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ABSTRACT 

A cost-effective and efficient method for municipal wastewater treatment using an Upflow 

Anaerobic Sludge Blanket (UASB) reactor followed by flash aeration (FA) as the post-

treatment, without implementing aerobic biological processes is examined in this paper. The 

UASB reactor was operated without recycle, at Hydraulic Retention Time (HRT) of 8 h and 

achieved consistent removal of BOD, COD and TSS of 60–70% for more than 12 months. 

The effect of Flash Aeration (FA) on UASB effluent post-treatment was studied at different 

HRT (15, 30 and 60 min) and dissolved oxygen (DO) concentrations (low DO = 1–2 mg/L 

and high DO = 5–6 mg/L). The optimum conditions for BOD, COD and sulfide removal were 

30–60 min HRT and high DO concentration inside the FA tank. The final effluent after 

clarification was characterized by BOD and COD values of 28–35 and 50–58 mg/L, 

respectively. Sulfides were removed by more than 80%, but the fecal coliform only by ~2 log. 

The UASB followed by FA is a simple and efficient process for municipal wastewater 

treatment, except for fecal coliform, enabling water and nutrients recycling to agriculture. 
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INTRODUCTION 

The upflow anaerobic sludge bed (UASB) technology is nowadays widely used for municipal 

wastewater treatment. Representative large-scale plants occur in Columbia, Brazil and India. 

During the last two decades over 23 UASB reactors have been installed in India for sewage 

treatment [1]. The total treatment capacity of these plants is in the order of 98,000 m3/day 

with a respective major potential for water and nutrients recovery and reuse in agriculture, in 

addition to environmental protection and public health considerations. The UASB technology 

is considered a sustainable sewage treatment process. The latter (a) entails minimum energy 

input (in the order of 2–6 kWh/1,000 m3 used for initial sewage pumping), (b) can efficiently 

decrease wastewater COD, BOD and TSS in the order of 60–70%, (c) can decrease heavy 

metal concentrations by precipitation inside the reactor as metal sulfides, and (d) micro 

pollutants [2–4]. The nutrients present in sewage are not affected during anaerobic digestion, 

thus nitrogen- and phosphorus-rich effluents can be recovered for potential reuse in 
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agriculture. Accordingly, significant savings in chemical fertilizers can be achieved. Among 

the most important drawbacks of anaerobic biotechnology for sewage treatment, is limited 

removal of pathogens and generation of odor in the final effluent. Furthermore, direct disposal 

of UASB effluent to sensitive water bodies is not permissible due to high nitrogen (ammonia) 

and phosphorus concentrations. Conventional post-treatment technologies for UASB effluent 

upgrade include either anaerobic (anaerobic filters) or aerobic biological processes (rotating 

biological contactors, downflow hanging sponge, activated sludge), physicochemical 

processes (DAF, coagulation) and natural treatment systems (constructed wetlands, 

stabilization ponds) [5, 6]. Most of these systems achieve high efficiency for COD, BOD and 

TSS, however, require sophisticated equipment and automation systems together with skilled 

manpower. On the other hand, extremely large areas are often necessary (e.g. for stabilization 

ponds). In this paper a compact and rapid process, i.e. the flash aeration (FA) process, was 

proposed for UASB effluent upgrade. The objectives of this study were to examine whether 

the UASB-FA process can provide a sustainable solution for sewage treatment and disposal 

and the potential for effluent reuse, especially concerning: (a) decrease of organics and TSS, 

(b) odor, and (c) pathogen control. The effect of hydraulic retention time (HRT) and dissolved 

oxygen (DO) concentration on FA performance was studied in detail using original UASB 

effluent. 

