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 ABSTRACT 
An effective wastewater treatment is a must to prevent water resources from being 
polluted. In this research, the method used was biological treatment with sequencing 
batch reactor (SBR) as the reactor to treatment synthetic wastewater. There were four 
stages involved in operation of SBR, which were fill, react, settle, and draw. Synthetic 
wastewater is being used as influent with C:N ratio = 500:50. Three hydraulic retention 
time (HRT)being tested, which were 24 h, 12 h, and 8 h. ORP, DO and pH were 
monitored online and its relationship with nutrient removal (ammonium, nitrate, nitrite, 
and phosphate) was observed. HRT 12 h and 8 h achieved similar performance among 
the three HRTs being tested while HRT 24 h achieved lowest percentage removal of 
nutrient. 
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INTRODUCTION 

Wastewater pollution can be recognized by high 
concentration of biochemical oxygen demand (BOD), 
COD and the nutrient content of the water [1]. 
Degradation of the organic matter requires oxygen and the 
content organic matter in a sample of water can be 
estimated by the amount of oxygen necessary for the 
oxidation of this organic matter. The concentration of 
COD for extremely contaminated industrial wastewater 
can be higher than 100,000 mg/L [2].  

 
Meanwhile, nutrient in wastewater consists of 

nitrogen and phosphorus. Nitrogen in wastewater consists 
of ammonium, nitrate, and nitrite. Nitrogen can be 
removed by nitrification and denitrification process. 
During nitrification, ammonium will be oxidized to nitrite 
and the resultant nitrite will be oxidized further to nitrate 
[3,4]. For denitrification process, nitrate will be reduced to 
nitrite and then reduced further to nitrogen gas in anoxic 
condition [5]. While for phosphorus, Phosphorus occurs 
mostly as phosphates (PO43-), which are classified as 
orthophosphates (reactive phosphates), condensed 
phosphates (polyphosphates), and organic phosphates. 
Orthophosphates are the main constituent of fertilizers 
used for agricultural and residential purposes [3,5]. They 

are found in natural water and provide a good estimation 
of the amount of phosphorus available for algae and plant 
growth. This is the form of phosphorus that is most readily 
utilized by biota. Orthophosphates can be carried into 
streams and lakes through runoff [1].  

 
In contrast, condensed (inorganic) phosphates are 

phosphorus compounds that contain salts or metals such 
as sodium, potassium, and calcium in various structures 
and chains [6]. This type of phosphate is used in industry 
and can be used as food additives. The third type of 
phosphate, namely organic phosphates, is formed 
primarily through biological processes. Organic 
phosphates enter sewage via human waste and food 
residues. These phosphates can be formed from 
orthophosphates in biological treatment processes or by 
biota in receiving waters [5,6]. 
 

Both elements play an important role in algae growth 
but the excessive amount nitrogen and phosphorus 
significantly contributed to eutrophication. Therefore, 
removal of the nutrients, organic contaminants and 
pathogens from wastewater is of paramount importance to 
prevent eutrophication, oxygen depletion and toxicity [7]. 
Various advanced processes had been developed to treat 
this contaminant which one of them is biological 
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wastewater treatment. It is an attractive technology to treat 
this type of pollution due to economic advantages it offers 
in terms of operation cost and efficiency [8,9]. However, 
the treatment sites require a great deal of land and are 
costly to maintain, and the treatment process itself requires 
a lot of attention. [8-10].  

 
Thus, alternatives have been introduced such as the 

sequencing batch reactor (SBR). The SBR is an activated 
sludge process that utilizes a fill and draw sequence and 
can be operated in just one tank [1,6]. It works as an 
equalization, neutralization and biological treatment and 
secondary clarifier in a single tank through a timed control 
sequence, which makes it environmentally friendly 
technology [8,9]. Operation of SBR consists of four 
stages, which are fill, react, settle, and draw. Anaerobic, 
aerobic, and anoxic process can be carried out in SBR to 
remove nutrient contained in the wastewater [2]. SBRs are 
used successfully to treat both municipal and industrial 
wastewater [10-11]. Among the advantages of SBR 
method is required less area compared to conventional 
treatment and can be controlled easily using computer 
[11]. In addition, SBR can achieve high nitrogen removal 
and secondary sedimentation tank is not required. From 
economic aspect, since the area required is lesser 
compared to conventional treatment, the less maintenance 
cost is required [5].  
  

