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ABSTRACT

A laboratory experiments were performed to investigate the treatment of photographic pro-
cessing wastewater by chemical oxidation and biological treatment system. The effect of reaction
conditions such as hydrogen peroxide dosage, ferrous sulfate dosage and pH on the COD removal in
Fenton oxidation were investigated. The optimal dosage of hydrogen peroxide was 2.58 M and 3.87
M for the developing and fixing process wastewater, respectively. The Fenton oxidation was most
efficient in the pH range of 3-5 and the optimal condition for initial reaction pH was 5 for a de-
veloping process wastewater. With iron powder catalyst, the COD for a developing process
wastewater was removed in lower pH than with ferrous sulfate catalyst. The removal efficiency of
COD for refractory compounds such as Diethyleneglycol, Benzylalcohol, Hydroxylamine Sulfate, Am-
monium Thiosulfate, Ammonium Ferric EDTA and Disodium EDTA in the photogaphic wastewater
was found than 90% except Potassium Carbonate. When the photographic processing wastewater aft-
er pretreatment by Fenton oxidation was treated with batch activated sludge process, the addition
of KH.PO, as a phosphorous compound improved the removal efficiency of COD. During the con-
tinuous hiological treatment of developing and fixing process wastewater after pretreatment by Fen-
ton oxidation, the effluent COD concentration less than 100 mg// was obtained at 0.425 and 0.25 kg-
COD/m" - d. respectively.

Keywords : Chemical oxidation, Fenton oxidation, Photographic wastewater, Biological treatment

LA & ApRl sl COD7F 25,000~80,000 mg/io] ™

BODE 8,000~12,000 mg/i2 ME3hdez zg

Abzl #AbaollA Wl EEE deRe WA 29, b RS B )] ool AlAls g A e

EEE R PR ER R R S 8] Slshad e g eha Alely mrhe s ey
Lo ,9

A
Shs -pAl 2 A a5 9low Apld e 1
Exel f7] W 57 GAE s vk duky
o7 AlRlFHe] 2 HE-& zFEael] Aol A $EtE]
o] §f 52| £V 5 3|58 3
23te] 2% FHAA A=sia
Drum dryerg AH&-3he 7ol
fubgl Wat o]z} sjlEe] piEwe] AR uf ¥

off sho] iz Fo] &4t H7) & b}

F-ofl drum dryerZ o]
= AAoelch
AgE A EAE

L

34

& gk o] wiEAT Ao FEsT oleh

shep Ay & e SEs) whan, g4 w9
A5ph g FARb] S 0o BAE Aelg
S aloal gaele) Ael @ 4] Aol g Rof
o 2] ol-g 7 gk Bhekd AshAl e o,
AR, SPALE, G % ol Sol
Akl sl Se] Aol 2o]iz

27 2942 d-E A4 =0t 3l



Treatment of Photographic Wastewater by Chemical Oxidation and Biological Treatment process 35

= &t} ey sbseaE o xbale Aksle o)
it A Zefstoll M= e 4EE S Jehlis
OH =t z7|7} kA= v o] OH #lc|&7|7} 71 &
2] Abzjul-gof Toidhr}, o]71-2 Fenton AHshul-g
o 2 a#z] 9t} ? Fenton BFE Foll&= 23} 293 %
o] HA =] ¢b7] wjFoll A EA-E b
o2 Aalg Fo AEH o2 AT 5 9)E ol
A% glr}. o]2]%F Fenton AMEMHE-S A 43F o2
/(_1 t jﬂ.‘_\‘_ﬂ]/‘\ 34) /(H:q] A 5!’) _—EI__‘EB‘] }“ kel naE'1
ANzFAe] s g ’\V”ﬂ“’ & E 4 e
B3 R4 BAlel AR H4E Fenton &l
g Foll B A P S 2R A9 9
= AA ol

aetd B Aol AEEH R AMelsh I3
g ARl dE xe)slr] $ahe] sbabA AbspR{al
Fentonih-3-& o] &3l 2™, Fenton AFSEEA|
CODA Aol vl pH, 3H4ksbra 2 "o F9
g £9] of kg FAlshw il g A slsAd
£ A E38}7] Y3led Fenton A3} 3-2] x| o
g qle] Hrlell wlxle sk Y AEEH ALAe
AdE st

IL & % gy

1. Fenton AMSHHIS

Fenton AHsHA43-2- 1 79] vjo| A<l dA 3] A&
2 97 HSO.2 pHS 248 T FeSO, - THOE
ek 2alslgl o], Jar tester® HH200 rpm)
A HO, (3 1 35%) 8 F)skdcel uks $£8
F NaOHZ uhs-& A A7} Al 4A4E Fed
AP 2 A AL obg AR AE GF/C filter
2 o3} g} Fofl oL Bkt

