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Abstract 

Aerobic granules were cultivated using pure oxygen 

aeration (POAG) in SBR for wastewater treatment under 

high organic loading condition (HOLC) to reveal its 

performance and potential causes. Compared to 

conventional granules and activated sludge, mature POAG 

with more compact and dense structure were formed in a 

shorter term using pure-oxygen aeration in SBR. The 

system shows high and stable COD and NH4
+-N removal 

efficiencies with an average value of 91% and 84%, 

respectively, under HOLC. Adequate dissolved oxygen (DO) 

supplied by pure-oxygen aeration is the prerequisite 

explaining the elevated performance. POAG have more 

stable compact granular structure and elevated biomass 

than that of conventional biogranules and bioflocs under 

HOLC. High EPS content facilitate the formation of POAG 

and maintain its integrity and stability of spatial structure, 

which is in favor of biomass growth. Abundant catalase 

synthesized by its biomass ensure the ability to hydrolyze 

and mineralize organic substance under HOLC. A great deal 

of dehydrogenase secreted by POAG play a critical role in 

maintaining its metabolism under HOLC, which in turn 

enhance multiplication capacity of living organism in POAG 

and elevate removal performance of organic pollutants 

from wastewater. 

Keywords: Pure-oxygen aerobic granules; High organic 
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1. Introduction 

Aerobic granules have been regarded as a desirable 

biological material in wastewater treatment (Adav et al., 

2008, 2009; Caudan et al., 2014; Li et al., 2008). It is 

characteristics of abundant biodiversity (Adav et al., 2009; 

Bernat et al., 2017; Meerburg et al., 2016), a dense and 

strong microbial structure (Adav et al., 2008; Moy et al., 

2002), elevated activity of enzymes (Li and Chróst, 2006; 

Matyja et al., 2016; Tarjányi-Szikora et al., 2013; Yao et al., 

2010, 2012; Zhang et al., 2016) and a great plenty of EPS 

secretion (Badireddy et al., 2010; Caudan et al., 2014; Liu 

et al., 2004; Zhao et al., 2016; Zhu et al., 2012), which 

makes it harbor good performance under HOLC. 

High organic loading wastewater with complex ingredients 

and usually over 2000 mg COD L-1 is a great challenge to 

prevail biological methods in wastewater treatment (Adav 

et al., 2010; Liu and Tay, 2015; Farzadkia et al., 2016; Moy 

et al., 2002; Pal et al., 2014; Ramos et al., 2016; Zhao et al., 

2016; Zheng et al., 2006). Conventional aerobic granules 

are usually cultivated by air aeration (Adav et al., 2009; 

Caudan et al., 2014; Li et al., 2008). The granules subjected 

to HOLC usually disintegrate due to an obstacle of oxygen 

diffusion within granules (Adav et al., 2010; Liu and Tay, 

2015; Zheng et al., 2006). Sufficient DO is essential to 

performance of aerobic granules under HOLC (Amand and 

Carlsson, 2012; Chen et al., 2003; Zheng et al., 2006). Pure 

oxygen aeration replacing air aeration significantly 

increased the oxygen mass transfer rate and stability of 

biological treating system and improved effluent quality 
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(Bernat et al., 2017; Calderon et al., 2012; Rodríguez et al., 

2012). Pure oxygen aeration is recently used in wastewater 

treatment by activated sludge and biofilms systems 

(Rodríguez et al., 2010; 2011). To our knowledge, little 

study on aerobic granules cultivated by pure-oxygen 

aeration and its performance under HOLC was carried out.  

In this work, pure-oxygen aerobic granules (POAG), pure-

oxygen activated sludge (POAS), air aerobic granules (AAG) 

and air aerobic sludge (AAS) were cultivated and used in 

treating high loading wastewater in SBR under different 

aeration conditions. The POAS, AAG and AAS were 

designed as three control experiments. The first objective 

of this study is the determination of performance of POAG 

in COD and NH4
+-N removal under HOLC. The second one is 

the investigation on biological characteristics of POAG 

responding to HOLC by observing micrographic 

morphology and measuring the EPS content, catalase and 

dehydrogenase activity and the biomass. The last one is the 

identification of potential causes of high performance of 

POAG in SBR under HOLC by analyzing correlation of 

biological characteristics and influent organic loading. 

2. Materials and methods 

2.1 Experimental apparatus 

Four identical column-type SBRs (120 cm high, 11 cm 

diameter) with a working volume of 7.6 L were used (Fig. 

