
127

Spring 2022. Volume 11. Number 2

Mohammad Aghanaghad1, Gholamreza Mousavi2*  

1. Department of Environmental Health Engineering, Khoy University of Medical Sciences, Khoy, Iran.
2. Department of Environmental Health Engineering, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran.

* Corresponding Author:
Gholamreza Mousavi, PhD.
Address: Department of Environmental Health Engineering, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran.
Phone: +98 (21) 82883827
E-mail: moussavi@modares.ac.ir

Research Paper 
Performance Upgrading Evaluation of the Anaerobic 
Baffled Reactor by Integrating Aerobic Media Filter 
for Municipal Wastewater Treatment

Background & Aims of the Study: Anaerobic baffled reactor (ABR) is one of the low-cost 
wastewater treatment systems; however, it has some limitations, such as insufficient standard 
nutrient outflow. Accordingly, it should be studied and developed. This research aims to 
determine the efficiency of a five-sectional reactor pilot and to upgrade it with an integrated 
aerated media filter in the reactor (integrated reactor) for municipal wastewater treatment.

Materials and Methods: This study was performed on a laboratory scale with field 
conditions in the Khoy City wastewater treatment plant. The ABR reactor operated for 270 days 
with a hydraulic retention time (HRT) of 48, 36, 24, and 18 hours, respectively. The Integrated 
anaerobic baffled reactor (IABR) was operated for 35 days with 24 hours of HRT, i.e., aeration 
time of 5 hours. The reactors were fed in line from the inflowing wastewater to the treatment 
plant. A 24-hour combined sampling was performed 224 times from the inflow and outflow of 
the system, and volatile suspended solids, total kjeldahl nitrogen (TKN), total phosphorus (TP), 
biochemical oxygen demand (BOD), chemical oxygen demand (COD), and Total Suspended 
Solids (TSS) parameters were measured and compared with the effluent disposal standard.

Results: The launch of ABR lasted 105 days, and its helpful operation lasted 200 days. In 
18 to 48 hours, the reactor removed 79% to 91% of COD, 9% to 20% of TKN, 19% to 30% 
of phosphorus, and 89% to 94% of TSS. The IABR reached the effluent disposal standard 
in terms of TSS, BOD, COD, and phosphorus under 24 hours HRT, i.e., aeration time of 5 
hours, and increased the COD removal efficiency by 6% compared to ABR under 24 hours 
HRT and the same conditions.

Conclusion: By integrating the final aerobic media filter in ABR while reducing the required 
HRT by 50%, its efficiency in achieving the effluent disposal standards increased compared 
to ABR. Therefore, this system can be used to treat municipal wastewater.
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1. Introduction

erobic wastewater treatment methods such 
as activated sludge have some limitations, 
including high construction and manage-
ment costs, high sludge production, and 
subsequent costs. Therefore, their use is 
not appropriate and economical, at least in 

small and scattered communities. Methods such as la-
goon types are not efficient enough, especially in cold 
and hot climates. They have various problems, for in-
stance, algae growth and odor and unfitting wastewater 
disposal standards. Because of these limitations, using 
anaerobic or integrated methods (anaerobic-aerobic) can 
have the necessary efficiency as a new and appropriate 
solution, while they are cheap and easy to build and oper-
ate [1]. One such method is an anaerobic baffled reactor 
(ABR). Given the many advantages and capabilities of 
the reactor, including the improvement of process kinet-
ics because of the separation of anaerobic decomposition 
phases, methane gas recovery, and its upgrading possibil-
ity for increasing its treatment capacity and removing its 
limitations, its application has been considered [2]. Ac-
cordingly, its use for wastewater treatment is completely 
justified and cost-effective in most industries, treatment, 
and pre-treatment of municipal wastewater, especially 
in the existence of a source of effluent such as rivers. 
Also, the reactor can quickly meet the effluent standard 
for agricultural irrigation [3]. However, to replace it with 
aerobic methods, it is necessary to make corrections and 
study its upgrading. One of the reactor’s modifications 
is its integration with the final aerobic phase. This in-
tegration can improve its effluent quality and meet the 
standard of effluent disposal.