2. M@st ANz

1) FEA A4

3 EA AP 59 oladE Aabg vk (-
1): 500 mi)el) A& 11 £ 431 Fenton 4;@}1{&]
g A4ty o A Atef)o & Fosle] whgr] WY
N B2 5 Fehasd AEE it

2) A4 Ay

A4Al AMAA = Fig. 13 o] F93% ok3d
2 AR ke Dok A-RE FAE] qlch
HkS 2ol = whez R B diffuser® 713k
Lo YAz Aol LR YFEA E3}

| B s
1 & =

Fig. 1. Schematic diagram of activated sludge treat-
ment system.
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Fig. 4. Effect of pH on COD removal for color de-
veloping process wastewater.

o, o7& (D o]&e] 4ks} H (Do) =
o} AAE]r] wFl Fenton*]‘?qk°i*1 7%
e Aoz mwsidcl &, pHyt FUEeE
OH zjejzgo] A== A lL Z7131A % FeOH.S
7} FeOH.S2] Al 2] Svle] oko] FadtAl =
o He]EEL Woir|A Hu R pHrl 0%
Zhaah OH 2o ze] A =)= ubs-o Z9)7) 2o}
x} OH zirjzaido] o8iAl =lo] Znle] 752
o]2]i= AR A7} o} 27 FentonAtstel] lod
Az Aelstaz) sk Al8e SA4d adet 13 pH
Hee Ao EaAd 7o o &sw, B A
o] alzld g ke 3 %o Fenton Ak
stak-g-o] #A pH = 503 W9+ pH 3~52 &
= glc},

4. Iron Powder FJ0f| [I}H2 COD HAHS

Fenton AFsPFS-Al A 2024 FeSO, - THO
b de] ARRES ok B A A Svlql
FeSO, - 7TH,OWMAlel iron powderE AFg-3lo] Zuj
2AM 9] reAdE Akl @A A(COD: 26,
000 mg/Doll H:0. 2.58M& F8]3led, o7 iron
powder& 5000 mg/lo] ¥ =% dkgiow, pHe 2~
7% Azt ubgAIFH T} Fig. 59 Iron powderE
Zof 2 Abg-3bed & ofj2] pHell W& COD AlA&S
vetlidet. pH 2~7 wf COD A AE-L 58~78%
oln} pH 4% u) 78% = 7} A7 Eo] ¥9rh Fig.
44 FeSO, - THOE Zoig 3lole o= A

Korean Journal of Environmental Health Society, Vol. 23(1)



38 Kyung-Hoon Cheong ef al.

100

80

o
o
/
L ]

COD removal(%)

&
o

20

€]
o
~
o

1 2 3 4
pH

Fig. 5. Effect of pH on COD removal for color de-
veloping process wastewater using iron powd-
er (5000 mg/L).

pH7F 5019121} iron powderE AF2319l S mji=
FeSO. - THOE AH8-8t9d4 wucl H pH gho)
Ealics

o1 A% iron powder® AFg-3t wjo] 2 pH7}
£+ AL Ml 509 Byea 43 iren powder%
AH&-3h= 7% Fenton ubg-oll g3k Fe?'o] o)
PH7} &5 gZo] 414 dolrir] wial o
£ ueidoh w9 Al 50 GEeA CoD 8
=72] Fenton 4Hhih-g-oll 4} iron powders Zv)
2 AH5H1E W FeSO, - THOE &9 2 Alg-sh
2 bgeldt nlsd A age vehyon o=
iron powder7} ol #ul opi)e} ulg gz
wARSte] A Roh Abshg 2 Abo)oll4] Fenton M-S
= 427 CODE M 7HA Ik Hopr).

& AYellA = ubggol 2] FegE g 24)a}x]
%ot FeSO, - THOE Zuj 2 Alg-3191¢ o} 23

5. 2 20l mE CoD MAHE

Fig. 6, 7& 27] ubg2xo] W2 2xuise)
COD A7 &8 vehd Zlolct. FeSO, - THO0:= 53,
58mM, HO~= 2.58M, pH 52] 224} 212} 2.7
R85 25, 50, 75°CE 28] A3 shaloic).

0
10[—

Temperature (°C)

0 200 40 B0 8O 100 120 140
Time {(min)
Fig. 6. Time course of temperature for color de-
veloping process wastewater. Reaction con-
ditions : H,0, ; 2.58M, FeSO, - 7H,O : 35.
92mM.