1). R1 and R3 were aerated using pure oxygen for the 

cultivation of POAG and POAS and corresponding 

wastewater treatments, respectively. R2 and R4 were 

aerated using air for the cultivation of AAG and AAS and 

corresponding wastewater treatments, respectively. The 

gas bubble diffusers were used in four SBRs and the 

volumetric flow rates were controlled with an identical 

value of 0.5 L min-1. The four SBRs were run under three 

cycles each day (9:00-15:00, 15:00-21:00, and 21:00-9:00). 

Each cycle consisted of 3 min of influent addition, 5-10 min 

of settling in R1 and R2 (aerobic granule cultivation) and 10 

min of settling in R3 and R4 (activated sludge 

acclimatization), 3 min of effluent discharge, and the rest 

time for aeration. The volumetric exchange ratios in the 

reactors all were 50%.

 

Figure 1. Schematic diagram of four SBR operations

2.2 Cultivation and wastewater treatment 

Activated sludge taken from a municipal wastewater 

treatment plant in Ma’an Shan (East China) was used as the 

seed sludge in four SBRs. It had a mixed liquor suspended 

solids (MLSS) concentration of 3.3 g L-1 and a sludge volume 

index (SVI) of 99 mL g-1. Raw wastewater was taken from a 

sewage tank in the campus (Anhui University of 

Technology). The synthetic wastewater for initial sludge 

acclimation consisted of the raw wastewater and glucose 

as carbon and energy source. The experimental work in the 

four SBRs was divided into four stages: cultivation stage 

and high loading wastewater treating stages under HOLC 

(HOLC1 stage, HOLC2 stage and HOLC3 stage). The 

composition of the wastewater at different stages in the 

four SBRs is showed in Table 1. CaCl2 was just fed for 

granule cultivation (Sajjad and Kim, 2015). The feed HOLC 

were altered by proportionally altering concentrations of 

glucose (Table 1). During the four stages, the mean influent 

loading of 1.51 kg COD m-3 d-1 was for cultivation stage, 

2.49 kg COD m-3 d-1 for HOLC1, 3.60 kg COD m-3 d-1 for 

HOLC2 and 4.57 kg COD m-3 d-1 for HOLC3 (Table 1). 

2.3 Analytical methods 

The COD, NH4
+-N, MLSS concentrations and SVI were 

measured according to Standard Methods (APHA, 2005). 
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The morphologies of aerobic granules and activated sludge 

were observed using an optical microscope (phenix ME200) 

and a digital camera (SONY, DSC-W730, Japan). The particle 

size of granules and sludge was measured in accordance 

with the report from Ramos et al. (2016). The amount of 

bacteria in suspension liquid collected on day 59, 67, 74 

and 81 in the four reactors were evaluated by the 

traditional plate colony counting method (Adav et al., 

2009; Meerburg et al., 2016; Yao et al., 2010). The samples 

for analyses of EPS, catalase and dehydrogenase activities 

in sludge and granules were collected at the end of each 

SBR cycle. The EPS were extracted using a heat extraction 

method (Zhao et al., 2016). The polysaccharides (PS) 

content in the EPS was measured using the Anthrone 

method (Adav et al., 2008) with glucose as the standard. 

The protein (PN) content in the EPS was determined 

following the Lowry method using bovine serum albumin 

(Adav et al., 2008; Zhu et al., 2012). The sum of PS and PN 

was taken as the amount of total EPS. Catalase activity was 

defined as the consumption of H2O2 per g activated sludge 

per min using an ultraviolet spectrophotometer (UV3600) 

(mgH2O2 g-1 min-1) (Yao et al., 2010; 2012). Dehydrogenase 

activity was measured by the reduction amount of 2,3,5-

triphenyltetrazolium chloride (TTC) with a 

spectrophotometry (722 S) (mg TF g-1 h-1) and the detailed 

steps were performed as previously described (Matyja et 

al., 2016).