In 2018, ABR was used for the linear treatment of sani-
tary wastewater on a pilot scale with a hydraulic retention 
time (retention time) of 22 hours. Removal of chemical 
oxygen demand (COD) was 58%-72%, and Coliform 
bacteria removal was about 90%. The results showed 
that the longer the Hydraulic Retention Time (HRT), the 
better the quality of the effluent. Also, the result dem-
onstrated that ABR is a suitable method for wastewater 
treatment in low-income communities and can meet the 
sanitary standard of effluent with final disinfection [4]. 
In 2016, four sectional ABR with a volume of one cu-
bic meter on a pilot scale with a wastewater tempera-
ture of 12-23°C were operated for 2 years for municipal 
wastewater treatment with COD 760±190 mg/L under 
12 hours HRT. The removal efficiency of COD was 
49%, and total suspended solids (TSS) 83% and 70% 
of their removal occurred in the first section. The result 
was that ABR is a suitable method for the primary treat-

ment of municipal wastewater, and the efficiency of the 
reactor mainly depends on the number of sections and 
the HRT [5]. In 2019, ABR integrated with submerged 
membranes was used to treat municipal wastewater as 
a 105-L pilot under 12 hours HRT, which showed com-
plete removal of suspended particles and 94% and 54% 
of organic matter and nitrogen [6].

Previous research has shown that integrating anaerobic 
wastewater treatment processes with the aerobic process 
increases the overall efficiency and reduces the operat-
ing costs by reducing the anaerobic load in the anaero-
bic sector and excess sludge compared to purely aerobic 
methods [7]. On the other hand, ABR alone does not 
meet all the standards of effluent disposal with normal 
HRT; therefore, it is necessary to study its upgrading and 
development, especially as an aerobic integration with 
suitable microbial media. According to the literature, a 
similar study had not been conducted to upgrade ABR, 
and the present study was necessary to develop and im-
plement this system, which has high technical and eco-
nomic capabilities for wastewater treatment. Thus, this 
study aims to determine the efficiency of ABR in mu-
nicipal wastewater treatment and then convert the fourth 
section into a microbial media filter with floor aeration to 
upgrade its performance and compare the two in achiev-
ing national standards for wastewater disposal. 

2. Materials and Methods

Launching and operating reactors

The reactor was designed and built according to the 
specifications in Table 1 and Figure 1 of the Plexiglas 
sheet. The reactor was installed in a room built for this 
purpose after testing the sealing and measuring the effec-
tive volume by moving the water in Khoy City wastewa-
ter treatment plant. The five-section reactor consisted of 
four equal sections and a larger first section, 1.5 times 
larger than the others, which served as the initial pre-
cipitation. The reactor had three equal inflows and three 
outflows to distribute the current evenly across the reac-
tor. The reactor was launched under 48 hours of HRT 
for better growth and multiplication of methane-forming 
bacteria and the formation of leach-resistant microbial 
flakes. The basis for selecting the HRT range was to 
provide COD and biochemical oxygen demand (BOD) 
effluent outflow standards; therefore, the reactor could 
continuously operate for 480, 36, 24, and 18 hours for 
270 days, respectively, and its efficiency in achieving the 
effluent disposal standard with optimal HRT was deter-
mined. After finishing the reactor, the HA1LEA model 
aerator (ACO-9630) with a ceramic diffuser of 25 cm 

A
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long rods was placed in the upper part of the reactor in 
section 4, and rigid polyethylene microbial media (2H) 
with a specific surface area of 535 m2/m3, with a volume 
of approximately 30% of this section, was poured into 
this section and mixed with the sludge in that section. 
This media was floating. Thus, the system became an 
Integrated Anaerobic-aerobic Baffled Reactor (IABR). 
This system was operated under 24 hours of HRT for 35 
days in the same conditions as before to evaluate the fi-
nal aerated section’s effect and the microbial media filter 
in increasing its efficiency. A reactor was used under the 
same conditions, and the comparison between the two 
reactor modes was logically made to determine the ef-
fect of ABR upgrading with an aerated media filter. The 
criterion for the system to reach a steady state at each 
stage was the approximate stability of the COD removal 
efficiency of less than 3% in one week. Subsequently, the 
shift to the next step was performed.

