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Abstract

The objective of this study was to investigate the treatment efficiency, kinetics, and morphological
characteristics of biofilm in upflow Biobead® process, a kind of biological aerated filter(BAF). The
Biobead® system showed high removal rates of CODwi(76~83%), BODs(67~88%) and SS(71~91%) for
food wastewater with high sait concentration(>4,000mg/ £) under short reaction times(2~3hrs). Even at
aerobic condition, the system had high treatment efficiency for both T-N(51 ~63%) and T-P{62~81%).
The removal kinetics of CODw, BODs. T-N, T—P, and CI” in the Biobead® system showed a plug—flow
pattern with reaction rale constantsthr™) of 0.58, 0.63, 0.30, 0.48, and 0.38 respectively. A
backwashing process to remove excess biomass and filtered splids was needed at least once during
22—-hour operation at 0.5kg BOD m ™ d™ ioading. At the higher loading(1.0kg BOD m™-d™") the
backwashing interval was shorten by 8 hours. The COD, BOD, T~N, and T~P were removed from 43 to
66% only by aerobic biodegradation. The SS was removed over 70% by the filtering of Biobead® media
in the treatment system. The first one of three serial Biobead reactors showed the highest removal values
for COD«(52.3%), CODm(38.8%), BOD(62.5%), and T—N(40.0%). The SS and T—P had the highest
removal values(47.5% and 29.2%) at the second one of the serial reactors. The biofilm had
non—homogeneous spatial distribution and the colonies were embedded in the sunk area of the
Biobead. The thickness of the biofilm was very thin{5.0~29.4um compared to the biofilm thickness(20
0~300m used in other BAF systems

Keywords : Biofilm, Biobead® Process, Biological aerated filter(BAF), Plug—flow pattern, Aerobic
biodearadation
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Fig. 1. Schemaltic diagram of Biobeag® system.
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Table 1. Media specification

Table 2. Characteristics of sewage sample

Media shape granular
Media size(mn) 2-3
Media density(kg/ m’) 25
Media material Polystyrene
voidage(%) 33
Specific surface area(m'/m’) > 2000
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Fig. 2. Treatment efficiency and effluent concentration of SS (0.5keBOD/™" - d).
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Fig. 3. Treatment efficiency and effiuent concentration of 88 (1.0keBODY™ - d)

3o d¥sHen o Ade Fig 2, 3% o

99 4¥ ZdHdM B b9 go] 05kg
BOD/m - d9] ZA$AME FHAIE 3 247 3
B S5 He|AEo] 60% o|stE Rolx]7] Al
dgom sl SSEEs a3tz AR
Bg $AANZ 71§02 2A7 ¢holl Hojx T
o] gA Aol aF A& ¥ F Ut £ 10
kg BOD/m' - d8] Ao e &4428 F 1A

e HYAES 60% olEE A5 SSk
e W0mg/ ¢ olFoz FUher] Az ¢
HAZE 71E L2 14413 o) Holx i) o4
7} Y asi

BOD# Bt} &3 2 ¥4 oo wEs

$E& FE F U CODLAE o83 gN37)|
249 754 AR& B9ty f8to M
9] SSEEE ©)8% HAHFr) Y d¥H 2o
0.5kg BOD/m - d$} 1.0kg BOD/m' - d9} § 7}
BOD ¥3l% zzejA Halsule CODL3te &
A% A Fig 4, 59 @it SSEEE o8¢
HAF7) 24 49 d@Ae} v s e
o 05kg BOD/m' - d9 7% 3L 7L
Z 20413 o) ¥ 7 AMgeue COD. 557} 45
mg/ ¢ oldeg F1317) AlgEgen old o
2 A AEE 0% o2 Wolx 7] A1ZEA.
1.0kg BOD/m' - d&] ZHfole 1243 olF%H
A2 AE0] 80% oldt® Holxy] AlF3EA A



UFARUTYY". =2
182 2%, pp. 201-212, 2002

ARRA HOIRHIE FUE OIES 2 - HT HNARY X P& B yax wy 205

180 —-
180 |
140
120

80 |
60
40 |
2 ¢
0 bt

e 100
A& |80
{ 80
4 70
680
1 80
4 40
4 30
4 20
410
AAAAA A Il 0

&

Removal efficiency{%)

0 2 4 6 8 10121416 1820 22 24 26 28 30 32 34 36 38 40

Operation time(hr)
| —#4-CODeimgl) - Remowal efficiency(%) ]

Fig. 4. Treatment efficiency and effiuent concentration of CODg, (0.5kgBOD/™ - d).
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Fig. 5. Treatment efficiency and effiuent concentration of COlg (1.0keBODY™ - d).
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Table 3. Comparison of treatment efficiency(®c) between filtering and aerobic biodegradation

