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Abstract

In this research, a retrofitting process, which consists of a pretreatment system (coagulation) for dye wastewater combined
with a biological nutrient system (MLE process using media), for a sewage treatment plant that has to treat dye wastewater
efficiently with domestic wastewater were developed and a pilot plant was operated for verifying adoptability and
performance of the developed advanced process for dye wastewater. From the results of the pilot plant operation, BOD 52.9%,
CODc¢, 55.9%, and color 71.3% were removed in pretreatment of coagulation process and the biodegradability of dye
wastewater was improved to 0.32~0.59 BOD/CODc; of the coagulated wastewater from 0.29~0.43 BOD/CODc; of the raw dye
wastewater. The final effluent concentrations were BOD of 8 mg/L, CODc; of 43 mg/L, CODw, of 18 mg/L, T-N of 8 mg/L,
and T-P of 1.3 mg/L, respectively. Color was removed from 1655 to 468 unit by coagulation and then to 123 unit by MLE
process. The HPLC analysis of aromatic amines in wastewater showed that decolorization was achieved by cometabolism
while aromatic amines were produced by cleavage of azo bonds under anaerobic conditions and these products were removed
in an aerobic tank subsequently. Nitrification rates of attached and suspended microorganisms were evaluated comparatively
and the acclimating conditions of bacteria on media were validated by the scanning electron microscope.
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Fig. 1. Process diagram of pilot plant.
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Table 1. Characteristics of influent and effluent of pretreatment process in pilot plant

Raw wastewater

Effluent from pretreatment process

Removal efficiency (%)

BOD (mg/L)

COD¢ (mglL)

CODwun (mg/L)
Color (APHA Pt-Co Unit)

251(216~298)
681(435~800)
256(148~321)

1655(1338~2238)

120(79~154) 52.9(32.3~65.4)
311(206~635) 55.9(6.7~66.4)
89(60~121) 62.9(46.7~75.0)
468(243~671) 71.3(58.4~82.4)
26(11~55) 39.5(9.8~62.2)
1.7(0.3~3.0) 63.6(4.1~95.2)
50(24~78) 53.7(36.8~67.9)

TN (mg/L) 41(25~61)
TP (mg/L) 3.9(0.5~10.4)
SS (mglL) 112(64~162)
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Fig. 2. BOD of influent and effluent of pretreatment facility

in pilot plant.
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Fig. 3. CODc; of influent and effluent of pretreatment facility
in pilot plant.
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Fig. 4. Color of influent and effluent of pretreatment facility
in pilot plant.
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Fig. 5. Biodegradability improvement of pretreatment facility
in pilot plant.

=& 9% 113 mg/L(62~151 mg/L)ol® F&4+E 8 mg/L
(4~13 mgiL)Z Jehd B 93% AALL JdeEhd
(Fig. 6). =3+ #9459 CODg¥ CODwn HEE(Fig. 7-8)
Z+7Z+ 233 mg/L(133~303 mg/L)$F 70 mg/L(54~82 mg/L)=
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B AFE E5) 249 A sAF Wl X3 pilot 2l & I A5(1,655 unit)Y A= F 77.5%7F ST
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232 Tade 200 el 299 A2 £8 pAe @ A%Y A% AR wi) 3 BV 2EAY B
+2%z £42 RYFERA BEHdGed fE5de 3L Bl AAH 123 wite 2 A% PFH
W42 composite samplingstel A8k 3 2 2 Caliell 5(1995)¢ ATl Ystd FAHATY s 5
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Table 2. Characterigtics of influent and effluent of advanced nutrient removal process in pilot plant
Raw dye Pretreated dye Industrial Domestic Qombined Effluent
wastewater wastewater wastewater wastewater influent
BOD 251(216~298) 120(79~154) 97(43~134) 122(57~147) 113(62~151) 8(4~13)
COD¢ 681(435~800) 311(206~635) 200(118~330) 202(128~247) 233(133~303) 43(31~85)
CODwn 256(148~321) 89(60~121) 69(55~89) 59(40~77) 70(54~82) 18(10~29)
Color 1655(1338~2238) 468(243~671) 211(172~263) 172(149~192) 341(282~420) 123(75~164)
TN 41(25~61) 26(11~55) 58(35~95) 34(21~50) 37(25~55) 8(5~20)
TP 3.9(0.5~10.4) 1.7(0.3~3.0) 3.7(2.0~10.5) 2.6(1.0~7.1) 2.6(0.9~4.2) 1.3(0.4~2.6)
SS 112(64~162) 50(24~78) 108(70~146) 56(32~78) 72(40~88) 16(6~30)
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Fig. 6. BOD of influent and effluent of advanced treatment
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Fig. 10. Color of influent and effluent of advanced treatment
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Fig. 7. CODg of influent and effluent of advanced treat-
ment in pilot plant.
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Fig. 15. SEM photographs of BioPOP (x50, x2000).
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Fig. 13. TN of influent and effluent of advanced treatment
in pilot plant.

