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ABSTRACT: The influence of carbon and alternating oxic-anoxic model on sludge bulking and 
chemical oxygen demand (COD), ammonia nitrogen and total nitrogen removal effect are investi-
gated under alternating oxic-anoxic model in sequencing batch reactor (SBR). The experiment per-
formed for 23 days and 30 days instage 1 and 2 separately. The results showed that the average re-
moval rate of ammonia nitrogen，total nitrogen and COD were 97.8%，68.1% and 55.1% in stage 
1. The average removal rate of total nitrogen improved to 90.4% in stage 2 mainly due to that the 
addition of carbon source and more electron accepter, more nitrate and nitrite were reduced to nitro-
gen, The removal of COD reached 82.5% due to the addition of sodium acetate and the increase-
ment of organic loading, at last the effluent met the national level A standard. The MLSS main-
tained steadily around 3000mg/L in stage 1 and 2, the SVI improved slowly and reached 180 ml/g at 
the end during stage 2, the inflow water got high concentration of small molecular compounds by 
addition of sodium acetate which was favor of increasement of filamentous bacterium, the SVI was 
affected by the amount of filamentous bacterium. 

INTRODUCTION 
Biological denitrification usually includes two parts: heterotrophic denitrification and autotrophic 
denitrification, differs in that depending on the electron donor source[1]. The heterotrophic deni-
trifiers needs carbon source, which utilize organic matters such as ethanol and methanol as electron 
donors [2]. But the domestic sewage always keeps low carbon source, which is adverse to the nitro-
gen removal[3]. Alternating oxic-anoxic model is favor of simultaneous nitrification–denitrification 
and short-cut nitrification–denitrification, which could save the energy and carbon source [4-6]. At 
the same time, high organic loading easily cause sludge bulking[7], so the addition amount of car-
bon should be tested. This study proceed in alternating oxic-anoxic model in sequencing batch reac-
tor(SBR) and investigated the influence of carbon and alternating oxic-anoxic model on sludge 
b u l k i n g  a n d  n i t r o g e n  r e m o v a l  e f f e c t . 

MATERIALS AND METHODS 

Experimental device 
The experimental device is a sequencing batch reactor (SBR). The total and effective volume is 10L 
and 8L, the influent sewage and effluent is both 4L in every cycle，and the sludge retention time is 
20d. The DO concentration is controlled by a gas flow-meter and above 2 mg/ L in the oxic phase. 
The mixed liquor suspended solids (MLSS) in the reactor maintains around 3000 mg/L. The average 
temperature is 25 °C. The sludge came from a Beijing real sewage treatment plant.  
Operational condition 
The operational mode in every cycle of stage 1 and 2 is as follows： 
inflow  oxic(1h)  anoxic(1h) oxic(1h)  anoxic(1h)  oxic(1h)  anox-
ic(1h) sediment(0.5h) effluent.  
The average influent COD concentration is stage 1 and 2 were 88.8 and 249.7mg/L，respectively. 
The addition of sodium acetate was used to increase the COD concentration in stage 2. 
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Water source and water quality 
The experiment used domestic sewage from a septic tank in a Beijing real residential area. The in-
flow water quality is shown in Table 1. 

 
Table 1 - Wastewater characteristics 

 
Item pH ρ(COD) 

(mg·L-1) 
ρ(NH4

+-N) 
(mg·L-1) 

ρ(NO3
--N) 

(mg·L-1) 
ρ(NO2

--N) 
(mg·L-1) 

Scope 7.0-7.8 77.6-286.7 61.9-83.2 0-0.9 0-1.2 
Analysis methods 
COD was measured by quick-analysis apparatus (5B-3(A): Beijing Lian-hua Technology Co., Ltd., 
China). NH4+-N, NO2

--N, NO3
--N, settling velocity (SV), and the sludge volume index (SVI) were 

measured according to standard methods for the examination of water and wastewater (APHA, 
1998). DO, pH and temperature are determined with a WTW dissolved oxygen meter (Multi 3420-
type). Gram's staining smears of bacterium were observed by an OLYMPUS BX61 fluorescence 
microscope. 
 