It should be noted that the application of SBRs in 
wastewater treatment has been investigated extensively 
[8]. However, to our knowledge, limited of the reported 
studies have reported on the performance evaluation of a 
SBR for simultaneous COD and nutrient removal of 
wastewater. The SBR system is selected on the basis that 
the settling and reaction phase takes place in the same 
vessel, which makes it easy to operate and economically 
attractive [11]. Thus, the aim for this study is to determine 
the performance of different hydraulic retention time (24 
h, 12 h, and 8 h) to the percentage removal of COD and 
nutrient. Furthermore, the findings of the study will 
provide wastewater-producing industries with practical 
and technical reference information to reduce 
environmental pollution in water-receiving bodies 
effectively. 
 
MATERIALS AND METHOD 
 
Sequencing Batch Reactor (SBR) and Operational 
Parameter Set Up 
The experiments were carried out in a 1300 mL SBR with 
a reaction volume of 1000 mL, headspace of 300 mL and 
exchange volume of 50%. A scheme of the reactor is 
shown in Fig. 1. The ORP, pH and DO electrode were 
placed in the reactor and monitored online. The signal 
from electrodes would be transfer to interface card and the 
data would be recorded using computer  
 

 
 

Fig. 1. Schematic Diagram of SBR 
 

Following are the stages of the SBR that were 
operated in this study: Filling: filling was the stage where 
the wastewater that would be treated was added into the 
SBR reactor; Reaction: the reaction was operated 
anaerobically and aerobically, which aimed to produce a 
good percentage of total N removal; Settling: at this stage 
the treated wastewater would be separated from the 
activated sludge by sedimentation/settling; Draw: after 
passing through the settling stage, the treated effluent or 
wastewater was ready to be taken and tested; Idle: this 
stabilization stage aimed to make the reactor effluent 
ready to enter the next cycle. Each hydraulic retention time 
(HRT), 24 h, 12 h, and 8 h was operated in 3 cycles, with 
the stage times of each cycle were presented in Table 1. 
The performance of the SBR system was evaluated by 
estimating removal efficiency of each parameter (COD, 
NH3-N) by comparing the concentration in the feed with 
that in reactor outlet at the end of each HRT h. 
 
Table 1. Time distribution of each stage for one operational cycle. 
 

Stage 8  12 h 24 h 
Time (min) Time (min) Time (min) 

filling 15 15 15 
anaerobic reaction 120 180 360 
aerobic reaction 50 450 900 

settling 10 40 80 
draw 15 15 15 
idle 5 20 70 

 
Synthetic Wastewater 
The reactors were fed with the same composition of 
synthetic wastewater from previous literature studies 
which made by 25 mg/L (NH4)2SO4, 25 mg/L KNO3, 52.7 
mg/L MgCl2.6H2O, 0.28 mg/L MnCl2.4H2O, 0.28 mg/L 
Fe2(SO4)3.5H2O, 4.30 mg/L CaCl2.2H2O and 5 mg/L 
KH2PO4. C:N ratio for this synthetic wastewater in this 
study was maintained in 500:50 as presented in Table 2. 
The composition of the synthetic wastewater used as 
shown in Table 2 contained organic carbon, essential 
nutrients, ammonia, and minerals to simulate the 
characteristics of raw domestic wastewater as also studied 
by the previous researcher [12]. COD and total nitrogen 
concentrations of the feed water were approximately 250 
and 25 mg N/L, respectively 
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Table 2. Composition of synthetic wastewater and concentration 
of stock solution. 

