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Abstract

Background and Objectives: Nitrogen is a potential pollutant of water resources. They penetrate in water resources through
insufficiently treated wastewater that is rich in nitrogen. The present study aimed at evaluating the efficiency of an anoxic/aerobic
cycling reactor (AACR) with continuous flow in removing nitrogen and organic matter from wastewater.

Methods: Experiments were performed using a reactor with continuous intermittent influent and effluent. In this reactor, 4 phases
with aeration and mixing cycles were designed and efficiency of each phase in removing nitrogen compounds was evaluated at 600
mg/L chemical oxygen demand (COD) concentration, 40 mg/L ammonia concentration, and 18- to 30-hour hydraulic retention times
(HRT).

Results: Results demonstrated that all cycles had great performance in removal of COD. Average COD removal efficiencies in phases
1,2, 3, and 4 were 93%, 96.3%, 96%, and 94%, respectively. In phase 2, removal efficiency of 98.7% was obtained at hydraulic retention
time of 24 hours, COD concentration of 600 mg/L, and ammonia concentration of 40 mgj|L.

Conclusions: Phase 2 showed great efficiency in removal of nitrogen compounds. Combination of anoxic aeration stages and short
cycles in anoxic/aerobic cycling reactor resulted in great performance of this reactor in removing nitrogen from wastewater. As a
result, continuous influent and effluent flow, and not needing external carbon resulted in AACR good performance in removing

nitrogen compounds and organic materials.
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. Background

Given the growing concerns about water quality in the
world, approaches applied for wastewater treatment are
playing key roles in environment protection. Regarding
the increasing shortage of fresh water, false wastewater
treatment could bring about many problems for the soci-
ety. Also, releasing industrial and municipal wastewater is
a serious environmental challenge for water resources (1-
4).

Besides, nutrients are considered among the main fac-
tors of wastewater pollution. Indeed, nutrients’ penetra-
tion in final resources, such as lakes, can cause environ-
mental problems, including algal bloom phenomenon,
and lack of water quality for drinking, industrial, agricul-
tural, and recreational usages (5, 6).

One important objective of wastewater treatment is
removing nitrogen. The methods used for removing ni-
trogen compounds, include physical methods (reverse os-

mosis and air stripping), chemical methods (ion exchange
and chlorination to the point of failure), and biological
methods (nitrification-denitrification) (7, 8). Biological
methods for wastewater treatment are one of the impor-
tant priorities in the field of environmental engineering
due to their compatibility with the environment, lower
cost, lower sludge production, and higher flexibility com-
pared to other methods (9, 10).

Among different biological processes, nitrification and
denitrification processes are considered superior due to
their economic advantages and efficient wastewater treat-
ment (11, 12).

Nutrients biological removal processes include phor-
dox (A/O), A2/O, 5-step Bardenpho process, Keep Town Uni-
versity (UCT) process, modified UCT, Virginia initiative
plant (VIP), Phostrip processes, and sequencing batch reac-
tor (SBR) process. The aerobic-anaerobic (A/O) process is de-
signed for reducing phosphorus. The main features of this
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process are short hydraulic retention time (HRT), sludge
production with good sedimentation, and good phospho-
rus removal; however, it is not able to remove nitrogen and
phosphorus, simultaneously (13).

The SBR process in wastewater treatment has advan-
tages of higher flexibility, less sludge, and low costs of oper-
ation; however, the flow is discontinuous in SBR and needs
a more complex design. Additionally, other processes re-
quire a more complicated operation (14, 15).

Given these problems, as well as the necessity to re-
move nutrients from wastewater, it is essential to develop a
method with a high quality outlet sewage, easy operation,
low need for energy and land, and expandability in the
future (16). What distinguishes this system from similar
methods is the special design of this reactor, in which sed-
imentation is done and exploitation is facilitated through
automatic return of sludge. The main idea for inventing
this newreactor was developinga process, in which by inte-
grating A/O and SBR methods, good features of both meth-
ods are enforced and their deficiencies are reduced.

Based on what was mentioned above, this study aimed
at investigating the application of the invented aerobic
anoxic cyclic reactor for removing nitrogen compounds
and organic matter from wastewater and to assess the ef-
fects of different exploitation parameters on reactor’s per-
formance.

2. Methods

2.1. Operational PHASES

According to Tables 1 and 4 different operational
phases were used in AACR in order to determine the best
conditions for removing nitrogen compounds. In these
phases, efficiency of removing nitrogen compounds and
organic matter was also investigated at different chemi-
cal oxygen demand (COD) concentrations of 400, 600, and
800 mg(L, HRT convert to 18, 24, and 30 hours, and internal
sludge return percentage of 100%,150%, and 200%.

