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Abstract

The objective of this study was to make a SBR+MBR complex process to evaluate the possible use of the advanced water
treatment system for ships (SBR+MBR complex process) in accordance with the amendments MAPOL 73/78 that went into
effect. The conditions 1 and 2 did not show the quick reduction in anaerobic condition while in the precipitation and stirring
stages of the SBR treatment which was determined to be ineffective denitrification, same as with the ORP. Removal of organic
matters such as BODs and CODc; in the SBR treatment was observed to happen smoothly and going through the MBR
treatment as well would provide a stable water quality. However, the results were not satisfactory in accordance with BODs 25
mg/L and COD¢; 125 mg/L. Thus, the operating conditions improvement is deemed necessary. Likewise for the nutrients (T-N
and T-P), the nitrification in bioreactor, denitrification and phosphorus absorption in aerobic tank due to phosphorus release in
anaerobic tank had not been proceeded effectively. It was concluded that the improved operating conditions and structural
changes would provide more effective treatments since the removal rates of T-N and T-P were less than 70% and 80%,
respectively, which were standards specified by the MEPC. 227(64).
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AFA |7HIMO, International Maritime Organization)
ol R 5 MEPC, Marine Environment Protec
-tion Committee) Soi| 2J3} A|7)=]o] Yt} 19730
e ko 2 E 0] 0420f Ot @ HYAIE SRt 4
Z)(FEA 4)2 29 “setout A EA] Fsiohrh A
2002 9% 262 =2Qo7} viEgoZn FoF vka
0] S25]0] 2003 9ol LasHA H ock 1%
ok Hofol HhawA] 53t 7HE =83t olfi= 24 f
e SAAIo] HAE SIgiE Aow J&%QE} MEPC
oAM= Z7HEE €5l MARPOL 73/78 &4 IV
o] /HAE ot EAKRELS: 00%} Act(Jang et al.,
2003). 1 3} AEoA] SRR 042 Prelak A
Z517| ¢8F MARPOL 73/782] F<&4 IVE 2003 9
27 GHE AR o2 WAl SfjolA = 2004
W HoRS Hasiith(Kim, 2010). oj2f3t A4 e
ol 2Ja) S-eltehe] FEsjorol A 20081 59 262
Addbof| A WA El= S A25)7] 915k “sided W
AdH] FARSE: Q1R A3 sAI H HEIE"S Res.
MEPC.159(55) 7|02 7Aate] 20104 1Y 12 o]
o] Az o] GRjEhs AR Hoxe)a)
of Z-g-A]ZtHan et al., 2010; Ministry of Oceans
and Fisheries, 2008). W2}A IMO2] Res. MERP.
159(55)«1 7eE HHESPHA kY] E4dol| Fglst
I, 9 A Ao 2o Aol et A
OL] TIEA27IR] 7153 A2 2L 92=2]7] AFx| Q)
7igto] "Q3tE AAo|tGrace et al., 1994). SBR
(Sequencing batch reactor)-2 37| &3} A A4y, 219]
AAZL E g ol o]0l .0 A7} 7Sl Al
Holel Al 240l 48 7Rssleh o] lom,

th(Norcross, 1992).
I 050 5 L) ros) A
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Fig. 1. A raw water and built toilet for this experiment.
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Table 1. The characteristics of the raw water and operation conditions for this experiment

Parameters Uniits Measured value Guidelines of artificial wastewater in
Minimum Maximum Average MEPC. 159(55)
Influent flow rate m3/day 091 1.01 0.96
Temperature T 7.2 9.8 9.2
pH - 7.1 7.4 7.2
Conc. mg/L 1,214 2,501 1,854 BODs > 200 mg/L
BOD Load ke/day 1.10 252 1.78
CODG, Conc. mg/L 2,727 4,280 3,595
Load kg/day 2.47 431 3.44
Conc. mg/L 2,731 7,449 4,634 TSS = 500 mg/L
S Load kg/day 2.48 7.51 4.44
TN Conc. mg/L 181.938 526.943 325.236
Load kg/day 0.17 0.53 0.31
Tp Conc. mg/L 21.631 54.640 33.215
Load kg/day 0.02 0.04 0.03