 

 
 

Fig. 1 ammonia nitrogen, total nitrogen and COD removal rate 
 

RESULTS AND DISCUSSION 
The experiment performed for 23 days and 30 days in stage 1 and 2 separately. The ammonia nitro-
gen, total nitrogen and COD removal rates were shown in Fig. 1. In the stage 1, the average concen-
tration of influent and effluent ammonia nitrogen, total nitrogen and COD were 75.7mg/L and 
1.51mg/L,76.1mg/L and 24.3mg/L, 88.9mg/L and 39.9mg/L respectively. The total oxic and anoxic 
time were both 3h, because of enough DO and hydraulic retention time (HRT) of oxic phase[8], al-
most all ammonia nitrogen was oxidized to nitrite and nitrate, The average removal rate of ammonia 
nitrogen was 97.8% and the effluent ammonia nitrogen was near  to 0. But the effluent total nitro-
gen was higher than 15 mg/L, the average removal rate of total nitrogen was 68.1%, the low average 
removal rate due to low carbon source in the influent and short HRT of anoxic phase. The removal 
of COD was instability in this stage, the effluent COD was 39.9mg/L, lower than 50 mg/L, and the 
average removal rate was 55.1%. 
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In the stage 2, The average concentration of influent and effluent ammonia nitrogen, total nitrogen 
and COD were 70.9mg/L and 2.0mg/L ，71.9mg/L and 6.7mg/L , 249.7mg/L and 39.7mg/L re-
spectively. The removal rate of ammonium nitrogen kept the same level in stage 1, and the average 
removal rate of ammonia nitrogen was 97.1%. Because of the addition of carbon source and more 
electron accepter, more nitrate and nitrite were reduced to nitrogen, at the same time the alternating 
oxic-anoxic model was in favor of shortcut nitrification-denitrification[10], the total nitrogen re-
moval rate improved and average removal rate increased to 90.4%  in this stage, the average efflu-
ent total nitrogen was lower than 7mg/L. The removal of COD was also stability, and the average 
removal rate reached 82.5% .Due to the addition  of sodium acetate，the organic loading increased, 
then the COD removal rate improved[9], and the effluent COD concentration was lower than 50 
mg/L, the effluent met the national level A standard. 

 
 

Fig. 2 The variations of SVI and MLSS 

 
Fig.3 Images of Gram staining (1000 times) in stage1 (up) and stage2 (down) 

    
The variations of SVI and MLSS can be seen in Fig. 2, the MLSS maintained steadily around 
3000mg/L in stage 1 and 2. But the SVI had different trend. In stage 1，the SVI was around 90 ml/g 
and kept steadily, then the SVI improved slowly during stage 2, the SVI reached 180 ml/g at the end, 
the system occurred sludge bulking. Gram's staining smears of bacterium were observed by an 
OLYMPUS BX61 fluorescence microscope, the images of Gram staining (1000 times) in stage1 
(left) and stage2 (right) can be seen in  Fig. 3, the amount of filamentous bacterium in stage 2 was 
larger than stage 1, the SVI was affected by the amount of filamentous bacterium, the inflow water 
got high concentration of small molecular compounds by addition of sodium acetate which was fa-
vor of increasement of filamentous bacterium. 
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CONCLUSION 
The experiment performed for 23 days and 30 days in stage 1 and 2 separately. In the stage 1, the 
average concentration of influent and effluent ammonia nitrogen, total nitrogen and COD were 
75.7mg/L and 1.51mg/L, 76.1mg/L and 24.3mg/L, 88.9mg/L and 39.9mg/L respectively. The total 
oxic and anoxic time were both 3h, because of enough DO and hydraulic retention time (HRT) of 
oxic phase, almost all ammonia nitrogen was oxidized to nitrite and nitrate, The average removal 
rate of ammonia nitrogen, total nitrogen and COD were 97.8% , 68.1% and 55.1%. In the stage 2, 
because of the addition of carbon source and more electron accepter, the total nitrogen and COD 
removal rate improved to 90.4% and 82.5% respectively, the effluent met the national level A stan-
dard. At the same time, the SVI reached 180 ml/g due to increasement of filamentous bacterium. 
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