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Abstract- The objective of this study is evaluation of SBR operation by observing the DO and ORP change at advanced 
shipboard sewage treatment to achieve the standard of IMO MEPC. 227(64).Two operation conditions in SBR process were 
evaluated. Condition 1 was conducted with aeration 90mins, sedimentation 30 mins, mixing 15mins and sedimentation 15 
mins. Condition 2 was conducted with aeration 360 mins, mixing 120 mins and settling period was omitted. In Condition 1, 
DO and ORP were slowly dropped after aeration period and minimum value were too high. On the other hand, Condition 2, 
DO and ORP were relatively dropped rapidly after aeration period. Therefore, Condition 2 is more appropriate than Condition 
1 for sewage treatment (especially total nitrogen removal).Since it is better to change the condition in SBR 
reactor(aeration→anoxic) than condition. 
 
Index Terms- Advanced shipboard sewage treatment, SBR, DO, ORP.  
 
I. INTRODUCTION 
 
MEPC(MEPC : The Marine Environment Protection 
Committee) of the IMO(IMO : International Maritime 
Organization) has been managing the coastal 
environment criteria due to an increase in the size and 
number of ships.(Kim, 2012) The most recently 
applied criteria are based on Approval 4, and the 
suggested water quality criteria are limited to organic 
matters, coli form bacteria, and floating matters. Since 
then, the MEPC has expanded the water quality 
criteria for coastal waters by increasing the indices 
related to marine pollution. 
 
With the enactment of MEPC. 227(64), nutrient 
removal is now required in the design criteria of 
shipboard sewage treatment plants, as well as inland 
treatment methods for sewage and sludge that are 
being utilized on ships. Toward that end, this study 
was aimed at deriving the operation conditions of a 
reactor by operating a one-ton pilot plant to develop an 
advanced shipboard sewage treatment plant that can 
satisfy the standards of IMO MEPC. 227(64). 
 
DO(DO : Dissolved oxygen) was measured in order to 
determine whether conversion between aerobic and 
anoxic phases occurred satisfactorily according to the 
operation conditions in the SBR. Moreover, the 
ORP(ORP : Oxidation-Reduction Potential) is 
regarded as an excellent control parameter in that it 
can be used to detect the termination points of 
phosphorus release, nitrification, and 
denitrification.(Poo, 2003) It can also be used to 
distinguish aerobic, anaerobic, and anoxic conditions 
in terms of changing characteristics, thus it is applied 
as a control parameter in the biological removal of 

nitrogen and phosphorus.(Kim, 2002) As such, it can 
be determined if a process is being actively performed 
in the reactor by analyzing the inflection point of the 
ORP according to operation conditions in the reactor. 
 
Therefore, in this study each operation condition of the 
SBR was evaluated based on changes of the DO and 
ORP to confirm the appropriateness of the operating 
conditions of the reactor for advanced shipboard 
sewage treatment. 
 
II. MATERIALS AND METHOD 
 
It is essential to consider the safety (humidity, 
vibration, incline, temperature, etc.), small-scale 
design, maintenance, and management while 
designing ships because they are installed in confined 
spaces. Additionally, if a device for the removal of 
nutrients is needed to be installed in the existing ships, 
rather than a large device, a compact device should be 
designed and operated. So a sequencing batch reactor 
plus membrane bioreactor (SBR and MBR) process 
was applied to minimize the plant’s size and to remove 
nutrients with high efficiency. 
 
Raw water was supplied from the toilet built for this 
experiment. And we have evaluated two operating 
conditions in SBR process. Condition 1 was conducted 
with 90 mins(aeration), 30 mins(sedimentation), 15 
mins(mixing) and 15 mins(sedimentation). Condition 
2 was conducted with aeration 360 mins, mixing 120 
mins and settling period was omitted. This experiment 
was conducted with MLSS concentration, 3,500 mg/L, 
amount of air supplied 121 L/min and intake treated 
water 1.5 L/min. 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Special Issue-5, Dec.-2015 

An Assessment On SBR Operation By Observing The Do And ORP Variation At Advanced Shipboard Sewage Treatment 
 

48 

 
Fig. 1. A front view of the advanced wastewater 

treatment for shipboard. 
 

