

TOC [mg/?]
g

g

COD [mg/?]

BOD [mg/?]
s
T
Absorba nce

o
I

THALIN TS o e -EDTAZEfKIZ 4 < is the ratio of dillution with pure water.
IR TH B0, AV 12K HBO 150 150,

DiZHEM LT CODIRA DFEIA MR T § 059/ ¢ 05 ¢/ 0
BHESE L OB BMET B ETRA 5 100 < 100

25 Utc o 3.2. 1 Tilic /e &7 LR T & £

BODI DT H & 051G O T § O g 50

FBREAT - 7215+ Baoo DIKT 5 IS T

BODASRIC T 5 = & A—mEORBT 0 5 10

Wi Lo EDTATHBODIZMIIE S, F 70

BesolE I L TOR 2T DI & 5 800 3

RIE% o Beoo DEBHD S NTADEFIE " 400 §

NOs T THRAKMALINZDICH LT, 8 5 2

Fe'*-EDTASS D H R I A EFIL AWK &

INH, DB TIEE > TWAI ENEZ 0 10 20 30 40

N L . . Ozonation time [h] Ozonation time [h]
5N 5, &I AT, CODADFEMAH
T U s Baoo N80T HA 4 5 BB Tk Fig. 15 Changes of COD, BOD, TOC and absorbance for

O B e Fe(l—EDTA (2.52) during ozonation. Number in
EH—ROILBAVER L « Fe*" Sk parentheses is the ratio of dillution with pure water.

HXNhTWAIE4R LT,

3. 2.4 xFLVFYa-)L

IF L7 a—)NT@EEEs - aTREEIC RIS S s, K161<C0D. BODF & MTOCH % H) %7773,
COMHEIBLFMIT S . EWFERNICOBOD TBIL LIS OHETH B, Wb I ORI S04 R
DEBRNOMBDORELV6ER LD T, REHENEC L > TS AV VB LIC L DCOD. BODE & 12 H
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