2t siglom, shdAollA vliEs 24~= A% Pilot Plant mg/L o2 UEp} APl FirH<= ot uf-9- FAL
o] F7xE Bl §9] Hes fiedl AR5 ARtel SHA| YRk ow, MEPC. 159(55)0llA] AAIE AAg<1s
A} 2 dqts A1 E 2ol AAskglem, o & ATl T EE8] 2 A 0= e
0] Ft 522292 CE ERfyith

TEZE Aol AR Bt ¥ 89| 79 BODs,
CODg;, T-N, T-P ¥ SSo] #$ 717} 1,854 mg/L, 221, AEEX|
3,595 mg/L, 4,634 mg/L, 300.959 mg/L L 28,178 2 ol A AMBRE A= A=A 2 E 91%F SBR +
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Fig. 2. Schematic diagram of the advanced shipboard sewage treatment plant.
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Table 2. Operating conditions of the advanced shipboard sewage treatment plant

Parameters Unit Condition 1 Condition 2
Anacrobic tank Drain flow L/min Auto Auto
Anaerobic phase A A
MLSS mg/L 3,500 3,500
Aeration min 90 150
Air flow L/min 40
SBR reactor Sedimentation min 30 45
Mixing min 15 15
Sedimentation min 15 15
Media (6} (6}
Drain flow L/min 1.5 1.5
MBR (only aeration period) Drain (On/Off) min/min 7/3 7/3
Air flow L/min 121
HRT min 150 225
Flow m’/day 0.91 1.01
Table 3. Analysis of the water samples for this experiment
Parameters Methods Note
DO Portable DO meter, Direct Measurement YSI 550A
ORP Portable ORP meter, Direct Measurement RM-30P
BODs Incubator, Standard Method 207C, 5 Day
CODcx Hach DR 2800, Method 8000(Dichromate) COD DIGESTION VIAL,HR
SS GF/C, Dry oven, Standard Method Gravimetric Method
T-N Hach DR 2800, Method 10072 TNT HR TOTAL NITROGEN
T-P Hach DR 2800, Method 10127 TNT KIT TOTAL PHOSPHATE HR

MBR3ZA©& MARPOL 73/78 IMO Res MEPC. AAE Azrolar 7REs1A| B1e] 1)
227(64)ell 71Eel 40918 A=, A28k E—lFoulingEl] 2|43} 9= o)
27dslom, M 27 278 Table 297 AA|

ton/day, 7282 W 1,322 mm x L 1,022 mm x H

F o] nppE 2}
78 7V A &

1,200 mm= ARt 0w, HAEES A 9 d714 } Act
2 S YRS 9 uhR e Adslel AEE 9 o) .
od
o3
At 420 AFA A]??d A, DO meter, pH meter, ORP
222 Hdd meter ¥ HachAl $~2EA kitS o] g35fo] BA5I9 2

H7122] 7% 2570lA SBR FH = AAG3HE ™ A 2 Table 0] AJASHA

-n-Eo}OﬂOEq, A2 SBR HRSx0] Ho MESEA HL.S

aeS Skl $fall Medias ARESIITE 27] 3.
MLSS E%=E 3,500 mg/LZ -F-A3H== 3l SBR 34
cycled E71> MR 202 Sstg 0N,
MBR 3782 A% 25 = SBR 34 5 F71=

ny

at

!

=t
=

3.1. DO &M ‘ﬂ}
AlZr 5 DO %71 1.3 ~ 2 mg/Loldd uff A=
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Fig. 3. Variations of DO by time for condition 1.

sG] e glo] 21 4= 9lont, DO Bt
1 mg/Lofs}el 29 ARiA13E St dake v g}
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Fig. 5. Variations of ORP by time for Condition 1.
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Fig. 4. Variations of DO by time for condition 2.

AEE Uele 2 Ax= of2] AA=(Koch et
al., 1985; Ra et al., 1997; [[|& et al., 1994)2] A&1Z
Tof] ffe o] ZaE= 7, Z NOSNe| 557t
zero?l AJZ o4 ORPL] =7 (Bending Point; Nitrate
Breakpoint)©] YERGTIL it} Condition 12] ORP
HeEl 208.7 mV(159.6 ~ 249.2 mV) Q] Holz 1}
Eptom, Condition 22] ORP HizT= 206.0
mV(119.2 ~ 248.0 mV)©] H¢]& Ljeh} NO; NZ |
£ 24 514 glolE 227 B MEL sk 1t
Ep Ao g,

3.3. §7IE(BODs & CODc,) 2AMZnt

Condition 12] BODs S4ZA1} ¥4=2] 49 2,153
mg/L(1,749 ~ 2,501 mg/L)E LkeRfglom, 2% At
0] Ao 58 mg/L(27~114 mgL)E Uepith
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Fig. 6. Variations of ORP by time for Condition 2.
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Fig. 7. Variations of BODs by time for Condition 1.
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Fig. 9. Variations of COD¢;, by time for Condition 1.
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Fig. 11. Variations of T-N by time for condition 1.