Specifications of sludge seeds and inflow sewage

As for sludge seeds, a quantity of 10 L of fresh and 
condensed sewage sludge was prepared from the Salmas 
City wastewater treatment plant, a sequencing batch 
reactor (SBR). Thirty percent of the effective reactor 
volume of this sludge was filled and mixed with filtered 
cow excrement in 1.5 L. Because of the lack of anaer-
obic sludge, these excrements were used to enrich the 
sludge with methane-forming bacteria. TSS and VSS 
concentrations of mixed sludge were 8.6 and 4.4 g/L, 
respectively. The reactor was fed with screening and 
grit chamber sewage and fed from a depth of 30 cm into 
the sewer line. According to the WTW oxygen meter, 
the O2 solution at the system inflow was almost zero 
and also zero inside the reactor, meaning that anaerobic 
conditions were maintained throughout the reactor. Ac-
cording to the selected HRT, the inflow was adjusted by 
an Etatron model Peristaltic pump (made in Italy) and 
calibrated with accurate volumetric measurement. The 

specifications of the wastewater fed by the system are 
provided in Table 2 as the mean of the whole period. In 
addition, the pH and alkalinity of this wastewater on the 
overall mean were 7.5 and 512 mg/L, respectively. At 
the end of the study, after removal from the reactor and 
complete disposal of the supernatant, the sludge of all 
sections was shaken separately, and each section was 
sampled and concentrated. The highest concentration of 
VSS was 33.9 g/L in the first section, and the other sec-
tions had almost the same concentration of 26.6 g/L.

During 105 days of commissioning and 200 days of 
the operation period, 224 samples were taken from the 
pilot inflow and outflow one day between and three con-
secutive days at the end of each period of HRT changes 
from the outflow of all reactor sections. Because of the 
qualitative fluctuation of the inflow and outflow sewage 
of the system, sampling of inflow and outflow was per-
formed a 24-hour and every 8 hours. Analysis of outflow 
samples was to determine the system’s overall efficiency 
and analysis of outflow samples of each section to de-
termine the performance of each reactor section. The 
parameters were measured using the given methods: TP 
(PO4), pH, SCOD (Soluble COD), COD, BOD5, TSS, 
TKN, SO4, NO3, and alkalinity by standard methods [8], 
respectively; by methods of BOD metraxitap, closed 
reflex, pH meter WTW, perSulfate digestion, and tin 
chloride colorimetry, HACH Macro Kjeldahl digestion 
and distillation apparatus to convert organic nitrogen to 
ammonium and then Nessler colorimetric method for 
ammonium measurement, gravimetry, NTU-Turbidity, 
Brucine method, and titration. HACH DR5000 spectro-
photometer was used to read the concentration param-
eters of COD, PO4, NH4, SO4, and NO3. Because of the 
variable concentration of output parameters, graphs and 
results are plotted based on the mean of the stable condi-
tions data (the mean of the final week’s data at the end of 
each HRT). Data were statistically analyzed with Excel 
2018 software.

Table 1. Anaerobic baffled reactor specifications

Dimensions Values

Length 60 cm

Wide 24 cm

Height 30 cm

Volume 48.6 L

Net volume 37 L
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3. Results

Launching the system and achieving stable conditions

Launching performance was monitored by measuring 
the parameters SCOD, TSS, pH, and alkalinity at the in-
flow and outflow of the reactor. At the beginning of this 
period, because of the leaching of fine sludge particles, 
TSS and SCOD outflow concentrations fluctuated sig-
nificantly. The pH changes of the reactor inflow and out-
flow were in the range of 2.7 to 7.7, and 7.3 to 8, respec-
tively. Because of the high alkalinity of the inflowing 
wastewater and its 11% increase in the outflow, the pH of 
the outflow was equal to or higher than the inflow. After 
105 days, the outflow SCOD concentration reached an 
almost constant value of 68 mg/L, the removal efficiency 
of 88%. The TSS removal efficiency reached a constant 
value of 93%. The SCOD removal efficiency stabilized 
during the final week when the launching period ended.

Systems efficiency in removing TSS

Table 2 presents the mean TSS outflow concentration 
at the end of the stable condition of each period. In ABR 
under 18, 24, 36, and 48 hours of HRT, TSS removal ef-
ficiencies were 89%, 92%, 93%, and 94%, respectively, 
with a standard deviation of 2.1%. This value was 93.9% 
for the integrated reactor (IABR). The reduction in HRT 
reduced the TSS removal efficiency almost linearly but 
did not change significantly during the study and re-
mained almost constant in each period of HRT changes 
as the system reached stable performance. Therefore, 
this system met the standard of particulate matter out-
flow under 18 hours of HRT.

