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Advanced Wastewater Treatment using Sequencing Batch Reactor

on ship’s sewage
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L o : MutdlA wAlEtE 2 - H5g AYsty] st FBEH A B Q1Y AAFHoR AMEHT e A FEY FAHL o435
s712el AA BT MAa 22 drezUldi] $-3tT UE Bacillus sp.aFe AHE gopry] 9ate] Lab-sacle® a3 Ach ¥HEE
oA CODY AAZEL 9020%, FRUIHAALE 90.0%, 22429 AAZEL 84.0%, A AAETES 9B0%E vhehytth Bacillus sp.g ©]
£33 SBRE AMEo Autd|4o] A E LS g Hogtt E7]Al4] SBR e pHE %719] 8104 30%-E<] pHE 7002 A3 F
A ©AQ 39AIS 4GAClA pHE Z7hslr] MAstd #FHog pHE 7308 #AHAh TOCAA D digh oA AdF2 o
0.36kg - MLSS/kg - TOCS. 2 veEldon gho A wAeys & £8A 3444 el wezdA npdelado] B¢ $482
242%% ERE T 2 wredAld A kAl AEEL S @& F 3ol R +EE HYGL #dd F U

A0 - A @ - W5, ASI R whgz i wpdE AT 33, DO, pH

Abstract : Lab scale experimental study was carried out for SBR process, to investigate the effects of influent ship sewage organic
compound removal and Bacillus sp. state on design parameters. This process was able to remove nitrogen and phosphorus as well as
organic matter efficiently. More than 92.0% of chemical oxygen demand(COD) were removed. In addition, about 84.0% of total nitrogen
(T-N) was reduced. The total phosphorus(T-P) reduction averaged 93%. The performance load of SBR process was shown to be 0.09kg -
TOC/mS3 - day. The pH was decreased from 81 to 7.0 within 30 min and increased to 7.3 at the end of anoxic stage, and these phenomena
were explained. The sludge produced in the SBR process is characterized by low generation rate (about 0.36kg - MLSS/kg - TOC) and
excellent settleability, The number of Bacillus sp. in the SBR was 242%, indicating that Bacillus sp. was a predominant species in the
reactor.

Key words : Ship sewage, Sequence Batch Reactor (SBR), Bacillus sp. DO, pH
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of TFE F718 Bk opg Wi} AL FA M >
Qe Mukg o - w5 nEA Ao R AT o] o]
o) R ofgirt

B =2 5718 AAE B2 Aad A8 A A
A F 9i f718 1REE AT IAEAS Hsis v}
Ae} 2t (Bacillus sp)& o1 43tAth §ae) LT 2] Aol A
FaA ALEE I Sl UlAEQ M ATS o) g3l A
g B4 BolA BE Helr} o]Fold + YnE AR
&2 A3 U A< 24 wSI|(SBR)E A3
o & - #F HeAlade e AR EEo] BF AT
o} g7 Auk 9 - wFel UE B FH AeEHS AR
st
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EEAL 1202 SASAT AYF MEHE G35 Fe
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1atd el NS I 15meg/loll, FEA
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Fig. 1 Sewage treatment system used in this study

Table 1 Characteristics of ship wastewater

Division Concentration(mg/#) | Mean(mg/ ¢)
CODcr 400~500 450
T-N 25~30 215
T-P 4~5 45
MBAS 10~20 15
Mineral Oil(Diesel) 1.3~1.7 15
Animal Fat 1.4~16 15 -
Vegetable oil 1.4~16 15
2.3 R¥=A
2 A7l AeE AFEEAE 49 SEFAE A
B3(Best-Bio-Bacillus System) 822X E 23900
1543 H871E AR F dgxe AFsigch. 714
ZHolAe] S£EAALDO)E v A Md(Bacillus sp.)

