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ABSTRACT : Lab sade experimental study was carried out for SBR process, to investigate the effects o 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 %% o chemical axygen demand{ COD) were removed. In addition, about 97% o total nitrogen (T-N) was reduced
The total phosphorus(T-P) reduction averaged 93% The performance load of SBR process was shown to be 0.0%kg - TOC/nt « day. The pH
was decreased from 8.1 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 24.2%, indicating that Bacillus sp. was a predominant species in the reactor.

KEY WORDS : Ship sewage, Sequence Batch Reactor (SBR), Bacillus sp. DO, pH

1. 2 T gova glon tdd 24EHE A A B

g, Fd FAMAITFOMOE oA TARS
Saele HAESge] gololm Autel mode a7 gy AT Avtel o sded d¥T Fol7l €8
o] sjopolth. AT Mute] o8k BEare] Zyhz Mubg] MARPOLTY/T8 eke A=sgch Adelr ddds F2
A SgEE 0A2AT old dotide] oge v Aztsy LEERE Wb Meﬂﬂ A% oo HE oA
A2 3 HAFRE vttt FAsn otk m@ g CUHSES T, OAR F2R Sl U 3 T B
o3 =wsjde] ooz sy Ao} ojFel wa Lol AU Eﬂ‘ﬁ——] T APH oz TS vAE L5
M kg el FAL dm; ok FASIA]TelA

«t 2 oAty MARPOL73/789] H&A] IVe] a2z HutdA 248 wZE
241, sangho@badahhuacke 051)410-4983 3 A9 0% o]AF Mure Sare] Astz: Au|e} SAFE @
*x3] Q) iskim@hanarakmaritime.ac kr 051)410-4416 g AR A el T & s)ot it} W 2008 oyl Aut

—293—



& g7l AFHATT K4ke) FEAMl Sk
o ol ek ZulelA 2004d 39 28AUE wagr). oo
meh $elueke 008 o4 Mute] e4AFANE PAT,
0E Dl Mute g8 Fo Y L Euide) BePe &
BAAE dAste] Azjstcolith. AN SlEMue] HE
g AYTEE 147 PHSANTYE o83 B A
A9 A7\t HRFAS Aot BE 471240
Fago] YA F9 il Axst AL S| AAT
4 9 FUSID AURLE B4 gk Pty $7E
& gRE AANYe] EAstd A5 o] AVAA 23}
o AwE Aol §2d 292 AUeye Fvie
g MulelA] WMEEE Hust B2 e45E ARelA U
oE 4t RARsE dor HUVALYT Hz LA
@ 99 ATHT ok = 24 veig 9 AeslE
& AN Yo} ANEE BE7) PaAAE Aol %
ASe dse] THY 4712 2w oy Aas) AL FA
oA A 4 9= kg o - A nEAYPA] B A
75} 7o) olFoi Ao,

2 =RME $712 AL 28 das AL SAY A
A% # Y1 4718 2R A WAEAE Ase v
A2 F Bacillus sp)& oS8T S48 nEA Aol
ke ALEHAAT e PIAE wAATE o8
Mute] B48 TN RE A7} o|Fold - YT A
2oty AT s A% HRA WSI\(SBRIE AHes
o 9 - A5 AL g AR T2 BE AT
st ¥ Mt 2 - 4ol B 2 A8 HLsHS AR
st

21 AHEA
£ 4gel AT 44 HEA WEEE T 5mme] £
haYz AHD YYEE ASeYT FEHE ULoH A1
$4e 1202 ARG AYF ENE F35) ¥ T
£o)3 de &eix Rie) 3 502 stk A eds
ARzE $44E %) ALY £ Y= F& A% st
o 50£% AYALL, FY R AFFLE 47 5mme) 47
2 FRg Agsden, 49 2 #2392t vIgagol §ol
¢ AW L(Peristaltic pump)E o183k} UHF Fol F4I5]
W& s/ Shleh MR Mixing time)ol 9] gz
ABY THE 93 WIS WAse] H0~TopmOZ WAl
A3 FFFANE Foko] F718 IIsA Wz o
St FLY471E AGale] 5:05CE FARAR A2
A3(time controllen & Fate] AF02 WEEE SUHAD:
HAHQ AR A B FHEE Fig. 1o ehigich

¢

ks

22 AlZe| Mat
¥ AYel AHgd fY4e] 44 2 Aol 540 ot 2

Aghe 4o BB 242 Table 1, 201 kAT $904
T dFHYY R AFAoA 2T 2 - HFE AHEEl A
Yol o] &BIATHE F1998). AY+9 CODcre #HT
450mg/L, T-N& & 275mg/L, T-PE 37 45mg/Lol%th
Aupdle] Z|EAELS HT 15mg/loly, 84 71E7
A2Y 7185 24zt HF 15mg/Lolch AA L Qe A%
X Gake ghetslr] HsiA 2=44, ORP probe 2 pH
meter7t 329 WEFAE o] g3l FALEY A WE AF
< BMstgich. @3, AAe] 2PeA] wgze) Wl o
o] 93ty vlAE LS FA sk

At BAgsts 2 - 5] et o] st A9
met AREnh B9 g5A9e UHoln H5e] B4
£ 43mdon, AR3HL 235%0] §4Eta Samle] AR}, ]
9] whgre] J1g B AL Mo Z 400089 S+ &
$38 3 H4E 9%Bam’e] B