The efficiency of reactors in removing COD and BOD5

In all 5 stages of the research, the reactor operated until 
a constant and maximum COD removal efficiency was 
achieved. The reactor lasted 63 days under 48 hours, 55 

days under 36 hours, 40 days under 24 hours, 20 days 
under 18 hours of HRT, and then 35 days in integration. 
Then, it gradually reached an optimal and almost con-
stant performance in each period. Table 2 and Figure 1 
demonstrate the outflow concentration and removal of 
COD and BOD relative to the HRT. The COD removal 
efficiencies were 91%, 89%, 83%, and 79% for 18 to 
48 hours (Figures 2, 3). The removal efficiency of COD, 
compared to the reduction of HRT, had a linear down-
ward trend with 0.97 R2. ABR reached the COD and 
BOD5 outflow standard in just 48 hours. According to 
Figure 2, an integrated reactor (IABR), by removing 
89.7% of COD, increased the concentration of this pa-
rameter to 58 mg/L under 24 hours of HRT, which was 
half the optimal HRT of ABR. As the HRT decreased, the 
SCOD/COD ratio increased from 0.74 in 48 hours to 0.88 
in 18 hours. These numbers indicate that the opportunity 
and the possibility of eliminating anaerobic decomposi-
tion products in the last sections of the reactor have been 
reduced by lowering the HRT. Similar research shows a 
direct relationship between the percentage of pollutant 
removal and the HRT, and the most important factor in 
the efficiency of this type of reactor is HRT [9]. Figure 2 
shows the COD removal process in the IABR. Despite 
the large fluctuations related to the stabilization of the 
aerobic phase and the adaptation of the optional anaero-
bic microbes to the aerobic conditions in the fourth sec-
tion, the reactor reached a maximum and almost constant 
removal efficiency of 89% COD after 30 days.

Longitudinal or sectional operation of reactors

At the end of each period of changes in HRT for 3 con-
secutive days, the performance of all reactor sections 
was evaluated by sampling their tap and performing the 
required tests to determine the role of each section in 
the overall efficiency of the reactor. Table 3 shows the 
performance of the reactor sections. For the first sec-
tion, the TSS removal efficiency was 51% under the 

Figure 1. Picture of a five-sectional anaerobic baffled reactor in operation
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48-hour of HRT, given this section’s role as the primary 
filter. Therefore, the SCOD section measure was chosen 
so TSS would not interfere. As the HRT decreased, the 
share of the last sections gradually increased. Compared 
to ABR, the share of the aeration sector in the IABR in-
creased by 9%, compared to the same sector in the ABR 
itself. The sulfate and nitrate removal rate. These results 
showed that the performance of this system in municipal 
wastewater treatment was more affected by the activ-
ity of dominant species in each section because of the 
environmental conditions of that section, especially the 
concentration and the type of dominant substrate and 
oxidation-reduction potential. Therefore, because of the 
decrease in sulfate and nitrate concentrations and the 
elimination of COD, it can be inferred that sulfate- and 
nitrate-reducing bacteria were most active in the first 
and second sections, and methane-forming bacteria were 
most active in the final sections.

Efficiency of reactors in removing nitrogen and 
phosphorus

Figure 4 shows the removal efficiency of TKN and TP. 
Despite the fluctuations in nitrogen and phosphorus in-
flow and outflow concentrations in both reactors, TKN 
removal efficiencies under 48, 36, 24, and 18 hours of 
HRT were 20%, 15%, 13%, and 9%, and for phospho-
rus, 30%, 27%, 25%, and 19%, respectively. The out-
flow concentrations of TKN and phosphorus (in terms 
of phosphate) under 48 hours of optimal HRT were 59 
and 16.5 mg/L, respectively. Therefore, ABR met the 
standard phosphorus outflow of 16.8 mg/L of phosphate. 
According to the nitrogen and phosphorus removal effi-
ciency graph, it was directly related to HRT. Their cor-
relation intensity under HRT is 0.98 and 0.95, respec-

tively, which shows that the effect of reducing HRT on 
nitrogen removal was more effective than phosphorus. 
The removal efficiencies of these materials in the IABR 
increased parallel to the increase in COD removal; there-
fore, the removal of TKN and phosphorus were 14.5% 
and 35%, respectively, with mean nitrogen and phos-
phorus outflow concentrations of 52.7 and 12.5 mg/L, 
respectively. In this study, 76% of the inflow TKN was 
ammonium, and the rest was organic nitrogen, while 
98% of the outflow TKN was in the form of ammonium, 
which can be attributed to the ammonification phenom-
enon that occurs under anaerobic conditions.

