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Abstract- The water quality standards according to this regulation are provided by the MEPC (Marine Environment Protection 
Committee) 227(64), which provides the treatment standards for phosphorous and nitrogen (nitrogen: ≤ 20 Qi/Qe mg L-1, or 
70% removal; phosphorous: ≤ 1.0 Qi/Qe mg L-1, or 80% removal). These standards were not included in the previous 
conventional guidelines.(IMO MAPOR 73/78)(IMO, 2013) In this study, nutrient and organic matters to confirm the 
appropriateness of the operating conditions of the reactor and to propose ways of improvement. also aimed to develop a highly 
efficient and compact sewage treatment plant in compliance with the international standard (MEPC. 227(64)).  
 
Index Terms- Advanced shipboard sewage treatment, SBR, BOD5, CODCr, T-N, T-P.  
 
I. INTRODUCTION 
 
South Korea is the primary shipbuilding country in the 
world and is ranked sixth in ocean freight and seventh 
in the volume of ships owned globally. Marine 
pollution has increased in the country with an increase 
in the number of freight ships, leading to an increase in 
the amounts of various contaminants. This has 
introduced environmental problems such as damages 
to fishery grounds, and disturbance and destruction of 
ecosystems. Recognizing that environmental 
contaminationfrom ships is a global problem.(Ha, 
2014)(Park 2007) Countries surrounding the Baltic 
Sea, which is facing a problem of serious 
eutrophication because of nutrient inflow caused by 
bio geographical characteristics and human activities, 
are demanding a revision of Annex IV to designate the 
Baltic Sea as a special sea area. Their main 
suggestions include: revision of MAPOL Annex IV 
(ISPP Certificate included), establishment of type 
approval standards of sewage treatment plants for 
passenger ships (only regulation standards on P and N 
were added in Res.MEPC.159(55)), and addition of 
text related to MARPOL Annex IV in Resolution 
A.927(22). This regulation was put into effect 
internationally on September 27, 2003; in South 
Korea, it became effective on February 28, 2004. The 
water quality standards according to this regulation are 
provided by the MEPC (Marine Environment 
Protection Committee) 227(64), which provides the 
treatment standards for phosphorous and nitrogen 
(nitrogen: ≤ 20 Qi/Qe mg L-1, or 70% removal; 
phosphorous: ≤ 1.0 Qi/Qe mg L-1, or 80% removal). 
These standards were not included in the previous 
conventional guidelines.(IMO MAPOR 73/78)(IMO, 
2013) In this study, Nutrient and Organic matters to 
confirm the appropriateness of the operating 
conditions of the reactor and to propose ways of 
improvement. also aimed to develop a highly efficient 

and compact sewage treatment plant in compliance 
with the international standard (MEPC. 227(64)).  
 
II. MATERIALS AND METHOD 
 
The raw water concentrations were very similar to the 
concentrations of the general nighttime soil 
wastewater. However, they were much higher than the 
concentrations of artificial wastewater for the ship’s 
classification approval, as proposed in MEPC 159(55). 
Because the installation of such as device on a ship is 
unusual, there are size limitations. However, it is 
necessary to ensure efficient nutrient (phosphorus and 
nitrogen) removal.  
Therefore, 
the SBR process was applied to simultaneously minia
turize the device and maximize the treatment 
efficiency. The miniaturization process involved the 
application of MBR to reduce the number of reactors, 
and the sedimentation time was excluded. Figures 1 
and 2 are the site image, pilot-plant drawing, and 
schematic representation of 1-ton day-1 capacity 
pilot-plant. 
 

 
Fig. 1. A front view of the advanced wastewater 

treatment for shipboard. 
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Fig. 2.Schematic diagram of the advanced wastewatertreatment 

for shipboard. 
 

Table 1.Operating conditions of the manure wastewater 
treatment system. 

 
 

Table 2.Characteristics of the raw water quality 

 

III. RESULTS AND DISCUSSIONS 
 
Change in organic matter (BOD5and CODCr) 
concentrations according to operation time. The initial 
raw water concentration of BOD5was 1,823 
(1,584 1,980) mg/L and the final treated water 
concentration was 13.0(4 21) mg/L. The initial raw 
water concentration of CODCrwas 3,915 
(3,563 4,144) mg/L and the final treated water 
concentration was 72(103∼49) mg/L.  

 
Fig. 3.BOD5concentration changes during 

operation period. 

 
Fig. 4.CODCrconcentration changes during  

operationperiod. 
 
The initial raw water concentration of T-N was 
457.133 (435.210∼ 475.345)mg/L and the final treated 
water concentration was 77.294 
(62.541∼ 101.942)mg/L. The initial raw water 
concentrationof T-P was 50.039 
(47.205∼ 47.205)mg/L and the final treated water 
concentration was 3.597 (1.846∼4.882)mg/L.  
 

 
Fig. 5.T-Nconcentration changes during operation period. 
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Fig. 6.T-P concentration changes during operation period. 

 
CONCLUSIONS 
 
The following conclusions could be drawn in this 
research. 
1)  As a result of operating the pilot-plant, the 
average removal efficiencies for BOD5and 
CODCrwere 99.3% and 98.2%, respectively, as 
compared to organic matter concentrations in the in 
fluent water, indicating somewhat high removal 
efficiencies. However, improvements in operation 
conditions are still necessary because BOD5and 
CODCrconcentrations exceeded the MEPC 227 (64) 
standard by 25 mg/L and 125 mg/L, respectively. 
2)  As a result of operating the pilot-plant, the 
average removal efficiencies for T-N and T-P were 
83.1% and 92.8%, respectively, as compared to 

organic matter concentrations in the in fluent water, 
indicating somewhat high removal efficiencies. 
Improvements in operation conditions are still 
necessary because T-N and T-P concentrations 
exceeded the MEPC 227 (64) standard by 20 Qi/Qe 
mg/L below or 70% removal and 1.0 Qi/Qe mg/L 
below or 80% removalrespectively. 
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