 

MATERIALS AND METHODS 

Reactor configuration 

The UASB reactor was constructed from Perspex having a working volume of 45 L 

(length:width:height = 0.20 x 0.20 x 1.12 m). A three-phase separator was installed at the top 

of the reactor. The FA tank was constructed from Plexiglass having a variable working 

volume of 6, 3 and 1.5 L. The FA tank dimensions were (length:width:height) 0.300 x 0.200 x 

0.100, 0.200 x 0.115 x 0.125, and 0.125 x 0.075 x 0.150 m, respectively. The corresponding 

surface area was0.06,  0.02 and 0.01 m
2
.Continuous aeration was provided through six 

symmetrical fine pore diffusers located at the bottom of the FA tank, and an air compressor. 

The air compressor capacity was 135 L/min and the installed power was 250 W.A final 

clarification tank (V = 14 L) was used to remove residual suspended (settleable) solids, 

released from the UASB and the FA tank. The dimensions of the clarification tank were 

(length:width:height) 0.400 x 0.300 x 0.115 m and the corresponding HRT was ~2.5 h. The 

surface loading rate during continuous operation was in the order of ~1.2 m/day. The overall 

process layout isshown in Fig. 1. 

 

UASB reactor operation 

Original sewage was used for the study which was sampled daily from a local pumping 

station of Roorkee town (India). The sewage was fed to the UASB reactor continuously using 

a peristaltic pump (at flowrate ~135 L/day). The UASB reactor was in operation for more than 

12 months at HRT of 8 h. The operational temperature was varied between 13 to 40 _C. The 

UASB was seeded withanaerobic biomass from the sludge bed of a full-scale UASB reactor 

treating sewage. The total and volatile suspended solids inside the UASB of this study were 

equal to 20–26 and 11–14g/L, respectively. 
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Effect of flash aeration 

The effluent from the UASB reactor was continuously passed through the FA tank. The effect 

of FA was studied at different HRT (15, 30 and 60 min) and DO levels (high DO = 5–6 mg/L 

and low DO = 1–2 mg/L). The required DO levels were achieved by controlling the airflow 

rate to0.5–1 and 2.5–3.5 L/min, respectively. At every HRT both high and low DO levels 

were studied. The FA tank was set in operation for more than 4 months under ambient 

temperature conditions (from 13 to 40 _C).The process is based on the UASB reactor and the 

flash-aeration as the post treatment step 

 

 

 
Fig 1: Schematic representation of the pilot plant used for municipal wastewater treatment. 

 

Batch sulfide oxidation studies 

During the study period, the effluent from the UASB reactor was aerated in batch mode in 

order to clarify the mechanisms of sulfides removal (stripping and oxidation). The batch 

aeration experiments were performed in 1.0 L reactor volume at an airflow rate equal to 0.5–

1.0 L/min. Liquid samples were obtained every 5 min and analyzed for sulfides, sulphates 

while the DO concentration was continuously measured. 

 

Sampling and analysis 

Samples from original sewage, UASB effluent, flash-aeration tank and final clarifier effluent 

were obtained daily and characterized for pH, suspended solids, BOD, COD, sulfides, NH4-N 

and fecal coliform (FC). All analyses were performed according to the Standards Methods of 

APHA [7]. FCs were measured using the most probable number (MPN) method. Dilutions 

using sterilized deionized water and incubation were performed at 35 (±0.5) _C for 48 h. 



 
International Journal of Emerging Trends in Engineering and Development              Issue 4, Vol.2 (March 2014)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 410 
 

RESULTS AND DISCUSSIONS 

1. UASB reactor performance 

The UASB reactor operation was efficient during the whole study period despite the 

variations of wastewater characteristics. The sewage COD during the study period was on 

average 450 (±63) mg/L, while the UASB effluent was relatively constant at 167 (±16) mg/L. 

The corresponding removal efficiency of ~65% was typical of UASB reactors operated 

directly on sewage [8]. The decrease of BOD and TSS was also constantly between 60 and 

70%. The final effluent was characterized by BOD and TSS concentration of 74 (±11) and 

125 (±27) mg/L, respectively. Pathogen removal was in the order of 1 log and this was 

attributed to the adsorption of FC onto the (anaerobic) sludge which was subsequently 

retained inside the reactor. Sulfide concentration in the UASB reactor effluent was 10.3 (±1.2) 

mg/L. The pH was maintained throughout the study, within the optimum range for anaerobic 

digestion (6.9–7.9). Removal of nitrogen was not significant, thus the effluent is not suitable 

for disposal to sensitive water bodies. 