 
Types of 
Chemicals 

Concentration of 
Stock Solution 

(g/L) 

Composition of 
Synthetic 

Wastewater (mg/L) 
Glucose 50.0 500.0 
(NH4)2SO4 20.0 25.0 
KNO3 10.0 25.0 
MgCl2.6H2O 8.0 52.7 
MnCl2.4H2O 1.0 0.28 
Fe2(SO4)3.5H2O 0.04 0.28 
CaCl2.2H2O 0.3 4.30 
KH2PO4 4.0 5.0 
 
Parameter Analysis 
Chemical oxygen demand (COD) was measured 
spectrophotometrically by a spectrophotometer (DR3900 
HACH, USA) using test kits according to the 
manufacturer’s instruction. The ammoniacal nitrogen 
content was determined using Nessler reagent followed 
with the spectrophotometer reading. Samples of 
wastewater were taken during influent, effluent and 
between the HRTs period to study nitrification and 
denitrification process in the reactor.  
 
Data Analysis  
For data credibility, sampling during each sampling period 
were triplicated to minimize the experimental errors. The 
removal efficiency of COD and Nitrogen for the SBR 
system was calculated using Equation (1) as below:  
 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 (%) = 𝐶𝐶0−𝐶𝐶𝑓𝑓

𝐶𝐶0
𝑥𝑥 100  Eq.1 

where C0 and Cf are the substrate concentrations (mg/L) in 
the SBR influent and effluent streams, respectively 

 
RESULTS AND DISCUSSION  
 
COD Removal 
Fig. 2 and Fig. 3 illustrates the results of COD removal for 
HRT 24 h, 12 h, and 8 h based on the concentration of 
biomass (mg/L). As presented in Fig2, the percentage 
removals of COD for HRT 24 h, 12 h and 8 h were 90.3%, 
95% and 96.4% respectively. Average of percentage of 
COD removal was around 94.1%. Percentage of COD 
removal for HRT 24 h was the lowest among the three 
HRTs being tested because bacteria inside reactor still 
need more time to adapt to the surrounding inside reactor. 
Once the bacteria already adapted to the surrounding 
inside the reactor, percentage of COD removal would be 
higher, like the cases for HRT 12 h and 8 h. Fig. 3 showed 
the relationship between percentage of COD removal and 
concentration of biomass where the of percentage of COD 
removal increases with increasing concentration of 
biomass. According to [9-13], the presence of 
microorganism in high concentration reduces the 
treatment duration and increase the percentage removal of 
COD. 
 

Concentration of COD is one important measurement in 
wastewater analysis because degradation of organic 
compound content in the wastewater required oxygen. 
Therefore, total organic compound content in the 
wastewater can be determined by determined the oxygen 
required for degradation [12,14]. There are several factors 
that will affect the COD removal such as types of 
microorganisms, aeration condition, temperature, pH and 
HRT. Longer HRT period, better performance on COD 
removal [16-17]. 
 

. 

 
 

Fig. 2 COD and its removal percentage. 
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Fig. 3. Relationship between the percentage of cod removal and biomass. 
 
Nutrient Removal 
The biological nutrient removal process mainly involves 
two steps, nitrification, and denitrification. According to 
[8-9] nitrification requires strictly aerobic environment 
which is achieved through aeration in an SBR tank. The 
second step, denitrification, involves the heterotrophic 
bacteria which are anaerobic and utilize complex organic 
compounds for their carbon requirements and nitrate 
serves as the electron acceptor under anoxic or anaerobic 
conditions, which in turn forms nitrogen gas that leaves 
the aqueous phase [6]. In a simple word, nitrification is a 
biological process that converts ammonia to nitrite and 
nitrite to nitrate before denitrification process convert 
nitrate to nitrogen gas [5]. 
 