Table 1. Influent characteristics of R1, R2, R3 and R4 

Phases Days Reactors 

Nutrients composition  Influent parameters 

Glucose 

(g) 

NH4Cl 

(g) 

KH2PO4 

(g) 

CaCl2 

(g) 

 COD 

(mg L-1) 

NH4
+-N 

(mg L-1) 

TP 

(mg L-1) 

Ca2+ 

(mg L-1) 

Influent loading 

（kgCOD m-3 d-1) 

Cultivation 

stage 
1- 60 

R1 9 1 0.4 3  1000 50 10 100-250 1.51 

R2 9 1 0.4 3  1000 50 10 100-250 1.51 

R3 9 1 0.4 None  1000 50 10 5-100 1.51 

R4 9 1 0.4 None  1000 50 10 5-100 1.51 

HOLC1 61-67 

R1 14 1 0.4 3  1500 50 10 100 2.49 

R2 14 1 0.4 3  1500 50 10 100 2.49 

R3 14 1 0.4 None  1500 50 10 5 2.49 

R4 14 1 0.4 None  1500 50 10 5 2.49 

HOLC2 

 
68-74 

R1 22 1 0.4 3  2300 50 10 100 3.60 

R2 22 1 0.4 3  2300 50 10 100 3.60 

R3 22 1 0.4 None  2300 50 10 5 3.60 

R4 22 1 0.4 None  2300 50 10 5 3.60 

HOLC3 75-81 

R1 29 1 0.4 3  3000 50 10 100 4.57 

R2 19 1 0.4 3  2000 50 10 100 3.07 

R3 29 1 0.4 None  3000 50 10 5 4.57 

R4 19 1 0.4 None  2000 50 10 5 3.07 

3. Results and discussion 

3.1 Formation and performance of POAG 

Stable granulation for mature POAG was obtained on day 

45 (Fig. 2a), achieving an average granule size of 5±2 mm 

and the SVI of 35.4 mL g-1 (Pan et al., 2014). The granulation 

process of AAG was relatively slower than POAG, taking 52 

days (Fig. 2b), with an average particle size of 3±2 mm and 

the SVI of 53.8 mL g-1 (Pan et al., 2014). The POAS and AAS 

had a floc size less than 0.1 mm with a high SVI of 79.3 mL 

g-1 and 139.7 mL g-1 at the same time (Pan et al., 2014). 

More compact structure of POAG was observed than those 

of POAS, AAG and AAS (Fig. 2). The reactor operations 

failed due to disintegration of granules in R2 and excess 

foaming in R4 at beginning of HOLC2 stage. Thus, the HOLC 

were adjusted to 3.07 kg COD m-3 d-1 for them at HOLC3 

stage (Table 1). 

The removal efficiencies of COD and NH4
+-N by the four 

SBRs during the processes of cultivation and treatment 

under HOLC are showed in Figure 3. The mature POAG in 

R1 showed excellent and stable performances in COD and 
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NH4
+-N removal with increasing influent organic loading 

(Fig. 3a, 3b, 3c). At the beginning of the POAG formation on 

day 45, the stable COD and NH4
+-N removals were achieved 

and the time for POAS, AAG and AAS were around day 60. 

The average removal efficiencies of COD and NH4
+-N by 

POAG were 91% and 84%, respectively, which were 6%-

20% and 4%-18% higher than those by POAS, AAG and AAS 

at the four stages (Fig. 3b, 3c) and also slightly higher than 

those of POAS, AAG and AAS under similar influent loading 

conditions reported in previous studies (Li et al., 2008; Moy 

et al., 2002; Rodríguez et al., 2012). Significant decrease in 

COD and NH4
+-N removal by AAG and AAS were observed 

on day 68 with the influent loading of 3.60 kg COD m-3 d-1 

and that for POAS was day 75 with influent loading of 4.57 

kg COD m-3 d-1 (Fig. 3a, 3b, 3c), showing their instability in 

treating high-strength wastewater. A curve regression 

analysis between the removal efficiency of COD and 

influent loading was performed using SPSS 20.0 software. 

The theoretical removal efficiency of COD by POAG can 

peak at 95% (p<0.01, n=42), demonstrating the consistency 

with above experimental result. The SBRs aerated using 

pure-oxygen (R1, R3) had high DO content with a range of 

6-10 mg DO L-1 which were approximately three times of 

those for R2 and R4 system using air aeration with DO 

content of 2-4 mg DO L-1. The adequate DO supplied by 

pure-oxygen aeration is the prerequisite explaining the 

elevated performance (Rodríguez et al., 2010; 2011; 2012).

    

Figure 2. Photograph of the granules and sludge in four SBRs

 

Figure 3. Performance of the four SBRs treating high 

organic loading wastewater (a) influent loading in terms of 

COD, (b) COD removal efficiency, (c) NH4
+-N removal 

efficiency and (d) MLSS concentration 

3.2 Potential causes of high performance of POAG under 

HOLC  

3.2.1  Morphology and microbiological characteristics 

The successful performance of POAG is related to its stable 

granule structure from the end of cultivation stage (Fig. 