[=]
A7)l osf 1

A5l go] A9 2UHEE A

AR 15~2mg/ ¢, 294 0.8~1.0mg/ ¢, 34 0.3~05mg/ ¢, 4
@7 01~03mg/ ¢ = HAX7E Ak vhEE2}e 1Y 45
712 9o, 321E Table 20 YeRAL 15713 A

2FE 720l BE 232 A ZEEA7|(Time controller)
o &) AFoE AFHES 5}"3‘1} HExde 239 =
Z(MLSS)= 2,250~2,680mg/ £ 2 #A stk w3k A4
TAAELZ 3= vAEAAS 0.02 kg/kgBOD - day9] <
2 grgxd FUAA s AFE S ssd

] =
=
fal

b

Table 2 Operating conditions for SBR

I
Fill 7 Total

//4/;/ 2 4 |Settle| Idle |Draw (rmin)

RUN | 10|60 |60]60|70| 8 | 10 10 | 360

Step

Aerobic : Anoxic :
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Table 3 Summary of analytical methods

Item Analytical Method
pH pH meter(Thermo Orion 720)
ORP ORP meter(Thermo Orion 720}
TOC TOC Analyzer(SHIMADSU 5000A)
NH,; -N Indophenol Method
NOs -N UV Spectrophotometric Method
NO2 -N NED, Colorimetric Method
T-N UV Spectrophotometric Method
T-P Automated Ascorbic Acid Reduction Method
DO DO Meter (YSI Model 58)
MBAS Metylene Blue Method
3. &y & nE
3.1 SBR t3=x9| Xz|+& #at
Fig. 2= Alzke] ®iglel W& CODcr, TOCO #&%¢

5 =skE Yehliglh oF 60
o ) HeAe FHS dAHo|x
=2 HU1E xﬂﬂﬁ < velfgith #718(CODcr, TOC)Y
Wl CODcr, TOC2] #x7} Z+7 370mg/L,
240mg/L011 FEFo)A 65mg/Let 3mg/LE AALEo
yebyith 24" 2940 evetre] oA R
g #Ze W3 7|52 COD 40mg/LoldE w3l u(A &,
2002). SBREHE-ZUle] 47 AA" f7|EH] gk AA
B3lE 0.09kg - TOC/m’ - dayel e ®olx glt)
-2y 371483 AAME dRY o] AANNH-N)7F 40
mg/ £ oA 4mg/ ¢ 2 AP0 FAA: FFAME A dh
(NO3 )= 05mg/ 2ol 2.7mg/ ¢ = F7betick 2714 4=
Fakx AL AXNEA A2t AAHAD. dEYole] &

AFsbrt A&stA dojuba A ] 90%0]/de] AL A
A LE B/ folEE Mo WEHNG. & ATl

A ARE SBRIA O Aubela BAEE §7]%9) Hel

AEE ANT F Yrke AE FAAL

9 219 AAG QoiE AAse] FASHY Qe B
7 o) g whol AubelA BAF Bioh FYALE Ho] of
2AE A2 5 Ak A AAZFE WPE] AT ¥
23 FYHAE o g3 B FHL A5 2o BFoz

A
Al

2@ o AAA W ZAReIU. AFAH Ao AA
7 olFold MEH Fol E 93%7F A AL
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Fig. 2 Variation of CODcr, TOC, T-N and T-P in the
outflow water
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Fig. 3 Removal efficiency of COD, NH4-N, T-N and T-P in
the SBR system

ez WolA 2 AR Y Heas %Flg 39
eligict. 228 CODe AAEE&L 92.0%, ‘fl°P‘“a‘i
T 90%, FHA0] AARES 95%, U9 Zﬂﬂi < BUE
velwkth. Bacillus o]-&& SBRE AM&-3te] Aol

tiste] FgA %iili & Yehisith

718 AAN 2od e AAAA Had {71
2 74]/&01} wet 7tk fd5%e 48mY/dayoln WHSE
& 12m%/day, MLSSE 3000mg/L, VSS/TSSE 0.7¢
] TOCE 240mg/Lol I $% TOCE 3mg/Lelth £9 T
mg/Le]Z §%& TNE 3mg/Lolw 24 e O,
0.277kg/m3 aire] @ AAATE-L 0129%, FAAS
2, B WAZEATE 0068 ALE3tF (st
2, 1998). C:-;Hvdcd W X8
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20x2.86x0.1 = 5720]3 &
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]

zﬂjgm{n

o X
rl

).