40

miafue OEfuen

T-P(mg/L)

50 100 150

Time(min)

200 250

Fig. 13. Variations of T-P by time for Condition 1.
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Fig. 8. Variations of BODs by time for Condition 2.
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Fig. 10. Variations of COD¢;, by time for Condition 2.
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Fig. 12. Variations of T-N by time for Condition 2.
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Fig. 14. Variations of T-P by time for Condition 2.
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mg/L(1,916 ~ 2,384 mg/L) & UEeRfglon, 2|5 gAk
0] 260 mg/L(37 ~ 98 mg/L)Z YERGTE
Condition 12] COD¢, £-4123} ¢4=9] 7$- 3,435
mg/L(2,938 ~ 3,844 mg/L)= HYERfi2lom, 25 At
4=0] 72 139 mg/L(74 ~ 269 mg/L)&E UrEhith
Condition 22] COD¢ E4Z23} 949 AL 4,074
mg/L(3,776 ~ 4,280 mg/L) & UERA o, )% WAk
4=0] 742188 mg/L(160 ~ 240 mg/L) & L}epsirh

3.4, FLAR(T-N & T-P) 2MZ

Condition 12] T-N 3473} £14:0] 7% 340.153
mg/L(314.190 ~ 375.714 mg/L)& LehjjQlom, 2=
AJAF=0] 7-2- 187.985 mg/L(150.164~227.433 mg/L)
2 YeRth Condition 29 T-N 24141} ¢4=0] 4L
256.044 mg/L(209.749 ~ 300.174 mg/L)= RS
om, zFE AAO] AL 133.809 mg/L(95.337
~164.053 mg/L)& LJERHTE Condition 12] T-P £4]
A} A=0] F-9-28.237 mg/1(24.161 ~ 33.347 mg/L)
2 Uepfglen, XE A e 15.898 me/L
(13.341 ~ 16.941 mg/L)2 YEPRIT} Condition 29]
T-P X237} 49 39 24.571 mg/L(21.631 ~
26654 myL)2 Uenjglon], 2% o] Ao
12.205 mg/L(10.031 ~ 13.183 mg/L) & LFEpgc).

4. 2 B

3 Qo iz SBR W MBR #3157 4412 A%
3}o] MARPOL 73/78 7iAdkao] wh2 Aukg s
A24AISBR % MBR =2154)e] A 7Ks4 771
ol 7 54jo] glon], DO B ORPe| 4 Ao 3}
A2 Al A= W2 Y DO sl YR o R 2.0 ~
3.0 mg/L A7} a-g&&olgt 44 912, Condition
1 2 Conditions 2 ZANA = FARSE A 22 YeRT)
9] A3l=2 n)F0] Condition 1 ¥ Condition 2= SBR
24 5 00 L miekolN ks 2o W
A3 s AR HojA|H, o= ORPE} M7 HA]
2 wo) FahEo 2 o]ofx|) ghiz 102 ek,

f+71E(BODs X CODc,) 2] 7-9- SBR -57g¢llA] 7]
= AA7} =5] o]Foi%| 1L, TBhEo] MBR 3785 A4
] QAR S ek Al o= ekElnh kARt &

522191 BODs 25 mg/L % COD¢, 125 mg/LE 7=
SHA] Z3t Ao ® et e219] Tl Bast A
o2 vehyith B3 JYETT-N 2 T-P) 9] -9t uf
7P 2 AEHRSE Welld vl Ails], eaey
2 F7dxolA 9] Q1 W o5t S7dxolA 9
T7F Ao R PHA] o= Zlom ek,
MEPC. 227(64)71%2]1 T-N @ T-P A|A&231 70% U
80%¢| m]2|A] H2l P27 7HA B AL WA o] Fo]
Rthd & o a82%1 37go] E 2 o= ekt

il 2

o] =B 2014l SAIARE Ajelo s FHtsie
P121E20] A2 Wok 448l Aol
2 Slot 218k B3k g T,
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