4a1) to the whole HOLC stages (Fig. 4a2-4a4). Through SEM, 

more compact and sequential structure was observed in 

POAG than those in POAS, AAG and AAS (Pan et al., 2014). 

The attached opercularia and rotifer, two microscopic 

monitoring for the good operating condition of aeration 

tank, were observed in POAG at HOLC3 stage (Fig. 4a5,4a6), 

reflecting the preferable efficiency and stability of R1 

system (Bernat et al., 2017). Conversely, AAG, POAS and 

AAS can’t maintain their mature states (Fig. 4b1, 4c1, 4d1) 

and began to disintegrate the structure of granules (Fig. 

4b2-4b4) and activated sludge (Fig. 4c2-4c4, 4d2-4d4) with 

the increasing influent organic loading, especially in the air 

aeration SBR system. Although removal performance by 

POAS at HOLC3 stage reduced, the activated sludge 

microscopic monitoring organisms (Fig. 4c5, 4c6) were as 

same as those in POAG, indicating that it has certain 



POTENTIAL CAUSES OF HIGH PERFORMANCE OF PURE-OXYGEN AEROBIC GRANULES IN SBR 691 

 

endurance to HOLC due to high DO in R3. However, the 

presence of filamentous, actinophrys and nematode found 

in AAG (Fig. 4b5, 4b6) and AAS (Fig. 4d5, 4d6) at HOLC3 stage 

implied that poor effluent quality and instability of the 

operating system using air aeration under HOLC (Adav et 

al., 2010; Bernat et al., 2017; Pal et al., 2014). 

Through SEM, bacteria were identified as the predominant 

microbial component in the POAG (Pan et al., 2014). The 

amount of bacteria in four SBRs during different stages is 

listed in Table 2. The highest number of aerobic bacteria 

observed in POAG accounted for 84%-92% of total bacteria 

followed by an order of POAS, AAG and AAS at 

corresponding stage, indicating strongest aerobic 

decomposition ability of POAG. A remarkable increasing 

trend for aerobic bacteria amount was found in POAG from 

cultivation stage to HOLC3 stage (Table 2). However, it 

decreased for POAS at HOLC3 stage, AAG and AAS at HOLC2 

stage (Table 2). When the COD levels in R2 and R4 were 

altered from 3.60 kg COD m-3 d-1 to 3.07 kg COD m-3 d-1, the 

number of bacteria in AAG and AAS had a recovery increase 

(Table 2). The biomass of POAG, POAS, AAG and AAS in four 

SBRs under HOLC fluctuated from 6.8 to 8.6 g L-1, 4.5 to 5.9 

g L-1, 3.3 to 5.9 g L-1 and 0.9 to 2.4 g L-1, respectively. The 

results show that pure-oxygen aeration makes POAG 

harboring compact and sequential structure to promote 

high DO penetrated into the interior of granules and 

metabolic products expelled from inside (Meerburg et al., 

2016; Zhao et al., 2016). It is favorable to aerobic bacteria 

growth in POAG (Adav et al., 2010; Bernat et al., 2017; 

Calderon et al., 2012; Chen et al., 2003), and endures high 

shock and perturbations from HOLC. The inference can be 

safely testified by the fact that the total biomass from 

cultivation stage to HOLC3 stage shows escalating trend 

identical to that of rising influent organic loading (Fig. 3d) 

and stable COD and NH4
+-N removal performance (Fig. 3b, 

3c). However, the reverse is occurred for POAS, AAG and 

AAS (Fig. 3b, 3c, 3d).

Table 2. The number of bacteria in the four SBRs during different stages (×104) CFU.mL-1 

Time/day 

Sample 

R1 (POAG) R2 (AAG) R3 (POAS) R4 (AAS) 

Aerobic 

Bacteria 

(Ave±S.D.) 

Anaerobic 

Bacteria 

(Ave±S.D.) 

Aerobic 

Bacteria 

(Ave±S.D.) 

Anaerobic 

Bacteria 

(Ave±S.D.) 

Aerobic 

Bacteria 

(Ave±S.D.) 

Anaerobic 

Bacteria 

(Ave±S.D.) 

Aerobic 

Bacteria 

(Ave±S.D.) 

Anaerobic 

Bacteria 

(Ave±S.D.) 

