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Abstract. The objective of this study was to investigate the pollutant removal efficiency of different types 

of wastewaters by a sequencing batch reactor (SBR). A laboratory-scale SBR was used to treat sewage, 

medical wastewater and industrial wastewater. The effects of different conditions of aeration, stirring and 

settling on the efficiency of pollutants removal were explored to optimize the performance, especially for 

the removal of organic matter (COD), ammonia nitrogen(NH4
+
-N), total nitrogen(TN) and total 

phosphorus(TP) of different types of polluted water. From the results it was  showed that when aeration 6 

hours, stirring 4 hours and settling 2 hours in SBR, the removal rates of COD, nitrogen and phosphorus of 

domestic sewage were 93%, 98% and 83%, respectively; when aeration 5 hours, stirring 5 hours and 

settling 1 hour in the SBR, the removal rates of COD and nitrogen of pharmaceutical wastewater were 

83% and 90%, respectively; when aeration 4 hours, stirring 4 hours and settling 1 hour in the SBR, 

removal rates of COD, nitrogen and phosphorus of industrial wastewater were 97%, 93% and 97%, 

respectively. 

Keywords: sequencing batch reactor,activated sludge,biological treatment,COD 

Introduction  

Biological treatment for wastewater mainly includes aerobic, anaerobic and anoxic processes. 

As a high efficiency and inexpensive method to  treat wastewaters, SBR technology has been 

widely used through the years (Mace et al., 2002). It has been also successfully emplored to 

treat pollutants of various types of wastewaters (Lamine et al., 2007; Giordano et al., 2005; 

Obaja et al., 2003; Jin et al., 2015). SBR method has some unique characteristics that is 

distinguished from others activated-sludge process. For example, the processes of nitrogen 

removal and sludge sedimentation can be carried out in the same SBR reactor, while those need 

be separated in other biological treatment processes (Ng, 1987). The SBR was not only used 

efficiently for organic pollutants removal of municipal wastewater, but also successfully applied 

in the nitrogen removal of wastewater (Silverstein and Schroeder, 1983). Microbial reactions of 

nitrogen removal are performed within the same SBR tank (Ketchum et al., 1997; Gali et al., 

2008). It can also be applied for pollutants removal of wastewater containing a high 

concentration of nitrogen and organic matters (Rodríguez et al., 2011). Both anaerobic and 

aerobic conditions can be used for there moval of biological phosphorus in cyclic processes in a 

single reactor (Sarioglu, 2005). The property of combination of organic matters, nutrients 

(nitrogen (N) and phosphorus(P)) removal in a SBR tank makes  it economical prominently 

(Carucci et al., 1995). 

The SBR biological processes are capable of achieving complete degradation of the 

biodegradable compounds contained in the olive mill wastewaters and therefore to significantly 

reduce the pollutant load. It showed high performances, achieving removal of the biodegradable 
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organic content at all the investigated influent loadings, with average efficiencies constantly at 

about 60% and 90% for  total polyphenols (TPPs) and COD, respectively (Chiavola et al., 2014). 

A sequencing batch biofilm reactor (SBBR) was also used for removal of N and P from 

swinewastewater, resulting in excellent purification effect. The percentage removal of COD, 

NH4
+
-N, TN, and TP was 98.2%, 95.7%, 95.6%, and 96.2% (Hai et al., 2015). Combining the 

two treatment processes, microbial treatment and adsorption, in a SBR was applied for a 

simulated textile-dyeing wastewater. The results showed that removal efficiency reached to 53–

79%, while color removal was rather low (10–18%)(Santos et al., 2015). 

The research also showed that SBR was very effective for N removal in highly saline 

wastewaters by partial nitrification and denitrification (She et al., 2016). The performance of 

SBR was done in this work in the treatment of sewage, medical wastewater and industrial 

wastewater. Results showed that COD, nitrogen and phosphorus were effectively removed from 

the three types of wastewater under optimal conditions. This suggested that SBR method could 

be also applied in the treatment of medical and industrial wastewater.   