Fig. 4 and Fig. 5 showed the percentage removal for 
ammonium and nitrate respectively. As presented in Fig. 
4, trend for ammonium removal is not stable due to value 
fluctuation which means that the toxicity of synthetic 
wastewater had a negative impact on microbial 
degradation potential which in turn effects the efficiency 
of ammonium removal. Study by [19] also shows similar 
trend of unstable ammonium removal efficiency due to the 
toxicity of paper mill effluent. Hence, the suggestion is to 
prolong the exposure period of HRT up to a few days 
instead of only 24 h to improve the performance of 
ammonium removal using SBR system. The percentage 
removals of ammonium for HRT 24 h, 12 h and 8 h were 
80.7%, 93.7% and 84.2% respectively. Average 
percentage removal for ammonium was around 86.8% and 
Percentage removal of ammonium achieved lowest value 
on the first day of treatment. This is due to insufficient 
aeration inside reactor. On the first day of treatment, the 
aeration inside reactor is in the range between 0.1 – 0.2 
mg/L only. So, the condition inside reactor is not suitable 
for nitrification process and as a result, percentage 
removal of ammonium only achieved by 15%. 

 
The removal efficiency of nitrate was presented in Fig.5. 

From Fig. 5, percentage removals of nitrate for HRT 24 h, 
12 h and 8 h were 60.7%, 77% and 89.2% respectively. 
Average percentage removal of nitrate was around 76%. 
Besides, from Fig. 5, on third day, concentration of nitrate 
was higher in effluent compared to influent. This is due to 
denitrification process could not occur because 
concentration of DO too high. According to [13], the main 
factor which influences the process of denitrification is the 
organic content in the reactor. The organic matter 
available within the medium/reactor is only source of 
nutrition for the bacteria. Therefore, the bacteria require a 
source of readily available organic matter such as glucose 
in the reactor to enhance the denitrification process and at 
the same time the removal of nitrite will be increasing. In 
addition, according to Fig. 5, there was a sharp increase of 
nitrate concentration in influent, which was on day-81. 
This sharp increase is due to accumulation of nitrate inside 
the reactor.  

 
The composition of nitrite in the reactor is presented in 

Fig. 6. Nitrite is the intermediate product between 
nitrification and denitrification processes. Ammonium 
will be oxidized to nitrite during nitrification process and 
the resultant nitrite will be oxidized further becomes 
nitrate [18-19] Meanwhile, Fig. 7 shows the percentage 
removal of phosphate for HRT 24 h, 12 h and 8 h were 
98.5%, 95.6% and 96.7%. respectively. Average 
percentage removal was around 96.5%. All the three 
HRTs gave almost similar performance in terms of 
phosphate removal. In addition, as shown in Fig. 7, 
phosphate concentration in influent decreasing from time 
to time due to disturbance of other ion when conducting 
analysis [1,6]. 
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Fig. 4. Percentage removal of ammonium (NH4
+).
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Fig. 5. Percentage Removal of Nitrate. 
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Fig. 6. Nitrite (NO2
-) Concentration. 

 
 
  

 
 

Fig. 7. Percentage Removal of Phosphate (PO₄³⁻) 
 
Relationship Between Online Parameter and Analysis 
In-situ 
Treatment of wastewater by means of biological process 
has been widely implemented from urban to industrial 
wastewaters [7]. However, biological treatment systems 
are effective and efficient for treating biodegradable 
wastewaters, if good process control is ensured [13]. 
Oxidation reduction potential (ORP), dissolved oxygen 
(DO) and pH were used as controlling factor because all 
these parameters have close relationship with reaction 
condition [20]. Figs. 8, 9 and 10 illustrated the relationship 
between online parameter and nutrient removal for HRT 
24 h, 12 h, and 8 h respectively. From these Figures, 
similar trend could be observed.  