Nutriment tank

Control Box

Kz

el
A
kP bubble

Alr
Ship sewage Gensrator
storage tank

Sequencing Batch
Reactor

Fig. 1 Sewage treatment system used in this study

Table 1 Characteristics of seawater

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 14~16 15
Vegetable oil 14~16 15
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Table 2 Daily hydraulic load of ship sewage

Classification Cargo Military Cruise

Vessel Vessel Vessel

Typical compliment 24 235 4,000
Black Water (m®) 06 24 100
Sanitary Grey Water| Y 570

(m’)

Laundry (m’) 05 82 130
Galley Water (m’) 2 9.4 160
TOTAL (m®) 43 | %4
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Table 3 Operating conditions for SBR
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Fig. 2 Varation of COCcr, TOC, T-N and T-P in the
outflow water
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Fig. 3 Removal efficiency of TOC, NHs-N, T-N and T-P
in the SBR system

R ol 7 #AMEEe] qid AasS Fig 9 o
et} Z+2ztel COD9 AAZEL 985%, FRYoMIZA
T 0% A5 AALES 5%, A AALEL B3%E
Uebstth. Bacillus sp.g ©]8% SBRE AM&ste] Aduts<o]
thate] HEAA A a &S Heich



32 yexuol MX 272 AN

218 A7l 2L2F AxFe A2 AN Ay FE
% At wE @k FYF%FS 48mY/dayoln wHgF9)
£2& 12m¥%/day, MLSSE 3000mg/L, VSS/TSSE 0.7¢]t}.
9 TOCE 20mg/Lelz % TOCE 3mg/Lolth &%
TNE 275mg/Lo) §3 TN 3mg/Loln A-2Argtel e
0.9 AFE 0277kg/m’aire] 1 AAAD LS 0.12%, HHA
FEPE 128 AL tHErEE AlA71E, 1993). gukaQl
AN AQHE #A7]EL AALENA 10%7F Yurditst
g2 B o2 AArgtl 20x286x01 = 5720]1 3714 €A
A AQFHE $718S A AN 70%7 3714 gd=
20x0.86x0.7 = 12.040]c}.

D AATOCT Pad ri%Bkg Orkg BODIX{(FUBOD-
Aol 488 {718)-FETOC)x+3/1000
=0.4x{(240-17.76-3)x48/1000=4.2kg O/day

2) WAZEF] o3 A2 (TSS/VSS = 0.7)
AT EASF x MLSS x¥h-gz9] &3 x(TSS/VSS)/1000
=0.06x3,000x12x0.7/1000=1.5kg Oz/day

3) AaAAA L8FHE AT

Z7Idgde Fag FAaT (70%)

A grYoMd AX(=TKN)=(FYTN-FETN)xF%F
=(27.5-4)x48/1000=1.1kg NH;-N/day

AAAAZ 70%7F 3714 EH2 AA

= L1x0.7 = 0.77kg Oy/day

3714 @3 w84 2NH-N+20;+Hz — Np T +4H0+2H'
0z : NHs-N = 22911 — 2.29x0.77 = 1.76kg O»/day
Atz A a5 AT (30%)

457 g @A A E RVl H4x0.3/1000

= 457x48x(271.5-4)x0.3/1000 = 1.5kg O»/day

4) Yag F2AATL S go] P F7IEHAAN E
8% Aas AiAA 2a5E AxF adn ALAA
A 2eHE A2FE BF Faid ohgw 2ok
42+15+0.77+15 = 7.97kg Oy/day

2 gag Aarde FIw ok gk
797+0.277+0.12x1.2:24+60 = 0.2m° Air/min

At ¢ - #H$ A SBRAAM #7129 AAG WAZF
HBad Aag aa Ao AAd "ag AAFe 02m’
Air/minelth. Rxg AL AAsH:: 2 HEFGH nxAF
F4el A207H e 0.3~05m’ Air/min7} BaskAw B g
e Ak 2nFo] HA o] FAAAA AHert shssith

33 SBRuISZ0lAl DO} pHel Wzt
Aur @ - HE AR NN E7]A] 2EAADO)E v Y

2% AF(Bacillus sp)e) HAEAN Do) A7\Re) T
=5 ABT7)) 98 1842 15~2ne/£, 227 0.8~1.0ne/

£, 324 03~05me/ 2, 494 03~05me/ ¢ 2 HAFE7IE 3t

9r}. ojuf SBRelA ¢} DOst pHel #3tE Fig. 4o eI
o Z7] 0% o]l 15mg/l FEE #FAg we 32
37173 AHE FA3ed 247 i Aoz svdr

7179 SBR W9} pHE x71¢] 8144 308 F<¢tdl pHE
7002 23Rk 2719 pHY #AE F7)1ALdA grY
otz HaHe A A& HIste HHPe Tl dHEx
7t Frkete RAn Figle o3 GEBRE AE3E Ao
27] W Aoz Azso|AL, tgA] pHY Fokeke AL
A7 A9 g H T Q9 37 AAEy] Yol

FA ©AQ) 3eAet 49AA pHE 27137 A&t
FHFHoR pHE 7322 FAHAL: pHF 718k A& €
Asgld] 213 £k} o] 29 oz AT RS FFo| FI}
371 &Y Rez Aoy, 2003).

——00 1lap

78

76

pH

o
n

M 7.0
p

100 150 200 250

Dissolved oxygen concentration (mg/L)
P

o
°
o
®

o
2 4

Opreation time (h)

Fig. 4 Track analysis of DO and pH in SBR system
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Table 4 SVI values of SBR and activated sludge processes

Process MLSS (mg/L) SVl SVIxp
SBR 2,680 117 82
Activated Sludge 2,150 161 107
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