Materials and methods 

Activated-sludge system 

Sludge cultivation 

Activated sludge in this study was collected from the wastewater treatment plant (Fig.1). 

 

 

Figure 1. Sludge samples from the wastewater treatment plant 

 

 
The dry sludge from the wastewater treatment plant was in static culture. Nutrient solution 

was added to the activated sludge (C: N: P ratio of 100:5:1) and cultured with aeration, so that 

the growth of microorganisms in the activated sludge was promoted. The nutrient solution used 

for the cultivation of the sludge was composed of 2.814g glucose, 0.48g potassium dihydrogen 

phosphate, and 0.36g ammonium chloride, dissolving in 1 L of water. Maturity of the activated 

sludge was measured by chemical analysis.The monitoring indicators included settling velocity 

(SV), sludge volume index (SVI), mixed liquor suspended solids (MLSS), and mixed liquor 

volatile suspended solids (MLVSS). The microbial phase was determined by microscopic 

examination. 

 

Sludge acclimation  

After incubation, the sludge was taken into the SBR device (Subsequent description). Low-

concentration wastewater (diluted sewage) was used for sludge cultivation. After 23 hours of 

aeration and 1 hour of sedimentation, the supernatantwas discarded, and the sludge was added 

with the same concentration of fresh sewage to continue aeration culture. The growth of 
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activated sludge was observed under a microscope. The effluent increased gradually until the 

concentration reached that of the raw sewage. At the point that the activated sludge was stable, 

its maturity was determined by microscopy and chemical analysis. 

 

Experimental design 

Experimental model 

The SBR was fabricated from plexiglass with a working volume of 128L, and the 

length×width×height was 80cm×40cm×50cm (Fig. 2). The reactant was mixed with a magnetic 

stirrer and aerated sufficiently with a compressor. Aeration, stirring and settling can be carried 

out in the same reactor.Operation time of reaction and precipitation was manually controlled. 

 

 

Figure 2. SBR reactor 
 

 

Wastewater sampling 

Sewage and medical wastewater were taken from student dormitory and medical clinic of the 

university, respectively. High organic industrial wastewater was self-configured from three 

kinds of solution as follows: Solution A: 93.8 g/L glucose solution (equivalent to COD 100 g/L). 

Solution B: K2HPO4 320 g/L, KH2PO4 160 g/L, NH4Cl 120 g/L. Solution C: MgSO4·7H2O 15.0 

g/L, FeSO4·7H2O 0.5 g/L, ZnSO4·7H2O 0.5g/L, CaCl2 2.0 g/L, MnSO4·3H2O  0.5 g/L.10 mL of 

each solution was taken and mixed, diluted to 1000mL to form the industrial wastewater. 

Supernatants of the water samples from the SBR model at the beginning and the end of each 

cycle were taken and analyzed (Table 1). The suspended solids (SS) were so few that could be 

negligible, so the SS content changes were not considered in the experiment.  

The wastewater samples were analyzed for COD, TP, TN, ammonia, MLSS, MLVSS, SV 

and SVI according to the Standard Methods (NEPA, 2002). All experiments were performed in 

triplicate.  

 

Table 1. Initial concentrations of various wastewaters 

 TP(mg/L) NH3-N(mg/L) COD(mg/L) TN(mg/L) pH 

Sewage 30.4 128 234 130 - 

Medical wastewater - 45.1 151 - 8.18 

Industrial wastewater 14.4 36 1057 43 - 

 

 

Experimental conditions 

According to SBR biochemical mechanism, experimental conditions were designed as the 

following three stages: Aerobic aeration-Anoxic mixing-Settling. 
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During the aerobic stage, large amounts of organic matter were assimilated by 

microorganisms for their life activities. The major consumed pollutant was COD. Phosphorus in 

sewage was also absorbed by phosphorus accumulating organisms (PAO). At anoxic mixing 

stage, residual free oxygen was consumed.  

When organic materials and oxygen were completely consumed, the system entered into the 

anaerobic stage, and the release of carbon and denitrification by facultative denitrifying bacteria 

occurred. Phosphorus could be transformed into energy by PAOs for their biosynthesis or into 

phosphate by acid-producing bacteria to remove phosphorus in the anaerobic state. 