 

2.Effect of Flash Aeration(FA) 

A. Sulfide removal and odor control 

In Fig. 2, the sulfide concentration at the influent and the effluent of the FA tank are 

presented, together with the percentage removal. With the action of flash aeration, the sulfides 

were stripped out of the water phase and/or oxidized to sulfates. The DO level inside the 

aeration tank significantly affected sulfide removal. High DO values (5–6 mg/L) resulted in 

more than 80% removal of sulfides, while low DO values (1–2 mg/L) less than 60%. Similar 

results were reported by Chen and Morris [9, 10], i.e. increasing the DO concentration results 

in potential oxidation of sulfides. The sulfides are being readily oxidized probably to colloidal 

sulfur or sulfates [11].Batch tests conducted with original UASB effluent showed that the 

minimum HRT to ensure sulfide oxidation was ~30 min. Accordingly, the total sulfide 

concentration decreased to less than 2 mg/L, during continuous operation at 60 min HRT and 

5–6 mg/L DO. 

 

 
Fig 2: Sulfide concentration at the influent and the effluent of the FA tank and the respective 

percentage removal 

 

B. Fecal coliform removal 

Pathogenic microorganisms are one of the most important parameters concerning domestic 

sewage disposal and/or reuse. The FC content during process operation was intensively 

studied in this paper. In Fig. 3, FC removal during the FA process is given. From the results 

presented it seems that increasing the HRT and the DO concentration was favorable for FC 



 
International Journal of Emerging Trends in Engineering and Development              Issue 4, Vol.2 (March 2014)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 411 
 

decrease. The overall process (UASB/FA/CT) at HRT 60 min and DO 5–6 mg/L resulted in 2 

log removal giving a final effluent of 3.5 9 104 cfu/ 100 mL. This is still higher compared to 

the WHO standards for unrestricted irrigation (1,000 cfu/100 mL) [12]. The mechanisms of 

FC removal observed during FA were a combination of physical (adsorption to suspended 

solids and sedimentation in the final clarifier), chemical (effect of ORP and pH) and 

biological mechanisms (natural die-off, nutrient depletion). Significant correlation (R2 = 

0.8447) was observed between ORP and FC removal. An increase of ORP to 300–400 mV 

resulted in maximum removal of FC (~1 log) during the FA process. In general, FC die-off is 

accelerated under aerobic conditions as reported by Marais [13], which is often the cause of 

oxygen-mediated exogenous photosensitization [14]. Polprasert et al. [15] also suggested that 

ORP is inversely related to the survival of FC. 

 

C. Removal of organics 

Figure 4a, b shows the variation of total COD (TCOD) and total BOD (TBOD). The COD 

concentration at the influent and the effluent of FA tank and the final clarifier are presented. 

The COD concentration at the FA tank effluent was  significantly decreased from ~167 to 80–

150 mg/L,depending on the HRT and the DO concentration. Increasing the HRT (30 and 60 

min) and DO (5–6 mg/L) was beneficial to maintain low COD concentration (<100 mg/L). 

Decreasing the HRT to 15 min had no significant effect on COD especially under the low DO 

concentration regime.A significant decrease of BOD was also observed after UASB effluent 

aeration for 30–60 min and high DO concentration, which was not the case for low HRT (15 

min). Under the former conditions, the final concentration of BOD was ~30 mg/L. The limit 

of 30 mg/L BOD, based on the Indian Regulations [16], was not achieved during process 

operation at low DO (1–2 mg/L), even at high HRT (60 min).The mechanism for organic 

matter removal during FA was attributed to stripping of purgeable/volatile organic matter. 