Comparing the efficiency of both systems

According to Table 2, the IABR provided its standard 
outflow with half the optimal ABR retention time, i.e., 
24 hours of HRT, while increasing the COD and BOD 
removal by 6%. It also positively affected the elimina-
tion of nutrients, as 2% more nitrogen and 10% more 
phosphorus was removed. Therefore, it became the stan-
dard outflow of phosphate amine, but it could not meet 
the standard of nitrogen outflow because of its high in-
flow concentration and slight elimination in the anaero-
bic phase. This increase in speed and efficiency can be 
attributed to the integration of the aerobic media filter, 
which has acted as a complementary filter.

4. Discussion

Similar studies have reported ABR launching times of 
57 to 128 days, depending on the type of wastewater, 
climatic conditions, wastewater temperature, and other 
factors [1, 10]. This study has a relatively long launch-
ing time. In addition, dilute organic wastewater, such as 

Table 2. Mean±SD of reactors outflow concentration in stable conditions of each period in mg/L 

Reactors HRT-h
Mean±SD

TSS COD BOD TKN TP

Influent 267±14 564±37 352±24 66±8.2 23±2

ABR 48 16.2±2.2 56±4.2 26±3 55.6±1.5 15.9±1.3

ABR 36 19.2±2.7 67±6 31±4 58.9±2.1 16.5±1

ABR 24 22.2±3.5 97±9.2 46±5.1 60.7±2.7 17.2±1.1

ABR 18 28.6±4.2 123±14 58±6.2 63±3.2 18.3±1.3

ABR 24 21±2.4 58±7 28±5.4 59.4±2.8 14.7±1.2

ABR: Anaerobic Baffled Reactor; IABR: Integrated ABR; HRT-h: Hydraulic Retention Time-hour; COD: Chemical Oxygen Demand; 
BOD: Biochemical Oxygen Demand: TSS: Total Suspended Solids; TKN: Total Kjeldahl Nitrogen; TP: Total Phosphorus

Aghanaghad & Mousavi. Upgrading of Aerobic Baffled Reactor For Wastewater. Arch Hyg Sci. 2022; 11(2):127-136

http://jhygiene.muq.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


132

Spring 2022. Volume 11. Number 2

sanitary wastewater, because of the low concentration 
gradient, creates a low mass transfer force between the 
substrate and the biomass and causes methane-forming 
slow-growing bacteria to predominate in the methane-
forming stage, which is the most important step in 
the anaerobic treatment [11]. TSS removal efficiency 
had the lowest correlation intensity (R2=0.85) to HRT 
compared to other parameters; i.e., it was independent 
of HRT when reaching the highest efficiency (fixed ef-
ficiency). That is because of this reactor’s type, which 
causes suspended particles to settle in the sludge blanket, 
even during a low HRT such as 18 hours.

Nevertheless, the 58% VSS/TSS ratio at the reactor 
outflow indicated that part of the biomass was released 
along with the organic suspended particles, which could 
be attributed to the leaching of the sludge blanket in the 
last section. This leaching is because of the production of 
biogas and the breakdown of clots and cell mass mortal-

ity, especially in the last section of the reactor. On the 
other hand, it can be related to the increase in the speed 
of sewage movement (an increase in hydraulic load) and, 
as a result, the leaching of microbial mass in the last sec-
tion of the system. According to the relationship between 
speed, distance, and time, the speed of sewage move-
ment is inversely proportional to the HRT, so 48, 36, 
and 24 hours of HRT were calculated as 5, 6.6, and 10 
cm/h, respectively. The supply of TSS outflow standard 
at all HRTs can be attributed to the filter role of the dense 
sludge blanket that gradually formed during launching. 
By installing media in the last section, the effluent of sus-
pended particles was minimized. Similar results of TSS 
removal have been reported in the literature [9].

