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Abstract. The paper presented an economic and efficient method of "anaerobic SBR - UASB - 
SBR " for disposal mature landfill leachate with high COD, ammonia nitrogen concentration but 
low B/C ratio . Started up the unified process under 500% reflux ratio whose inflow of water 
maintained 3L/d . Improved the reflux ratio gradually and determined COD、NO3-N、NO2-N、

TN、NH4-N of the effluent. Under the optimal reflux ratio of 2200%, the removal rates of COD, 
NH4-N and TN by the system reached 96.30%, 92.12% and 90.57% respectively,the mass 
concentration of COD,NH4-N and TN in effluent water were 49.52, 2.14, 38.71mg/L respectively. 
Under the optimal technical parameters,the effluent quality met the specification for emission 
standard in water quality meets emission standard in Stander for pollution control on the landfill site 
of municipal solid waste(GB16889-2008).  

Introduction 
Due to precipitation, surface water and waste comes, degradation of water pooling will produce 

large amounts of landfill leachate, and with the growth of useful life of landfill, leachate water 
quality is becoming more and more complex, and its biodegradability decline[1]. Adopting 
biological process in the leachate organic pollutants and ammonia nitrogen is the most economic 
way. In recent years, shortcut nitrification and denitrification, shortcut nitrification bacteria and 
anaerobic ammonia oxidation combination process, salon, artificial wetland treatment technology 
was applied to practical engineering[2-6]. Parts adopt biological treatment technology of landfill 
leachate study show that ammonia nitrogen and total nitrogen of effluent from the system can not 
meet the requirement of the discharge, or need additional carbon source for denitrification, it 
increases the cost of processing[7-9]. About 2.3 million tons of waste produce every day in Shenyang, 
and Lao Huchong landfill is responsible for handling 49% of the urban living garbage[10-11]. The 
paper presented an economic and efficient method of"anaerobic SBR - UASB - SBR " for disposal 
mature landfill leachate without need additional carbon source, and water quality meets emission 
standard. 

Experimental 
The experimental setup consists of inlet cistern, preposition anaerobic SBR, middle cistern 1, 

modified medium temperature UASB, middle cistern 2, aerobiotic SBR and effluent cistern(Fig.1). 
Three reactors of the test are all made by organic glass cylinder, the height of the anaerobic SBR 
reactor is 1000 mm, the inner diameter is 150mm, the effective volume is 17L, and the sludge 
concentration is between 3500 ~ 4500mg/L, it is mixing with the electric mixer. The modified 
medium temperature UASB is 3.5m high, the effective height of reaction zone is 2m, the 
external diameter is 200mm, the inner diameter is 100mm,it is using centrifugal pump for hot water 
circulation to make sure the temperature of modified medium temperature UASB between (35±
2)℃. The effective volume is 15.7L, and the sludge concentration is between 20000 ~ 26000mg/L. 
The height of the aerobiotic SBR reactor is 2m, the diameter is 200mm, and the effective volume is 
50L. 
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Fig.1 Experimental setup 

The landfill leachate derive from Shenyang Lao Huchong landfill. The major pollution indicators 
of landfill leachate are shown in table 1. 

Table 1 Characteristics of the landfill leachate 

Results and analysis 
Treatment effect analysis of unified operations process 

Pollutants removal effect of each unified operations is shown in figure 2. 
 

   
(a) COD                                   (b) Nitrogen 

Fig.2 The pollutants removal in each reactor during the unified operations stage 
The figure 2 (a) shows that, in unified operations stage, COD removal rate of anaerobic SBR 

reactor maintain at about 70%, COD removal rate of UASB reactor maintain at about 73%, COD 
removal rate of aerobiotic SBR reactor only maintain at about 55%. And total removal rate of 
system maintain at about 95%. Except anaerobic SBR, the COD removal rate of both UASB and 
aerobiotic SBR all have significantly reduced while they were in isolated operation. Analysis of the 
causes may that leachate through UASB and SBR biochemical decline gradually, lead to 
the treatment effect can reduce than they were in isolated operation. It basically stable because the 
COD in effluent main difficult degradation of organic compounds. And ammonia concentration has 
not decreased, there is a certain increase after the first two combination process. This suggests that 
the combination process of ammoniation is significant. This research results is similar with Cao’s 
study[12]. 

Ammonia nitrogen removal rate is not specifically anoxic denitrification period of water 
ammonia nitrogen concentration, especially the landfill leachate concentrate in figure 2 (b). 