Therefore, COD removal occurred in the aerobic stage, while phosphorus removal occurred 

in anaerobic phase. Different cycle conditions were selected to achieve the best treatment effect. 

The operating conditions of SBR for treating various wastewaters were shown in Table 2. 

 

Table 2. Design of operating conditions for various wastewaters. 

 Sewage Medical wastewater Industrial wastewater 

Cycle 
Aeration 

hs 

Anoxia 

hs 

settling 

hs 

Aeration 

hs 

Anoxia 

hs 

settling 

hs 

Aeration 

hs 

Anoxia 

hs 

settling 

hs 

1 4 4 1 3 2 1 4 4 1 

2 5 5 4 2 3 1 5 5 2 

3 4.5 4.5 2 4 4 1 4.5 4.5 1.5 

4 3 3 1.5 5 5 1 3 3 2 

5 6 3 5 6 6 1 3.5 3.5 1.5 

6 7 5.5 2 - - - - - - 

Results and Discussion 

Characterization of the activated sludge 

This experiment was to determine the characteristics of the activated sludge throughout 

adaptation period, logarithmic growth, steady growth and decline phase. The parameters of the 

activated sludge were shown in Table 3. Early stage means the time after the start-up of sludge 

incubation in the SBR, while middle stage means the time after aeration for 23 hours and then 

settling for 1 hour.The MLSS in the early and middle stages of sludge incubation in SBR ranged 

from 5.82 mg/L to 12.89 mg/L and 7.98 mg/L to 12.98 mg/L, respectively. Corresponding SV 

ranged from 40% to 82% and 31% to 82%, respectively. The SVI ranged from 62 mL/g to 95   

mL/g and 31 mL/g to 75 mL/g, respectively. The MLVSS in the early and middle stages of 

sludge incubation in SBR ranged from 4.77 mg/L to 7.84 mg/L and 7.98 mg/L to 12.98 mg/L, 

respectively. It was noteworthy that the MLVSS was higher in the middle stage than that in the 

early stage. 

 

Table 3. The parameters of the activated sludge. 

In the early stage of sludge incubation In the middle stage of sludge incubation 

SV/% MLSS 

/(mg/L) 

MLVSS 

/(mg/L) 

SVI 

/(mL/g) 

SV/% MLSS 

/(mg/L) 

MLVSS 

/(mg/L) 

SVI 

/(mL/g) 

55 5.82 5.44 95 50 7.98 7.14 75 

40 6.41 5.77 62 31 10.09 10.02 31 

82 12.89 7.844 64 65 10.17 8.44 64 

- - - - 50 11.91 10.97 42 

- - - - 82 12.89 7.84 64 
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In the early stage of sludge incubation, DO concentration was about 2 mg/L. Organic matter 

was consumed rapidly and the amount of activated sludge increased. In the middle stage, the 

sludge concentrations significantly increased, and the demands for nutrients and DO also 

increased. The biological phase in the middle stage of sludge incubation was shown in Fig. 3. 

Activated sludge grew quickly, and the sludge cultivation was in good condition. Sludge 

bulking did not appear. 

 

 

a. Euplot                                 b. Vorticella                               c. Spirillum 

Figure 3. Biological phase in the middle stage of sludge incubation 

 

 

After 30 days of static culture stage, red nemato deappeared in the activated sludge (Fig. 4), 

which indicated that the activated sludge had been aging. The activated sludge bulking occurred 

obviously, and its characteristics greatly reduced. The treatment efficiency of pollutants was not 

high, so the activated sludge at the middle stage was selected to be used in the experiment. 

 

 

Figure 4. Red nematode in the final stage of sludge incubation. 

 

 

Pollutant removal efficiency of various wastewaters 

Pollutant removal efficiency of sewage was shown in Fig. 5. When aeration time was 6 

hours, the COD removal efficiency was the highest, 94%. After 6 hours, the COD treatment 

effect began to decline. Large fluctuations were observed in the nitrogen removal efficiency. 