ORP value has close relationship between activity 
microorganism and nitrification and denitrification 
processes [7-21]. Anaerobic/anoxic and aerobic can be 
well distinguished by the means of ORP profile. The 
parameter ORP also reflects the concentration of DO. 
When ORP increases, DO increases too [20-21]. During 
nitrification process, ORP value will increase and moves 
toward positive value. However, when denitrification 
process occurred, OPR value will decrease and moves 
toward negative value [20-21]. From Fig. 8, 9 and 10, we 
can observe that denitrification process occurred first 
followed by nitrification process. During denitrification 
process, ORP value decreases until one point known as 
Nitrate Valley [20-22].
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Fig. 8. Relationship between online parameter and analysis in-situ for HRT 24 h. 
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Fig. 9.  Relationship between online parameter and analysis in-situ for HRT 12  
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Fig. 10. Relationship between online parameter and analysis in-situ for HRT 8. 
 

This point marks that nitrate concentration became 
minimum and denitrification process already completed as 
shown in Fig. 8 to 10. For nitrification process, ORP value 
increase and nitrate and nitrite concentration also increase 
as shown in Fig. 8 to 10. Values for nitrate valley for HRT 
24 h, 12 h and 8 h were -237.2 mV, -254 mV and -390 mV 
respectively. 
 

For pH profile, pH value will increase during 
denitrification process and decrease during nitrification 
process. In other words, pH value increases with decreases 

ORP and vice versa. According to [21], there are two 
important points in pH profile, which are ammonia valley 
and nitrate apex. Ammonia valley is the point that marks 
the end of nitrification process and located at the minimum 
curve in pH profile as shown in Fig. 8 to 10. Nitrate apex 
is the point that marks the end of denitrification process 
and located at the maximum curve in the pH profile as 
illustrated in Fig. 8 to 10. Table 3 shows the summary for 
nitrate apex, ammonia valley and nitrate valley for three 
HRTs. 
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Table 3. Summary of Nitrate Valley, Nitrate Apex and Ammonia Valley. 
 

 HRT 24 h HRT 12 h HRT 8 h 
 Time Value Time  Value Time Value 

Nitrate Valley 2nd h -237.2 mV 2nd h -254 mV 2nd h -390 mV 
Nitrate Apex 2nd h 7.74 2nd h 8.06 2nd h 7.97 

Ammonia Valley 4th h 7.63 3rd h 7.93 4th h 7.91 

CONCLUSIONS 
 
From the result obtained, we can conclude that sequencing 
batch reactor (SBR) is suitable approach to treat 
wastewater biologically. Percentage removals of COD for 
HRT 24 h, 12 h and 8 h were 90.3%, 95% and 96.4% 
respectively. Percentage removals of ammonium for HRT 
24 h, 12 h and 8 h were 80.7%, 93.7% and 84.2% 
respectively. For nitrate, percentage removals for HRT 24 
h, 12 h and 8 h were 60.7%, 77% and 89.2% respectively. 
Percentage removals for phosphate for HRT 24 h, 12 h and 
8 h were 98.5%, 95.6% and 96.7% respectively. Among 
the three HRTs being tested, HRT 24 h achieved lowest 
percentage removal in terms of nutrient removals. HRT 12 
h and 8 h achieved almost similar performance in nutrient 
removal. In addition, the online monitoring of pH, DO and 
ORP using an SBR system was studied. Using the pH 
profile, the end of the nitrification process was 
significantly indicated under aerobic conditions and the 
ammonia valley was found in the pH profile. The nitrate 
valley was found in the ORP profile, and the 
denitrification process was completed under anoxic 
conditions. Therefore, these points indicate that the 
reactions in the SBR were completely understood, and the 
removal of different nutrients can be easily estimated. 
Thus, instead of analyzing the parameters of COD, 
ammonia-N and nitrate-N offsite, which is costly and 
time-consuming, a control system using online monitoring 
of the pH, DO and ORP could accurately detect the 
removal time for these parameters and could estimate the 
end of the treatment cycle. These findings shows that the 
online monitoring can be applied successfully in the SBR 
system, and this application will result in a reduction of 
the operation cos while reduce the environmental 
pollution. 
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