Aerobic biodegradation/

Parameter Filtering Assimilation Total

COD,, 21 61 82

CODwn 30 43 73

BOD 2 66 9

T-N 12 52 64

T-P 8 60 68

55 73 5 78

Table 4. Treatment efficiency(%) of each Biobead® reactor

Parameter BB1 BB2 BB3 Total
COD,, 523 19.6 134 85.3
CODwn 388 24.8 126 76.2
BOD 62.5 9.8 17.8 90.1
T-N 40.0 25.0 10.0 75.0
T-P 135 292 16.5 59.2
S5 271 475 61 80.7

BB1 : #1 Biobead® reactor; BB2 : #2 Biobead® reactor; BB3 : #3 Biobead® reactor
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Fig. 6. Aerobic microbes on Biobead™ medium.
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Fig. 7. CLSM image of the microbe attached to the
Biobead® media (% 400).

Fig. 8. CLSM image of the thickness of microbe
atached 1o the Biobead® media (x400).

Table 5. Characteristics of kimchi plant wastawater

Concentration{mg/ £ )

Parameter —=
Influent #1 Influent #2 Influent #3

55 365 243 290

Ccr 4,331 4,083 4,154
CODwmn 199 389 333

BODs 330 700 586

T-N 4 51 60

T-P 38 88 6.2

Bop & Af & dyd AEE AR 22 22 A9 vepd AR go] 94 5 B
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Table 6. Effiuent concentration and treatment efficiency at different reaction times(RT)

Concentration(mg/ { )

Parameter

influent #2 Effluent Effluent Effluent

RT=3.13 RT=3.13 RT=2.83

55 243 50(79%) 71(71%) 53(78%)
cr 4,083 1,527(63%) 1,568(62%) 1,757(57%)
CODwmn 389 80(79%) 93(76%) 67(83%)
BODs 700 82(88%) 94(87%) 120(83%)
T-N 51 20(61%) 20(61%) 25(51%)
T-P 838 1.7(81%) 2.4(73%) 2(78%)

Surface-loading rate at RT = 3.13 : 23.00m'/m' - day
Surface-loading rate at RT = 2.83 : 2544w’/ m' - day

Table 7. Effluent concentration and treatrment efficiency at different reaction times(RT)

Concentration(mg/ £ )

Parameter Effluent Effluent
Influent #3  —
RT=2.83 RT=2.08
S5 290 26(91%) 35(88%)
a 4,154 1,580(62%) 1,118(73%)
CODwmn 333 57(83%) 83(75%)
BODs 586 93(84%) 196(67%)
T-N 60 22(63%) -
T-P 6.2 2.4(62%) 1.8(71%)

Surface-loading rate at RT = 2.08 : 34.62m'/ m’ « day

33 H9 C/N ulgo] 45~76 FAEE FohA
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& %o A4l 9 o) ojEHE Horg @y
€l Awadallah (1998)” S5 v|AE A X %315
fof of ALAF9 BAE RuE w o,
Westerman (2000)'® 5 2 Al 345 wixd
BAF Y& ol&8 EAEAA f&8447
EAQ8E deiol A oF 60% ol4e] T-N AA7} 7}

FEUEE 2oy v gk

BOD, S5, T-N, T-P $¢ Aaagg & o
4,000mg/ ¢ A= FEFEE vlolovls Al2d
o HelAgo A d%E FA g AoE
EBton, Bojd M s &8 57~73% 3
5 AAHAGE Holrh ol ¥ A 73
& ¢ 4 flou} Awadallah” $(1998)& Clo)e
o] Ni@ 59 Ao clg¥dn Baog g B
of & ulolQulE AlS"AME o] B 1)
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Fig. 9. Comparson of model predictions with measured
data of CODwn.
a) Inf. Conc.: CODw: 389mg/ ¢ b) Inf. Cone.: CODwy: 333ug/ ¢

Fig. 10. Comparison of model predictions with measured
data of BODs.
a) Inf. Conc.: CODw,: 389mg/ ¢ b) Inf. Conc.: CODmn: 333mg/ ¢
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Fig. 11. Comparison of model predictions with measured
data of T-N.
a) Inf. Conc.: CODw: 389mg/ ¢ b) Inf. Conc.: CODwa 333mg/ ¢
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Fig. 12. Comparison of model predictions with measured
data ¢f T-P.
a) Inf. Cone.: CODwy: 389mg/ ¢ b) Inf. Conc.: CODy 333mg/ ¢

Fig. 13. Comparison of model prediclions with measured
data of CI".
a} Inf. Conc.: CODMn: 389mg/ ¢ b} Inf. Conc.: CODMy: 333mg/ ¢
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Fig. 14. Comparison of model predictions with measured
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a) Inf. Conc.: CODwy; 389mg/ ¢ b) Inf. Conc.: CODw: 333mg/ ¢
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