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Sewage Treatment using Aerated Submerged Biological
Filter(ASBF)
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Faculty of Environmental Science and Engineering, Kyungsan University

Abstract

The purpose of this study was to investigate the effects of the hydraulic retention time (HRT)
and organic loading rate (OLR) on microbial characteristics and treatment efficiency in sewage
treatment using aerated submerged biological filter (ASBF) reactor.  This reactor combines
biodegradation of organic substrates by fixed biomass with a physical separation of biomass by
filtration in a single reactor. Both simulated wastewater and domestic wastewater were used as
feed solutions. The experimental conditions were a temperature of 17 to 27°C, a hydraulic
rctention time of 1 to 9hr, an organic loading rate of 0.47 to 3.84 kg BOD/m' - day in ASBF
recactor.  This equipment could obtain a stable effluent quality in spite of high variation of
influent loading rate.

Total biomass concentration, biofilm thickness and biofilm mass increased an exponential
function according to the increasing OLR. The relationships between water content and biofilm
density were in inverse proportion. The percentage of backwash water to influent flow was
almost 9%. The separation efficiency of biomass was the percentage of 91 to 92 in ASBF
reactor.  The sludge production rates in feed solutions of simulated wastewater and domestic
wastewater  were  0.14~0.26 kg VSS/kg BODrem, 0.43~0.48 kg VSS/kg BODrem,
respectively.

KEYWORDS : Aerated Submerged Biological Filter (ASBF), Removal Efficiency, Attached
Biomass Characteristics, Sludge Production
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A : Air pump B : Backwash point
C ! Feed tank D : Air diffuser
E : Effluent F : Flow meter(Air)
G ! Granular medium filter zone(@5) H : Headloss measuring tube
L : Backwash water drain P : Peristaltic pump

Ri2 : Submerged biofilter zone(@25, &15)
T : Sludge recovery tank

5123 ¢ Sampling points
W : Waste sludge drain

Fig. 1 Schematic diagram of the experimental
apparatus.



Vol 16 No.4 Sewage Treatment using Aerated Submerged Biological Filter(ASBF) 525

ASBFzxT= 5% of2d 9%FS o83l A4 HAEE : 8¢2)o|Uh
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Table 1 Characteristics of media

. Surface Specific . Volume and number
. Size Porosity . .
Type of media (am) area surface (%) Material of packed media
nm
(cit/EA)  area(m/m’) ? reactor I |reactor II
Pall ring
25 1.2L 2.4L
& I b 44,10 206 %0 Poly ethylene
H25 55EA 112EA
1 ] H
0 | ®™ 1605 41 8  Poly ethylene| - 2AL
HI5 ‘ Y ERVIEnel osoEA | 510EA
Sphere
é G o5 0.78 628 477 Ceramic 24L 4.8L

Table 2 Characteristics of feed solutions

Item Range Average

Simulated pH - 7.0X02
wastewater” BOD(ng/L) ) 160
COD{mg/L) - 300
pH 6.9-7.1 70
Ry i
BOD(mg/L) 170-202 177
COD{mg/L) 285-372 329
Domestic SS(mg/L) 148-204 182
wastewater T-N(mg/L) 33-44 37
NH/ -N(mg/L) 20-26 224
NO;-N(mg/L) 02-05 0.3
T-P(mg/L) 31-48 40
PO4-P(mg/L) 15-2.3 20

*Simulated wastewater was a tap water solution of dry milk powder(DMP)
lg DMP=1.075¢ COD, 1g DMP = 0568¢ BOD
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Table 3 Operation conditions of the aerated submerged biological fiter reactors(l. Il)

Reactor

I I

Size and effective volume

Feed solution

Hydraulic retention time

8 4
(HRT, hr)

Operating period(day)

(25) (19)
Organic loading rate
(kg BOD/m’ - day) 0.48 0.96
(kg COD/m’ - day) 09 1.8
Back hi iod
ackwashing perio 5 4

(day)

2100 xH1200, 8¢
(biofilter volume, 4¢)

Simulated wastewater

30-56 56-75 76-94 95-107

?150 x H1000, 16 ¢
(biofilter volume, 8¢ )

Domestic wastewater

2 1 9 6 3
30-49 50-68 69-94
(18) (12) (19) (18) (25)
192 384 | 047 0.71 142
36 7.2 0.88 1.3 263
2 1 8 6 3
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3.1 ASBF=9] z} ¥4 45971

Fig. 2 ASBFx9 Z} 29d /7|29 4
IS 24187 ASto, AFHSE FUE
ASBFZ(1)Y 4E9 o259 3tH(Sz) 7 3t
5ol qlduix A35E TG HF HHAH
(Ss)ollA 283 AFAIZE BODS®H COD
FEE YU

Concentration(mg/L)

HRT (hr)

—e— COD, Submerged biofilter(S2, @15)
---- o COD, Granular madium filter(S3, @5)
—&— BOD, Submerged biofilter(S2, @15)
----- & BOD, Granular medium filter(S3, @5)

Fig. 2 COD and BOD concentration with HRT at each
part of ASBF reactorll).
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€.