A Ho] 50%e AAEE EHon, SS= 72 mg/lL(40~
88 mg/L)E +9=o] 16 mg/L(6~30 mg/L)2 AT o]
FHH 77.8% AAES JERd Aoz ZAH

33. EfM=EMZAL

Pilot plant®] Z7]xel] FoE AL Z7|xA 9 {71
E AAL Aztsl nAEY FH HEe dstd fed
gA 2 4839 BioCAPH BioPOPS 77t 7% 1, 2%
3, 499 &F 9] 10%E FXEAAT E AFAME 7
Al el 2gskd mAEZS ghobstal mixed liquor W€
nAER FAC 1Pt nAES ol & Aits A4S
TPt Astgg v

Aol F2E biomasE Z7]x 3de] £ ¥ BioPOP
9 A%, g4 g MLSS 0.029512 g, MLVSS 0.025585
golflen Z7|x 4dd] Fod @A & MLSS 0.026381 g,

(b) 3rd aerobic zone



7t 3IE cosubstrateR A AL SE Sl M- ZF W2 B A2 pilot plant HT 233
60 0 600
—o— color[0%)
e color(30%)
50 4 L 20 500 | aromatic amine{D%) 60
[ aromatic amine(30%)
b —_
#
~ 40 1 b o 2 =
3 £ 9 H
& g & g
= = E
30 leo g X s
13 2
g % ;
5 2
20 80 S <
—&— suspended
<G+ attached
10 4 IR proportion of ded bi = 100
== proportion of attached biomass
-20 1] 20 40 B0 B0 100 120 140 0 50 120 180 240 300 360
time(min) time({min)

Fig. 16. Nitrification rate and proportion of nitrification of
suspended biomass and attached biomass.

MLVSS 0.022550 g2 2 #A =Tt BioCAPZ %7]x 1
] A% MLSS 0.026369 g, MLVSS 0.023672 g, Z7|%
299 A MLSS 0.022790 g, MLVSS 0.020186 g& Y&+
skt

T oF SRt AMEE EAY SEM ARZLE ot Fig. 14
¢} Fig. 159 Wepiivh. 2"l veRd vheh Zo] ALEE
A7 gAY ZHH FFole HAEC] FFFHO USS
BodF 3 glth BioCAPS Z7|% 1dd] X148 A7} 2

B

doll F&E ARG B2 uggo]l FFH sS AR
°oRE E 4 gloH BioPOPY ZBSE o9 22 A4S
2 £ 9tk o]k 7 @9 71F EE9 o % Aol
At

34. EMEls 24

2 33 Zggs Loty st Aidskxd

suspended biomasset "B Eo] FFE FAE HLRE 7
7 A3}t batch A4S AT Fig. 162 batch A9
AFE vebd Z2oE gadze 4 nAEY HAA
ZS suspended biomasse} attached biomasse] H| &< Hn
sted EAIGH Aolth FAAbshE2 suspended biomasse] 4
6.176 mg NH,-N/g MLSS-hr2 uYeytoen atached
biomass= 9.179 mg NH,-N/g MLSS- hr2 ueytt. o
A &9 v BEY A4ksls2 attached biomass?} suspen-
ded biomassell Hl3] 50%71F o ¥ AL & F ASTh

3.5. Cometabolic intermediates =4

Cosubstrate®] F¢ oFo] w2 ME9 aromatic amines
o #AE Fg. 1791 YeERAUTh Bach tests S3AE
Aol cosubstrate2 A 7S 30% FUI A9

FYHA G F9E 44 @724 -2 3
5D A% LAFEA A B AL ARt A

23359 em HPLCE o] &3dte] aromatic

aminesg st AFZAF, FAV)EPNA ¥kg 60E T
) 399 30% FUIE o

4zt e F AAZEY 565%$ 59.3%7F AAY RoE

Fig. 17. Behavior of color and aromatic amines in dye
wastewater with and without cosubstrate.

vebstth B3 @712 A F AAY MEs 47 123
unitet 164 unite 2 Yeht 7Hgstee] b wWE A=
AALY FFE s or, o] W aomatic amines
2712 gQlatyth 949 F712A0A Axe 3 @7
ZZ4 A48 aomaic aminesd AMAE st on
7V4et+E cosubstrate=A AR ALollA ALl H
=4 vehd A& S5tk

cometabolismell 9] azo dyed] FfFZAFe] o] A=
20 AAFHE Aoz BT T3 Fores 5(1997)
A5 &7 &3] 4HE<Q) aromatic aminese] &71Z7
A 27} €& aromatic amines?] £4& E89 Z9st
fth ol A2 B o 2 A% azo dyed] F3F
A EQ aromatic amines©] cometabolismel] &) @E71x2A
AN BT S|z AARES AT F AT

a8y B AFeA EAFHSe AEAIA  QloiA
cosubstrate®] F7tel] wWE o] tE ATl HSt F
A depd olfE 7IEY dFEC] dd 98 E ez
S A7A wtete B AN E AdHFE ALY
FAH T el on] mABE] o]& Tt fTIEC]l FE
3l7] wjio| H7}S cosubstrate] @ o] FAF Y] w2
ojZal Atz HTh

rlo

4 2 B

1) Pilot plant Axd FF(SH-FA)9 &4 47, BOD
52.9%, COD¢ 55.9%, ME 71.3%2 AAES YN
on, JAA+e BOD/CODe 0.29~0.4301™ Ax]g

T4 5949 BOD/CODg2 0.32-0.592 EAFHo] &
A Aol <& gAH ] ARA=I AAHISES

& F AR

2) Pilot plant 1=x2 F3<9 <A =
o Age HFE FEFES ES F MG F, T
#*o2 BOD 8 mg/L, CODwn 18 mg/L, TN 8
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