l“ﬂ n L FIO do oo d
Y,
ol U‘l
[o

)
Al

er

=
=
A #7182 AA

FAstE 20x0.86%0.7 =

- 477 -



A

i

1 AATOCE FL & 24 kg Ovkg BODIX{(HYBOD-2
Ao o F718)-FZTOCH /1000
=0.4x{(240-17.76-3)x48/1000=4.2kg Oo/day

2) WAEFo Bag Aa%F (VSS/TSS = 0.7)

WA EEAS x MLSS xuhgzo 44 x(VSS/TSS)/1000

=0.06x3,000x12x0.7/1000=15kg Oy/day

ArAA 2QF = Aay

1A gze Fad i (70%)

Azl oFF Yol AA(=TKN)=(FUTN-FZTN)x-F %

=(275-4)x48/1000=1.1kg NH,-N/day

AAAA LS 70%7F 3714 222 AA

= 1.1x0.7 = 0.77kg Oy/day

3714 24 wkg-A 1 ONHL -N+20,+ T — N; T +4H,0+2H

Oz : NHs-N = 2.29:1 — 2.29x0.77 = 1.76kg Oy/day

ANBFRNN 2aFHE 442 (30%)

45T+ A AH = Rk A 4x0.3/1000

= 457x48x(27.5-4)x0.3/1000 = 1.5kg Oy/day

4) oY F AL gL o] T3 F7)1EAA A I
2% A4 AxAAN 28HE H2FL BT bl
o 2
4.2+15+0.77+15 = 7.97kg Oy/day
i3 298 Aags FIE o 2
7.97+0.277+0.12x1.2+24+60 = 0.2m’ Air/min

3

=

Auk @ - 34 A SBRAA #7189 AAsk WA B F
gas Aae aen FAo AAd "B AATL 02m®
Air/min®¢]th 4

3.3 SBREtEZ0IAM DOLt pH2| H3}

Aur 9 - WS A AR A E7)A £EAEDO)E vk
& AT (Bacillus sp.)9 454 2Fo] 471y ®
TE ABEI o) 1BAR 15~2mg/ £, 294 0.8~
1.0mg/ ¢, 394 0.3~05mg/ £, 427 0.3~05mg/ £ & H7E7)
£ 3%t o)W SBRolA 9 DO pHY #¥33 Fig. 49 vk
Wtk %7] 208 ool 15mg/L AEE FX gl e} 28
& 3714 AHE fA8ed EAV Qe AoR ddE

E7|A9 SBR W& pHE %79 8104 30% F9hol| pH
= 7002 FadHth 2719 pHY ZhE @i ] &
Euyolz RaEe #AY AL A Ag S 53 4
A=t S718te ARt FAbsd o) A EE LI
Rol §7] W Aoz AzZbArh tA] pH7F S7ste A
A3zt Aol faEn e AFH7E 2AE] wiolth

ke A9 3 A 9 4g Ao pHE F713817] A&k
HFHom pHE 7322 §AHUT pHb S7kehe
gAsglo] ofgt F4ts) o] L9 Jgoz AL L FFo]
74s7] WE] Aoz AZEG(L T, 2003).
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Fig. 4 Track analysis of DO and pH in SBR system
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amount of TOC

SBReIA <#A] A34L2 £2A AAAFSVDE F38H
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Table 4 SVI values of SBR and activated sludge processes

Process MLSS (mg/L) SVl SVl
SBR 2,680 117 82
Activated
Sludge 2,150 161 107
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I A#E Fig. 69 JeRARIeh 1Al v e
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2 SEee 20%013t. 3vAcME HEyadse
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Fig. 6 Variation of Bacullus sp. number in the SBR system
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Fig. 7 Observation of Bacillus sp. on phase-contrast
microscopy: (a) spores in settle(x300), (b) endospres in the
anoxic(x300)
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