Organic compounds that have been reported to occur at UASB reactor effluents include 

volatile fatty acids, alcohols, and other fermentation products. The decrease in COD 

concentration is also attributed to sulfide removal.Under optimum conditions (HRT = 60 min 

and DO = 5–6 mg/L), the final effluent (after clarification) was characterized by COD and 

BOD values equal to 57 (±20) and 22 (±8) mg/L. 

The TSS concentration was not significantly affected by the FA process (on average 20–28% 

decrease) (Fig. 5). However, a final clarifier operated at low surface loading rate (~1.3 m/day) 

achieved a TSS concentration of ~50 mg/L compared to 100 mg/L of the UASB reactor 

effluent.This corresponds to 35–58% removal. Nitrogen concentration was not affected by the 

FA process , therefore the final effluent is not suitable for disposal to sensitive water bodies. 

 

 

 
Fig 3: Removal of fecal coliform from the flashaeration–clarification process as a function of 

HRT and DOconcentration inside the FA tank 
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D. Flash aeration design considerations 

From the results presented  it is evident that therequired HRT for the FA tank is in the order of 

60 min. Occasionally, the system is efficient to operate at HRT down to 30 min. The tank is 

equipped with submerged air diffusers on the bottom. The level of DO concentration 

significantly affected process performance with high DO levels being favorable. According to 

the pilot plant design and operation, the gas surface loading rates (LRG) during high DO 

concentration was equal to: LRG = QG/A = (3.5L/min) x (60 min/h)/(0.06 m2) = 3.5 m
3
 

air/(m
2
 h), where QG = gas flow rate and A = tank surface area. For safety reasons we 

presume the design value equal to 4 m3/(m2h). For a 2000 IE facility, receiving a daily 

wastewater flow rate of 500 m3/day (or 25 m3/h) a ~30 m
3
 tank is required. Two parallel 

tanks are selected having a surface area of 15 m
2 

(5 x 3 m) and 1 m water depth.The required 

air flow rate according to the design LRG is equal to: QG = LRG x A = 4 m3/(m2 h) x 15 m
2
 = 

60 m
3
/h. An air compressor of 60 m3/h having a power of 6 kW suffices for each tank, 

operating during 24 h/day results in 2 x (6 kW) x (24 h/day) = 288 kWh or ~0.5 kWh/m3. A 

similar energy input is required for a conventional activated sludge process (designed for 

COD removal only). In the latter case, however, sludge recirculation andresidual management 

schemes are required. 

 

 
Fig 4(a): Average values of COD concentration at the influent and the effluent of the flash 

aeration tank and the final clarifier, as a function of the hydraulic retention time and the 

dissolved oxygen concentration inside the FA tank. The error bars represent standard 

deviation. 

Fig 4(b): Average values of BOD concentrations at the influent and the effluent of the flash 

aeration tank and the final clarifier, as a function of the hydraulic retention time and the 
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dissolved oxygen concentration inside the FA tank. The error bars represent standard 

deviation 

 

 
Fig 5: Average values of TSS concentrations at the influent and the effluent of the flash 

aeration tank and the final  clarifier, as a function of the hydraulic retention time and the 

dissolved oxygen concentration inside the FA tank. The error bars represent standard 

deviation 

 

CONCLUSION 

Flash aeration enables decrease of wastewater COD and BOD from UASB effluent treating 

municipal wastewater. The process require minimum reactor volumes (HRT = 60 min) and 

makes no use of chemicals. Removal of organics is mainly accomplished by striping of 

volatiles, while oxidation of sulfides also contributes to COD decrease. The process is simple 

compared to DAF since no recirculation and high-pressure saturation devices are required. 

Compared to the conventional stripping processes, no tower and filling materials are 

necessary. The final effluent is characterized by COD and BOD suitable for reuse in 

agriculture except for the fecal coliform. The nitrogen and phosphorus content is not affected 

by the process, which prevents effluent discharge to sensitive water bodies, but enables 

nutrients recovery and reuse forland fertilization. 
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