Two important parameters affecting the efficiency of 
the wastewater biotreatment process include the rate of 
substrate transfer (mass transfer coefficient) to cell mass 
and microbial metabolism. Because of the low meta-

Figure 2. Efficiency of ABR and IABR in BOD and COD elimination at stable final conditions of each period

ABR: Anaerobic Baffled Reactor; HRT-h: Hydraulic Retention Time-hour; TSS: Total Suspended Solids; COD: Chemical Oxygen De-
mand; BOD: Biochemical Oxygen Demand; TKN: Total Kjeldahl Nitrogen; TP: Total Phosphorus

 

Abbreviations: ABR, anaerobic baffled reactor; IABR, integrated ABR; HRT-h, hydraulic retention time-hour; 
COD, chemical oxygen demand; BOD, biochemical oxygen demand. 
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Table 3. Partial contribution (from one) of the sections of both reactors in COD removal based on the sample taken from the 
outflow of each section

Sections
ABR IABR

HRT (48h) HRT (36h) HRT (24h) HRT (24h)

C1 0.47 0.42 0.40 0.37

C2 0.33 0.17 0.15 0.17

C3 0.06 0.15 0.12 0.12

C4 0.06 0.12 0.15 0.26

C5 0.08 0.14 0.18 0.08

ABR: Anaerobic Baffled Reactor; IABR: Integrated ABR; HRT-h: Hydraulic Retention Time-hour.
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bolic rate of the anaerobic process, the role of substrate 
transfer is more remarkable. On the other hand, dilute 
wastewater creates a low mass transfer force between the 
substrate and the biomass; therefore, the activity and mi-
crobial growth, according to the Monod equation, is low, 
and more contact time is needed to absorb and remove the 
substrate. This issue is more pronounced in the case of 
ABR, which has a flow regime, and the substrate concen-
tration gradually decreases throughout the system [12].

In attached growth processes such as ABR, the perfor-
mance limiting stage of the system is usually the transfer 
of the substrate to the biofilm. The filtration efficiency is 
mainly dependent on the HRT and concentration gradi-
ent of the substrate, and as the contact time decreases, 
the amount of impact and penetration of the substrate in 
the biofilm decreases. Also, reducing HRT because of 
the turbulence and short circuit current increases the hy-
draulic dead space and, consequently, the biological dead 
space (inactive section). On the other hand, because of 
the slow metabolism of methane-forming bacteria, this 
decrease disturbs the dynamic balance of their activity 
with acid-forming bacteria. As a result, methane-form-

ing bacteria cannot absorb all organic matter, especially 
volatile fatty acids. Therefore, COD outflow, especially 
SCOD outflow, increases with decreasing HRT. This 
finding is consistent with the research findings [13].

Because of the presence of oxygen in their composi-
tion, nitrate and sulfate in wastewater maintain the oxi-
dation potential of wastewater and can disrupt and re-
duce the efficiency of the anaerobic process. Therefore, 
it is necessary to reduce the reduction conditions by re-
moving these materials by bacteria in the first sections of 
the system to provide methane-forming conditions in the 
final sections of the reactor. On the other hand, despite 
sulfate, sulfate-reducing bacteria compete with methane-
forming bacteria and consume part of the acetate, which 
is the main feed of methane-forming bacteria [14]. Ac-
cordingly, the concentration of sulfate and nitrate was 
monitored during the study. On average, 65.7% of sul-
fate and 39.3% of nitrate were removed, and their maxi-
mum removal, i.e., 75%, was under 48 hours of HRT. 
The sulfate and nitrate removal processes were down-
ward in the reactor, and their removal occurred mainly in 
the second and third sections. Sulfate and nitrate concen-

Figure 4. The efficiency of the reactors in removing TKN and TP in stable conditions of HRT
ABR: Anaerobic Baffled Reactor; IABR: Integrated ABR; TKN: Total Kjeldahl Nitrogen; TP: Total Phosphorus.