 
Fig. 2.Schematic diagram of the advanced wastewater 

treatment for shipboard. 
 

Table 1. Calculations of volume for advanced wastewater 
treatment for shipboard 

 
 
III. RESULTS AND DISCUSSIONS 
 
A. Condition 1 
Fig. 3 and Fig. 4 each show changes in DO 
concentration and ORP during a Condition 
1(Aeration→Sedimentation→Mixing→Sedimentatio
n). It was found that the mean DO concentration was 
2.32 mg/L (between 1.07 and 3.36 mg/L) and the mean 
ORP was 208.27 mV (between 168.70 and 243.90 
mV). 

To ensure that the bioreactor stays in an aerobic state 
during biological treatment, the DO concentration in 
the sewage treatment plant is typically maintained 
between 2–3 mg/L.(Jo, 1998) In addition, it has been 
reported that efficient DO concentration in the 
bioreactor during sewage treatment is between 2.0 and 
3.0 mg/L. On the other hand, the limited DO 
concentration for a denitrification reaction under the 
anoxic conditions of the SBR process is approximately 
0.2 mg/L.(Han, 1997) Also, when a DO concentration 
of 2.0 mg/L or higher is reached under aerobic 
conditions during sewage treatment, the ORP 
increases rapidly to 200 mV or higher and shows its 
inflection point at the end of nitrification and 
denitrification.(Kim, 2003) 
However, Figs 4 and 5 showed the minimum DO 
concentration was found to be 1.07 mg/L and ORP 
dropped slowly this means anoxic condition was not 
formed completely. 
 

 
Fig. 3. DO variations of pilot plant at Condition 1. 

 

 
Fig. 4. ORP variations of pilot plant at Condition 1. 

 
B. Condition 2 
Fig. 5 and Fig. 6 each show changes in DO 
concentration and ORP during a Condition 
2(Aeration→Mixing). It was found that the mean DO 
concentration was 3.09 mg/L (between 0.27 and 4.33 
mg/L) and the mean ORP was 212.48 mV (between 
57.60 and 272.80 mV). The minimum DO 
concentration was found to 0.27 mg/L and ORP was 
relatively dropped rapidly.  
According to this study, Condition 2 is more suitable 
than Condition 1 for forming the anoxic condition at 
advanced shipboard sewage treatment. 
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Fig. 5. DO variations of pilot plant at Condition 2. 

 

 
Fig. 6. ORP variations of pilot plant at Condition 2. 

 
CONCLUSIONS 
 
By analyzing the DO and ORP variations in the 
advanced shipboard sewage treatment, we arrived at 
the following conclusions: 
1) When applying the Condition 1, the minimum DO 

concentration needs more decrease until below the 
0.2 mg/L. And ORP also needs more rapidly 
dropped for forming a anoxic condition after 
aeration time. 

2) Condition 1 is not form the anoxic condition that 
means it is impossible to nitrogen removal because 
denitrificationcannot occur on SBR reactor when 
only aeration condition. 

3) In Condition 2 more aeration and mixing period 
compare to Condition 1. Settling period was 
omitted. It is relatively better to change condition in 
tank (aeration → anoxic) than Condition 1. 

Therefore, the Condition 2 is more effective to sewage 
treatment than Condition 1 because of big variations of 
DO and ORP. To achieve the MEPC. 227(64) which is 
hard on standard of water quality, we must remove the 
nitrogen under the 20 Qi/Qe or achieve the 70% 
reduction.(KR, 2012) So we create a more completely 
change aeration to anoxic on SBR. Thus, Condition 2 
has more aeration and mixing period and omitted 
settling period in SBR for advanced shipboard sewage 
treatment. 
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