Day 59 1323±101 244±13 619±21 335±35 1056±61 187±24 380±31 300±19 

Day 67 1668±110 264±19 924±128 654±74 1445±122 444±22 621±58 516±23 

Day 74 1973±135 397±23 656±82 304±14 1834±146 185±10 302±18 113±15 

Day 81 2321±196 190±24 904±70 356±25 1684±132 169±14 543±37 172±13 

 

Figure 4. Micromorphology of granules and sludge (10× magnification) and indicator microorganisms (40× magnification) 

in four SBRs observed by optical microscope
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3.2.2  EPS content and its relationship with influent loading 

The accumulation of EPS as capsular material and 

peripheral slime has been correlated with biological 

adhesion and aggregation processes (Liu et al., 2004). The 

mature POAG had highest EPS content ranging from 169 

mg g-1 at the end of cultivation stage to 193 mg g-1 at HOLC3 

stage, followed by 138 mg g-1 to 170 mg g-1 for POAS, 138 

mg g-1 to 127 mg g-1 for AAG, 117 mg g-1 to 105 mg g-1 for 

AAS at corresponding stages. High EPS content play an 

essential role in formation of POAG and maintaining the 

integrity and stability of spatial structure in mature POAG 

(Badireddy et al., 2010; Zhao et al., 2016). The variations of 

EPS for POAS, AAG and AAS are consistent with the trends 

of their biomass (Fig. 3d, 5a), indicating the loss of biomass 

due to less protection from EPS matrix and in turn, little EPS 

excretion from biomass under HOLC and low DO level. 

However, the rising EPS level is attributed to the elevated 

biomass in POAG and vice versa under HOLC (Fig. 5b). 

A positive correlation is observed between influent COD 

concentration and the EPS content in POAG (R2=0.63, 

p<0.01) (Fig. 5c), and the coefficient is slightly lower for 

POAS (R2=0.58, p<0.01) (Fig. 5e). However, the increasing 

influent organic loading resulted in the decreasing the EPS 

excretion of AAG and AAS (Fig. 5d, 5f). Compared to 

conventional granule and activated sludge, POAG show 

great potential and capability in treating high organic 

wastewater due to high biomass retention in a micro-

environment enveloped by EPS matrix, which gives POAG 

the ability to withstand high organic loading (Caudan et al., 

2014; Zhu et al., 2012).

 

Figure 5. EPS content in four SBRs (a) EPS content with time, (b) correlation of EPS content with biomass in POAG, and 

relationship of EPS content with influent COD concentration in POAG (c), AAG (d), POAS (e) and AAS (f)

3.2.3 Catalase activity and its relationship with influent 

loading 

Catalase is one of hydrolase in hydrolytic reaction which is 

believed to be the rate-limiting step in the overall process 

of organic matter degradation (Yao et al., 2010). The 

average activities of catalase for POAG, POAS, AAG and AAS 

at HOLC stages were 0.83 mgH2O2 g-1 min-1, 0.56 mgH2O2 g-1 

min-1, 0.41 mgH2O2 g-1 min-1 and 0.35 mgH2O2 g-1 min-1, 

respectively. POAG had the highest activity of catalase with 

an increasing trend from the end of cultivation stage to 

HOLC3 stage (Fig. 6a). The activities were found a decrease 

for POAS at the beginning of HOLC3 and, AAG and AAS at 

HOLC2 stage (Fig. 6a). The trends are identical to the 

variation of their biomass (Fig. 3d, 6a), showing weak ability 

of enzymatic excretion under HOLC and low DO condition. 

As for POAG, positive correlation between catalase and 

biomass (Fig. 6b) shows their mutual promoted effects, 

which ensures the ability to hydrolyze and mineralize 

organic substance under HOLC (Yao et al., 2010; 2012). 
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The activity of catalase in POAG shows an increasing trend 

with the rising influent COD concentration (R2=0.76, 

p<0.01), whereas the coefficient for POAS is a little weak 

(R2=0.47, p<0.01) (Fig. 6c, 6e). It indicates that the activated 

sludge flocs, especially the POAG in the SBRs aerated using 

pure-oxygen have strong potential to enhance its capability 

of hydrolysis based on the level of HOLC (Yao et al., 2012). 

However, the reverses are occurred for AAG and AAS (Fig. 