Figure 4 shows the removal efficiency of TKN and TP. Despite the fluctuations in nitrogen and phosphorus 
inflow and outflow concentrations in both reactors, TKN removal efficiencies under 48, 36, 24, and 18 
hours of HRT were 20%, 15%, 13%, and 9%, and for phosphorus, 30%, 27%, 25%, and 19%, respectively. 
The outflow concentrations of TKN and phosphorus (in terms of phosphate) under 48 hours of optimal HRT 
were 59 and 16.5 mg/L, respectively. Therefore, ABR met the standard phosphorus outflow of 16.8 mg/L of 
phosphate. According to the nitrogen and phosphorus removal efficiency graph, it was directly related to 
HRT. Their correlation intensity under HRT is 0.98 and 0.95, respectively, which shows that the effect of 
reducing HRT on nitrogen removal was more effective than phosphorus. The removal efficiencies of these 
materials in the IABR increased parallel to the increase in COD removal; therefore, the removal of TKN and 
phosphorus were 14.5% and 35%, respectively, with mean nitrogen and phosphorus outflow 
concentrations of 52.7 and 12.5 mg/L, respectively. In this study, 76% of the inflow TKN was ammonium, 
and the rest was organic nitrogen, while 98% of the outflow TKN was in the form of ammonium, which can 
be attributed to the ammonification phenomenon that occurs under anaerobic conditions. 

Figure 4. The Efficiency of The Reactors in Removing TKN and TP in Stable Conditions of HRT 

 

Abbreviations: ABR, anaerobic baffled reactor; IABR, integrated ABR; TKN, total Kjeldahl nitrogen; TP, total 
phosphorus. 

 

Comparing the Efficiency of both Systems 

 According to Table 2, the IABR provided its standard outflow with half the optimal ABR retention time, i.e., 
24 hours of HRT, while increasing the COD and BOD removal by 6%. It also positively affected the 
elimination of nutrients, as 2% more nitrogen and 10% more phosphorus was removed. Therefore, it 
became the standard outflow of phosphate amine, but it could not meet the standard of nitrogen outflow 
because of its high inflow concentration and slight elimination in the anaerobic phase. This increase in 
speed and efficiency can be attributed to the integration of the aerobic media filter, which has acted as a 
complementary filter. 

Table 3. Partial Contribution (From One) of the Sections of Both Reactors in COD Removal Based on the 
Sample Taken From the Outflow of Each Section 
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Figure 3. Integrated system performance profile for chemical oxygen demand removal during operation

 

Abbreviations: ABR, anaerobic baffled reactor; IABR, integrated ABR; HRT-h, hydraulic retention time-hour; 
COD, chemical oxygen demand; BOD, biochemical oxygen demand. 
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Longitudinal or Sectional Operation of Reactors 

 At the end of each period of changes in HRT for 3 consecutive days, the performance of all reactor sections 
was evaluated by sampling their tap and performing the required tests to determine the role of each 
section in the overall efficiency of the reactor. Table 3 shows the performance of the reactor sections. For 
the first section, the TSS removal efficiency was 51% under the 48-hour of HRT, given this section's role as 
the primary filter. Therefore, the SCOD section measure was chosen so TSS would not interfere. As the HRT 
decreased, the share of the last sections gradually increased. Compared to ABR, the share of the aeration 
sector in the IABR increased by 9%, compared to the same sector in the ABR itself. The sulfate and nitrate 
removal rate. These results showed that the performance of this system in municipal wastewater 
treatment was more affected by the activity of dominant species in each section because of the 
environmental conditions of that section, especially the concentration and the type of dominant substrate 
and oxidation-reduction potential. Therefore, because of the decrease in sulfate and nitrate concentrations 
and the elimination of COD, it can be inferred that sulfate- and nitrate-reducing bacteria were most active 
in the first and second sections, and methane-forming bacteria were most active in the final sections. 
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trations were 29.6 and 1.59 mg/L on average during the 
study. These results show that sulfate- and nitrate-reduc-
ing bacteria were mainly active in the early sections, and 
methane-forming bacteria were predominant in the late 
reactor because of the conditions.

Research records show that, in general, the linear ve-
locity of sewage, sludge height, initial sludge character-
istics, and its type, distribution of microbial and hydrau-
lic species of flow, and the way of launching affect the 
performance of ABR reactors and their optimal amount, 
the amount of organic matter removal increases signifi-
cantly [15]. According to previous similar studies that 
have worked with ABR on sanitary wastewater [9, 13], 
the COD removal efficiency in this study was under 48 
hours of HRT, longer than some of them, which achieved 
68% to 79% COD removal efficiency. The reason can be 
attributed to high HRT, successful launching, and high 
active biomass concentration [16].