100

80 *r———— @ — @

(o2l
(@]

COD removal(%)
PN
(o]

HEO2 . 2.58M
FeSO4' 7H20 1 35.72mM
pH: 5

20 40 60 80

Temperature (DC)

Fig. 7. Effect of reaction temperature on COD removal
for color developing process wastewater.

=18

HHE 53 ol J]-?:E: 25, so, 75°C°il Aol 4]
ZH7E 66, 80, 92°C7A) *Fiz‘s}“ o 2 F Az ozt
3tel ¥ 303 Felle whgole) 25} of 35¢
e Sxol Seale s wre o R R
o) BE= ALY 2xe} w)2gt 950}
4 Fenton ¥H8 22417t 9] COD MA$e u

Korean Journal of Environmental Health Society, Vol. 23(1)



Treatment of Photographic Wastewater by Chemical Oxidation and Biological Treatment process 39

W Z7] uhgd 2% 25 50, 75°Cell glelA zhzt
78, 79, 80%2A ZE7] R 2Xxof Abgglo]
COD A A &2 A9 st}

FH §9& Exlg2eg *B**" AA e #
gk Aol AR 22} &2 4T
ZEwaug v R =S A Mi} 4 szt ke
Aol AAF OH gioze] {715 Akl 7]of3}
2 78 o5 gled, AheME abshikgo] A 2
Yty ¥wslgdel ik AL 0% 33
eyt o g 2y} Abgsbd vkS4Ert A AlA|
9] Ay} TRA AN XA A7} rlesild 2
& FA3l Al st o] vilstba M sy
a, ik B 2] e}t #89E ANeag
o] ¥ ML L F B Heligo| FE-S
asksdch

2 Ay e 2] WS- ol Aagle] 24 7HE
2] COD A AL & zlo)7} gt

6. AFXHIY &7 &3 2| Fenton AMB{HLE

AR A dell = oJ2FFol e
dow HE Az Aol we} e Al A e
AHE-Eh= s EHEA T} ofo] o} 4= it

# AfAA = ARl de] FEAEA R 5
Vo) Mgl 21 ApAls Y] Mejo} it B
o] BEAHEDHEY EEUES 2ARI TN Akl
Hol| =l el e AAste] Fenton
A28 pafslgd ovd 7 A3 Fig, 89 el

A el ggEle] qle EAHEE  Diethy-
lenglycol, Benzylalcohol, Potassium Carbonate,
Hydroxylamine Sulfated, %2t ol gH=]o] <)
+ ¥4 25 Ammonium Thiosulfate, Ammonium
Ferrie EDTA, Disodium EDTAE A4 sleic} 22}
9] 33HEAL 5000mg/V) HEE 2A|ske] o,
pH 5, FeS0, - 7TH,0O 17.86mM, H,0, 1.290Me] =%
2 Fglste] whgAHTh dads ol FFEle] gl
E32] Fenton AFHES-& B9 2 A3 o] 270604
& Potassium CarbonateZ A|2|3l7 80~90%2
COD AA&E epll o] Potassium Carbonate?l
7ol 2k 45%2 AAEE ebldcl gk A=
oo FH=Ele] gl £AY AH$el= Disodium
EDTA”} 98.4%, Ammonium Thiosulfatee] 90.7%
o]n} Sodium Thiocyanates 89%2] A &% et
Wadct.

ok & ARlHAFe] G EAEA

2

100

g
80 ® Diethyleneglycol
~ v Benzylalcohol
5:\: ¥ Potassium Carbonate
g 60 O Hydroxylamine Sulfate |
£ i
5 40 -
A S
<)
O
20
100 v/‘; - ——=<
‘;_’:'—————-———:‘:_"__.:’
80}
®
Kl
5 6oL (B) ® Ammonium Thiosulfate
S ¥ Sodium Thiocyanate
5
a < Disodium EDTA
g3 40t
O
20
[s] 1 1 1 .
0 30 60 90 120 150

Time (min)

Fig. 8. Time course of COD removal for refractory
compounds contained in color developing (A)
and color print fixing (B) process wastewater.