6b, 6d), which reflects the weak catalase excretion of 

conventional sludge flocs under HOLC (Li and Chróst, 2006; 

Yao et al., 2012). The aerobic process is critical for effective 

removal of organic pollutants, because enzymatic 

hydrolysis of organic compounds by microorganisms under 

aerobic conditions is more efficient than under anaerobic 

or anoxic conditions (Li and Chróst, 2006). High catalase 

activity and DO in the POAG are the very important factors 

for keeping stable COD removal performance under HOLC.

 

Figure 6. Catalase activity in four SBRs (a) catalase activity with time, (b) relation of catalase activity with biomass and 

correlation of catalase activity with influent COD concentration in POAG (c), AAG (d), POAS (e) and AAS (f)

3.2.4  Dehydrogenase activity and its relationship with 

influent loading 

Dehydrogenase is the predominant enzyme in the 

respiratory electron-transport chain and its activity 

dominates the performance of activated sludge flocs in 

wastewater treatment (Matyja et al., 2016; Yao et al., 

2010). POAG had highest activity of dehydrogenase with an 

average value of 195 mg TF g-1 h-1 at HOLC stages, followed 

by 176 mg TF g-1 h-1 for POAS, 85 mg TF g-1 h-1 for AAG and 

71 mg TF g-1 h-1 for AAS. A rising trend of dehydrogenase 

activity in POAG followed by POAS was observed from the 

end of cultivation stage to HOLC3 stage (Fig. 7a). It was 

mainly due to the ascending biomass in the pure-oxygen 

aerated SBRs and vice versa through the stages (Fig. 7b). 

The increasing trends activity of dehydrogenase in AAG and 

AAS were broke off at HOLC3 (Fig. 7a). It was attributed to 

their weak endurance to high influent loading (3.60 kg COD 

m-3 d-1) under low DO condition at HOLC2 stage and the 

trends refreshed when the influent loading were decreased 

to 3.07 kg COD m-3 d-1.  

Compared to above-mentioned EPS content and catalase 

activity, the dehydrogenase activity in AAG and AAS are not 

inhibited completely with influent loading increase (Fig. 7d, 

7f). It is attributed to the dehydrogenase as an important 

indicator of microbial activity which plays a critical role in 

catalyzing the redox reactions in organisms under HOLC 

(Tarjányi-Szikora et al., 2013). The positive correlations 

between influent COD concentration and activity of 

dehydrogenase were observed in four SBRs following the 

order: POAG>POAS, AAG and AAS (Fig. 7c, 7d, 7e, 7f). It 

indicates that a great deal of dehydrogenase is secreted by 

POAG in pure-oxygen aerated SBR to carry out metabolism 
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on account of an increase in influent organic loading 

(Tarjányi-Szikora et al., 2013; Zhang et al., 2016). There was 

the vigorous metabolism under HOLC, which in turn would 

enhance multiplication capacity of living organism in POAG 

and elevate removal performance of organic pollutants 

(Matyja et al., 2016; Zhang et al., 2016).

 

Figure 7. Dehydrogenase activity in four SBRs (a) dehydrogenase activity with time, (b) relation of dehydrogenase activity 

with biomass, and relationship of dehydrogenase activity with influent COD concentration 

in POAG (c), AAG (d), POAS (e) and AAS (f)

4. Conclusion 

The stable and mature POAG was successfully cultivated 

and was capable of consuming COD and NH4
+-N as high as 

91% and 84%, under HOLC. Compared with POAS, AAG and 

AAS, the POAG improve the efficiency of COD and NH4
+-N 

removal by 6%-20% and 4%-18% at high organic loading. 

The sufficient DO is the crucial condition for POAG 

maintaining the high performance. The POAG have more 

compact structure and richer biomass production with 

increasing influent organic loading as compared to POAS, 

AAG and AAS. Meanwhile, the POAG synthesized high 

contents of EPS, catalase and dehydrogenase under HOLC, 

and the verse was true for POAS, AAG and AAS. The high 

EPS content are in favor of formation of POAG and 

maintaining the integrity and stability of spatial structure 

and, facilitating biomass growth in mature POAG. It can 

synthesize great amounts of catalase to hydrolyze and 

mineralize organic substance under HOLC. A great deal of 

dehydrogenase secreted by POAG are mainly responsible 

for the increasing vigorous metabolism, in turn enhancing 

multiplication capacity of living organism in POAG and 

elevating removal performance of organic pollutants. The 

biomass content and the enzymatic activities in POAG all 

show an increasing tendency with rising influent loading 

under HOLC and, at the same time, the removal efficiency 

of organic pollutants is stable, demonstrating great 

potential of POAG in wastewater treatment under HOLC. 
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