ρ（COD）/(mg·L-1) ρ（BOD5）/(mg·L-1) ρ（NH3-N）/(mg·L-1) pH 

15000-22000 5000-11000 1600-1900 7.6-8.5 
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Combination process of ammonia nitrogen removal rate can be stable at more than 98%, the 
effluent total nitrogen was still not achieve discharge standard. This is mainly because the final step 
of system is aerobic nitrification process, and there is no denitrification process after the 
nitrification, so the high nitrate nitrogen and nitrate in water is the main causes of high total 
nitrogen. It took each reactor effluent per hour and measured a cycle of each reactor the change of 
COD and ammonia nitrogen(Fig.3) in order to reflect nitrogen in a reaction system transition period 
better. 

 
Fig.3 Variation of COD and nitrogen concentration in one reaction period 

The degradation of COD mainly in the combined process of anaerobic SBR and UASB reactor in 
one period. It's in the aerobic degradation of ammonia nitrogen nitrification in SBR reactors and 
partial hydrolysis acidification of small molecule organic matter. Because of the water ammonia 
nitrogen is high in aerobic SBR, it can not occur denitrification reaction,which is the main causes of 
high total nitrogen. Effluent has a high nitrite nitrogen concentration because of relatively high free 
ammonia of nitrifying bacteria produce a certain degreeof inhibition, nitratlon reaction stay on the 
nitrosation reaction stage. In order to make the water of the system meets emission standard, we 
need to reduce the system water ammonia nitrogen concentration. Reflux ratio by increasing system, 
determination of optimal reflux ratio to ake the system treated water reached the landfill pollution 
control standard (GB16889-2008) emissions requirements. 

The influence of reflux ratio on system treatment effect   
Under different reflux ratio, the reactor for removal efficiency of pollutants in the system is 

shown in figure 4. 

 
(a) COD                           (b) Nitrogen 

 
(c) COD 

Fig.4 The pollutant removal efficiency in different reflux ratio 
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The figure 4 (a) shows that, in the process of regulating reflux ratio from 500% ~ 2600%, COD 
total removal rate of system maintain at about 96.30%, when the reflux ratio of 700%, effluent has 
been stable below 100 mg/L. Even increasing reflux ratio that COD processing efficiency is not 
improved. The reason may be that the presence of organic matter in landfill leachate which is 
non-degradable or refractory organics. This part of the COD cannot be removed by reflux ratio 
increased further[13]. 

The figure 4 (b) shows that, in the process of regulating reflux ratio from 500% ~ 2600%, the 
removal rate of ammonia nitrogen gradually stabilized at about 92.12% from 500% ~ 1300%, the 
effluent ammonia nitrogen at about 10mg/L, but this phase of the water does not meet the garbage 
leachate concentration pollutant discharge standards. Since reflux ratio reached 1300%, the factors 
on the system has little effect on ammonia nitrogen removal rate. When the reflux ratio reached 
1500%, the effluent ammonia nitrogen under 10mg/L and effluent can meet the discharge standard 
requirements. When the reflux ratio reached 2200%, the effluent ammonia nitrogen under 5 mg/L 
steadily, the removal rate of ammonia nitrogen promotion effect is not obvious. When the reflux 
ratio reached 2600%, the effluent ammonia nitrogen at 2.9mg/L, Ammonia nitrogen removal 
efficiency increase is smaller than when the reflux ratio reached 1300%. 

The figure 4 (c) shows that, system processing efficiency of total nitrogen affected by the change 
of reflux ratio, system in aerobic period of total nitrogen removal rate is higher. With the gradual 
improvement of the reflux ratio, When the reflux ratio reached 2200%, the removal rate of effluent 
total nitrogen gradually stabilized at about 38mg/L. Therefore combination process in the system 
when the reflux ratio of 2200% water meet the landfill pollution control standard (GB16889-2008) 
emissions requirements. 

Conclusion 
The resistance to impact load capacity of COD is better than the resistance to impact load 

capacity of ammonia nitrogen with entire biological process. When the reflux ratio reached 2200%, 
the mass concentration of COD,NH4-N and TN in effluent water were 49.52, 2.14, 38.71mg/L 
respectively, which meet the landfill pollution control standard (GB16889-2008) limit requirements 
of COD 100mg/L, NH4-N 25mg/L and TN 40mg/L.   
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