Benzylalcohol, Phenidone, Hydroquinone& 417
8l Fenton 4bsuk-g- Azl Azp 979%.2]

COD A|71-&3F A ukg FhAe i =
FYAIE COD7} 4d3] Al AR = HAo2 Hol f3
EAo| e rhsAdE sutsloty Bysldch 1
21t AbRl el Folli= Potassium Carbonate ]3]
2] o} & A EAe] Fisle] Q] ol ¥
7o gREAE Helgr daE A ARl
o] Fenton®hgol o) k3] He|dely &
$17] WFol o] F K} xpAjgt oAyt HaE Ao
2 Al =}

7. @S 2|

Abzlsee] gapslolat g A e) COD: 47t
26,000 mg/i2} 6,4000 mg/I= |5 E7] al-F-ol] A}
ool BEog Aelahe dele olegol
weh shab A2l S shriehm Sl AR A4 <)
N7} %7) el shabd Aelold 80%el4ke]

Korean Journal of Environmental Health Society, Vol. 23(1)



40 Kyung-Hoon Cheong et dl.

N |

=) B
~
& AN \DH"D““D*—IL
g 400 F O\
- N
o N '\
i A, JE—
200 \ M
; \v\
° T
T @ T g
O Il 1 | |
1400 F 5
i (B)
1200 —\
1000 F o
=
b
g 800
5 — 00— -3 «-»~41
600 v ———
~ \ \ v e v<7&77 v -
400 T g e T
Te—— i
.\‘“.—-—’O Ri.f’
O 48 72 96 120
Time (hrs)

Fig. 9. Time course of COD value in various intial
concentration by activated sludge for color
developing (A) and color print fixing process
wastewater after pretreatment by Fenton ox-
idation.

COD AAEE Vel ® 324 FEi= =8
uhel] ek,

B Aol Al g
2]3] Fenton AFPES-& 2171 Fol A5NG A
FEg AT AR Al S dsisivl

#AFA N H0. 2.58M, FeSO, - 7TH.0 35.7mM,
pH 59] 274, Hztel-2 HO, 3.87M, FeS0, -
7H.0 89.3mM, pH 52 &7l xa]st Absolg
g3 x| 2] o] frql = ket

Fenton /\L§}‘ }_g. _z;;o] -5‘—1/&1—31]0_}} UJ 1—1 il;q]ono]
HdE CODE Z7F 3,900 mg/i9t 9,170 mg/lolc}.
Fig. 9+= SAEAXE AHE-3led A aj=|gh sl o
3} A akg) o] p%e whE COD el A5 viehd
7ol "Aaba 8 534~16.90) BAlstgdon], A
ztg el A f-olli= 7~30.6u8 3] A atict #ata| ol

Azl 24 Fhara A

800 —
A 4
@ control
v K,HPO,
600 |- v Glucose+KH,PO,
=
~
ap
£
o~ 400 -
8 v
LN
X
3 —® o—@
200
S—e——v—
| 1 i L N
6] 24 48 72 36 120
Time(hrs)

Fig. 10. Effect of phosphate and glucose on COD
treatment by activated sludge.

7 sl v Ay 27| uk Bl s o] -
iz Ao EsllEA ket At el gleiA] A
3 120717 74A9) Rallge w9 7] COD F=
230, 300, 480, 730 mg/lYd = z+zt 77.8, 71.7, 52,
4202 3 go| F5F A7 Eo] Hohow, A A
HNel AL 271 COD F% 300, 590, 740, 1,300
mg/lY Wl A A S 26.7, 28.8, 22.9, 46.1%F FA+
g Bk COD AlA o] ke,

Fig. 102 34N ZEEZ 3ln dAta
KH.PO. & #7138t S d o} %329 KHPOS
A71718k S W 2] CODH a3 el 7o)t

BoAgddia] A2z bl A A4t
T-NZA #H+ 197 mg/lel™ T-P= 3+ 3.7 mg/!
24, BOD:N:P7}100:5.1:0.098 21 A o] )
+ ‘*am uleid E AHelM= BOD:N: P}
100 :5: 10] ¥ x2 KH.PO.E s#AMdHe] Hr)3}
o] AdE it

ARl Noll= el EHo] e E FiH
o] ol7] wjfell AL Aol ARIH Y-S 7] 2
AHEELl & wol iz 'hafle] HalE Qe 2 ¢4kl
o] FFF G e Al e AEe el
th. A3 120417+ 2] KH,POE 3713} vhe-%0)
A COD AA &L 6802 EEE vt2x29] COD Al
78 5298t of 160 A E A Ago] Zgton], FF
29} KHPOE %71k Aol 9lex & KH,POS
Ariek Ao} v)edt A E88 bt 2932
29} KHPOE A7lat Alolidde 35349 H7}

Korean Journal of Environmental Health Society, Vol. 23(1)



Treatment of Photographic Wastewater by Chemical Oxidation and Biological Treatment process 41

1.0 -

kg—COD/m’ d

Q.5 -

400
300

200

COD (mg/L)

100 |

0 I L L L L i 1
0 5 10 15 20 25 30 35 40 45

Time (days)
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ment by activated sludge for color de-
veloping process wastewater.
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Fig. 12. Changes of organic loading rates and effluent
COD concentrations during continuous treatment by
activated sludge for color developing process
wastewater.
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