The nitrogen removal rate was better under conditions1, 2 and 6 than that under others. Its 

treatment effect was high when stirring time was 4 hours and 5.5 hours. A 6 hour aeration 

period was estimated that it was sufficient for microorganisms in the endogenous respiration 

period, in order to minimize the amount of excess sludge. For the saving of economyand 

resource, 4 hours was selected as the best condition.  

A pilot-scale sequencing batch reactor was also carried on with two phases, anaerobic and 

aerobic, to removal nitrogen and phosphorus simultaneously. Average removal of COD, TN and 

TP of sequencing batch reactor reached 95%, 94%, and 97%, respectively (Yin et al., 2015). 

 

http://dict.cnki.net/dict_result.aspx?searchword=%e8%9e%ba%e6%97%8b%e8%8f%8c&tjType=sentence&style=&t=spirillum
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Figure 5. Pollutant removal efficiency of sewage. 

 

 

The experimental results showed that phosphorus removal rate under the condition of 

settling for 5 hours was better than that under the other conditions. Considering the actual 

application, the best settling time was 2 hours.  

The pollutant removal efficiency of medical wastewater was shown in Fig. 6. Ammonia and 

COD removal efficiencies of medical wastewater were high. The influent concentrations were 

different, but the ammonia removal efficiency did not have much difference among the five 

conditions. When aeration was 4 hours, anoxia was 4 hours and settling was 1 hour, the 

ammonia removal efficiency was 59.1%, which was lower than that under other conditions. 

Meanwhile, when aeration was 5 hours, anoxia was 5 hours and settling was 1 hour, the 

ammonia removal efficiency was 91.5%, which was the highest in all conditions. After aeration 

of 3 hours, the ammonia removal efficiency reached 69.7%. However, with continuous aeration, 

there was little difference in the purification effect. The COD removal efficiency was 85.8% 

under condition 4, which was the highest in all conditions. After aeration of 3 hours, the 

removal rate was 44.3%, which was the lowest in all conditions. The degradation of organic 

matter was not treated at this moment. SBR was also performed to remove organic matters and 

nitrogen compounds from medical wastewater. The experimental results elaborated that the 

removal efficiency of COD, NH4
+
-N and NO3

-
-N were in the range of 88.7-89.3%, 77.2-96%, 

35.7-92.5%,  respectively (Hasan et al., 2016). 

The pollutant removal efficiency of the industrial wastewater was shown in Fig.7. The 

removal efficiency of organic matter, ammonia, total nitrogen was 96.5％, 94％ and 91％, 

respectively after aeration for 4.5 hours, which was the highest in all conditions. The removal 

rate of total phosphorus was 90-95% in these working conditions. Notably, when SBR 

biological treatment process was used for pollutants removal of wastewater, large amounts of 

excess sludge were produced. This part of excess sludge was discharge into sludge treatment 

system by sludge pipe. 
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Figure 6. Pollutant removal efficiency of medical wastewater. 

 

 

 

Figure 7. Pollutant removal efficiency of industrial wastewater. 

Conclusions 

Activated sludge was cultivated and acclimatized before entering into the SBR. Three kinds 

of wastewater were selected to compare the pollutant removal efficiencies under different 

conditions.  

The research data showed that, when aeration 7 hours, stirring 5.5 hours, and settling 2 hours 

in the SBR, purification rates of COD, nitrogen and phosphorus of domestic wastewater were 

93%, 98% and 83%, respectively. When aeration 5 hours, stirring 5 hours, and settling 1 hour in 

the SBR, the purification rates of COD and nitrogen of pharmaceutical wastewater were 86% 

and 91%, respectively. When aeration 4 hours, stirring 4 hours, and settling 1 hour in the SBR, 

the purification rates of COD, nitrogen and phosphorus of simulated industrial wastewater were 

97%, 93% and 97%, respectively. Therefore, the purification efficiencies of organic matters, 

nitrogen compounds and phosphorus by SBR bioreactor were all more than 80%. 
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