At the reactor outflow, on average, 85% of COD was 
SCOD. The most important reason was the high removal 
of particulate COD and the conversion of organic par-
ticles into solution inside the reactor. SCOD outflow can 
be because of the failure to decompose or remove some 
resistant soluble organic compounds such as lignin, sur-
factant, humic acid, and synthesis of microbial products. 
The mechanism of organic matter removal in this system 
is a total of almost complete removal of particulate COD 
in the sludge blanket, especially in the first section of the 
reactor, consumption of a part of COD to reduce sulfate 
and nitrate, especially in sections 2 and 3 of the reactor, 
and conversion of another section to methane in the final 
sections of the reactor. In the integrated reactor, which 
was, in fact, a combination of anaerobic-aerobic phases, 
a large part of the anaerobic decomposition products in 
the aerobic sector has been eliminated [17].

By comparing the process and removal ratio of COD 
in the system sections, it was found that the operation 
of this type of reactor under 24 hours of HRT and more, 
especially for medium wastewater such as municipal 
type, is largely independent of its baffling properties. 
This is because the separation of the acid phase and 
methane-forming does not occur completely; there-
fore, most of the organic and nutrients are removed 
in the initial sections, and the system’s efficiency does 
not differ much in its length. These results have been 
obtained in similar studies [5]. Therefore, it can be 
concluded that ABR baffling, design, and operation 
should be optimized according to the type of use and 
type of wastewater, supposing that this system is used 
for wastewater treatment with medium intensity, such 

as municipal type. In that case, it should be designed 
according to the HRT of each anaerobic treatment 
phase, i.e., with the appropriate volume of sections, so 
that the last sections are larger than the others. Because 
of the slow metabolism of methane-forming bacteria, 
the system should be designed with more baffles. In 
an IABR, even better efficiency can be achieved by 
increasing the volume of the aeration section and re-
ducing the reactor retention time to less than 24 hours.

The rate of nitrogen and phosphorus removal is usu-
ally a function of the rate of COD removal and the type 
of process, aerobically or anaerobically [18]. On aver-
age, the ratio of C:N:P removed during the 48 hours of 
HRT was 300:8:4. This result indicates that according 
to the ratio of C:N:P=300:5:1 required in the anaerobic 
process, more nitrogen than required for cell synthe-
sis is removed; so, other removal mechanisms such as 
anaerobic oxidation of ammonium may have occurred 
[19]. Adsorption and cellular metabolism (energy ac-
quisition and cell synthesis) are also two major pro-
cesses for phosphorus removal [20]. because of the re-
moved C:N:P ratio, phosphorus is removed relatively 
more than COD and nitrogen, which can be attributed 
to the additional phosphorus removal because of the 
adsorption of clots and its precipitation in the form 
of calcium phosphate, magnesium, or organic com-
pounds. In addition, under anaerobic conditions, the 
mechanism of nitrogen removal, unlike phosphorus, is 
only low cellular synthesis [21]. The effect of aeration 
on phosphorus removal was also greater than nitrogen 
because phosphorus is removed more in successive 
anaerobic-aerobic conditions. The removal of more 
phosphorus than nitrogen is consistent with the results 
of a similar study that found 19% and 30% removal of 
nitrogen and phosphorus in ABR [22].

The weakness of this system, like conventional 
methods of anaerobic treatment, requires high HRT 
and failure to meet the standard of nitrogen outflow 
[23]. However, the system was upgraded to standard 
filtration with integrated processes such as aerobic 
phase integration with a media filter. In the combined 
aerobic phase, the remaining products of anaerobic 
decomposition are consumed by aerobic microorgan-
isms, resulting in a significant reduction in COD and, 
consequently, other pollutants. Researchers in succes-
sive anaerobic-aerobic wastewater treatment systems 
have increased organic matter removal efficiency by 
up to 10% compared to anaerobic reactors alone [24].
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5. Conclusion

The optimal HRT of ABR for reaching the effluent 
BOD, TP, and COD outflow standard was 48 hours, but 
the reactor could not reach the nitrogen outflow stan-
dard. The last sections of the ABR should be larger than 
the others due to the slow metabolism of the methane-
forming bacteria, and the system should be designed 
with more baffles. In an IABR, even better efficiency 
can be achieved by increasing the volume of the aera-
tion section and reducing the reactor retention time to 
less than 24 hours. The IABR achieved the effluent dis-
posal standards by increasing the efficiency and improv-
ing the quality of the effluent during the half-HRT of 
ABR, i.e., 24 hours. Accordingly, this suitable system 
can be used for municipal wastewater treatment.
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