Fig. 3& €2d vdE &89 = 2 ¥
A FERXE HAHEY] A3ld AEY o
%9 A2 (S)F 8HH(Sz) 2R AR o
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Fig. 3 Vanation of SS concentration with HRT at each
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Fig. 4 BOD COD and SS removal effciecy with
HRT in ASBF reators(l, I}

Fig. 4l B.%0] QJ3H+<E FU3 ASBF
Z(1)9] HRT 2~8hr, #7]E%3 048~
1.92 ks BOD/m' - day(0.9~3.6 kg COD/
m - day)H9ldlM  HFHFESFY BOD ¢
COD&%7} 3.9~8.5 mg/L, 8.1~15 mg/LE
4ue] HEWUF ZHNME 95%olite] =2
AAELEE 9& & YUt
H, YEeFE FUFY ASBFR(I)Y A
& BOD, COD % SS9 AMAZEo] 24z
89~92%, 82~89% ¥ 91~92%°|Qz. 3
FH#249 BOD. COD ¥ SS9 =r:= |
3~20 mg/L, 38~55 mg/L L 15~17 mg/L2
ASBFZ(1)EY tli e Hagdse vy
o}, HRTS f718%-8oll & 43e vz 9
2 A AHFAdLE 98 + U} 9
= ASBFZ9] Z} 29d M mrlox AFst
Axol, Axle) @77} M2 tE PgEut o3
TS 8- HE ¢ 5H3EA f7129 213

T 2ejE A4S E29 WAy noRa
b o2 g2 f71BRE 2ANME 45

¢ Hel4de 98 4 Ak Ao Amg

3.2.2 A4 9 <l AH

%71zt §¢ T-N, NHs*-N 2 T-Pe
T A ANFAIZHE HF AAETELEL Fig. 5
oA HXo] 35~42%. 52~81% T 28~



Vol 16.No.4

22 L[:]T-N ONH,-N B T-P ]
F 70
3 60
§ 50
5 40
% 30
T 40

4]

3 6 9
HRT(hr)
Fig. 5 T-N. NH/-N and T-P removal efficiency with
HRT in ASBF reactor(ll).

36%°I01, &7 HFFIAL T-N 21~
24 mg/L, NH4*-N 4.2~11 ng/L. T-P 2.5~
2.7 mg/Loldrt.

Festy AFARel Pold+s T-N %
T-Pe] AAZEL ¥ Agslgornt
NH:*-No| 9= 1.699 zlo]8 HP=d],

Table 4. Nirfication efficiency and rate in ASBF reactor
()

HRT(hr) 3 6 9
Influent TKN loading
rate 0.29 0.15 0.10
(kg N/m' - day)
BOD/TKN ratio 5.0 49 46
TKN(me/L) 367 317 %7
Inf. NH,y -N(mg/L) 235 225 21.3
NO4-N(mg/L) 027 0.34 0.3
TKN(mg/L) 176 114 65
Eff. NH, -N(mg/L) 11 73 42
NO4-N(mg/L) 6.4 116 145
Nitrification 17 %0 40

efficiency (%)
Nitrification rate

(mg NOs-N/g

MLVSS - hr)

067 0.88 1.17

Note) Nitrification cfficiency (%) :

(NO3y—N) s — (NO3—N) iy
(TKN) inf

Sewage Treatment using Aerated Submerged Biological Filter(ASGF)

529

°|= Fig. 6 o Yehd a8y AFAE
ALz S35 @AM HRo] Fajgt
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Fig. 6 Mass balance of total nitrogen with HRT in ASBF
reactor(h)
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Fig. 9 Biofim thickness and biofim mass according to
organic loading rate.
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07 ¢ — —— 0.43~0.48 kg VSS/kg BODrem(0.56~
5 os| L 0.60 kg TSS/kg BODrem)2 < 2.4uje] 2}
£8 05 oo olg RArTH. ol HELFF mEHA
gg 04y FHaPEol SN2 FEHWY] HEY A
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4.6 =B

3714 FAE AEY ARFAE |83t 2FAYA FaEo]l AHeagI nYE Yol
o= Gl diste ZAMEAE dF tSF 22 ZES 4E 7 IUt

1) ASBF#xl= HRT 1~9%hr, #71& %3} 0.47~3.84 kg BOD/m - day(0.88~7.2kg
COD/m' - day)®] ¥& FshiFoE DAdZHA TAERE {7129 dstel ndFert FA
of o]Fo)H F71& Fafell S FFE A & WAL HAFEE FAA.

2) HRT 3~9%hr, 7718 53} 0.47~1.42 kg BOD/m - dayollAd A¥LFE A2 A7}
BOD, COD. SS. T-N. NH,"-N % T-P9] AAZ&L 7z} 89~92%, 82~89%. 91~
92%, 35~42%. 52~81% R 28~36%9] =& AL 4 T AU

3) TKN #3&&o°] 0.10~0.29 kg N/m' - day, BOD/TKN®|7} 4.6~5.080 2HAZHNA
st g &3 ANEL 42 17~40%, 0.67~1.17 mg NOs3-N/g MLVSS - hr2 HRTY
F7hel whzt oF 2. 4uie} 1.890 F7F &Hdch

4) ¥ vAE =9 AEY T a8ln d9EHT FAuYEZLS {78 Rl wde A
TErE FrhERen, BE%e e WXUSE {7IEFE ] dugle]l ¥y BAE
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