2.2. Specifications of Wastewater and Chemical Materials

In this study, synthetic wastewater was used. The ma-
terials needed for producing synthetic sewage have been
listed in Tables 2 and 3. In this wastewater, the carbon
source, including glucose and sucrose, was used in or-
der to maintain the rate of COD/N/P to 100/5/1 and NH,CL
and KH,PO,, were used as a nitrogen source and phospho-
rus source, respectively. Furthermore, synthetic wastew-
ater contained different combinations of trace elements,
including 0.82 mg/L sodium molybdate (Na,MoO,), 0.44
mg/L zinc sulfate (ZnSO,), 0.22 mg|L iron chloride (FeCl;),
0.42 mg/L cobalt chloride (CoCl,), and 0.42 mgJL copper

sulfate (CuSO,). In order to produce the synthetic sewage,
municipal water of Shiraz was used. A 20-liter tank was
used to reserve synthetic sewage. The synthetic sewage
was produced daily in order to prevent the contamina-
tion, which may result from microorganisms’ growth in
the tank and other contaminations (17).

2.3. Anoxic/Aerobic Cycling Reactor

This study was carried out in a pilot scale. The study
sample was the synthetic wastewater produced in the lab-
oratory and the flow entered the reactor continuously. It
should also be noted that AACR was made of plexiglas with
total volume of 28 liters and useful volume of 18 liters. This
reactor was 46 cm long and 21 cm wide and 21 cm height
and it consisted of three horizontal parts separated from
each other through a baffle in order to reach uniform flow.
In the first and second part, aeration and mixing were set
up decussately. In the third part, sedimentation unit was
designed diagonally for automatic return of sludge. The
incoming wastewater was supplied by a peristaltic pump
from a 20-liter tank. The schematic image of the reactor
and its parts has been depicted in Figure 1 and actual im-
age of AACR showed in Figure 2.

2.4. Reactor Operation

The aforementioned reactor was set up during 180
days. Initially, in order to operate the reactor, the returned
sludge from the second sedimentation unit of Shiraz mu-
nicipal wastewater treatment plant with an approximate
volume of 2 liters in tanks 1 and 2 was used for micro-
bial seeding of the system. Daily feeding with synthetic
sewage was done through the peristaltic pump (L 100-1
longer pump BT). It should be mentioned that incoming
and outgoing flows of wastewater were continuous.

The temperature of the reactor operation environment
was set at 20°C. During the operation, a diffuser connected
to the HAILIA air pump was used at the bottom of tank 1
and 2 for aeration. To ensure uniform air distribution, es-
pecially at lower rates of aeration, and to make anoxic con-
ditions, a mixer with 4 blades and 50 rounds per minute,
with 40 cm length, 20 cm of which was in the wastewa-
ter, was set up on top of the reactor. The amount of dis-
solved oxygen (DO)was 2 to3 mg[Lin the aerobic phase and
less than 0.2 mg/L in the anoxic phase. This was measured
through a Do-meter of HACH company and was monitored
continuously and daily. Additionally, the pH of the sample
was kept between 7 and 7.5, and it was measured using the
Mertrohm pH-meter. Moreover, internal return of sludge
was carried out through RSELECTIAL aquarium pump from
tank 2 to tank 1, which was connected to a digital timer. In
order to evaluate the performance of AACR reactor and to
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Table 1. Designed Phases for Operational Anoxic/Aerobic Cycling Reactor

Phase Tank1 Tank 2

1 Aeration continues without mixing Aeration 1 hour -mixing 1 hour

2 Aeration 1 hour -mixing 1 hour Aeration 1 hour -mixing 1 hour

3 Aeration 2 hours -mixing 2 hours Aeration 2 hours -mixing 2 hours
4 Aeration 1 hour -mixing 2 hours Aeration 2 hours -mixing 1 hour
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Figure 1. Schematic presentation of a novel anoxic/aerobic cycling reactor. 1, feed tank; 2, peristaltic pump; 3, 4, 5, timer; 6, 8, aeration pump, 7, 9, mixing; 10, recycle sludge

line; 11- tank 1, 12, tank 2; 13, recycle sludge pump, 14, settling; 15, effluent tank.

Table 2. Characteristics of the Influent to the Reactor (17)

Material Concentration, gL
Glucose 03-0.6
Sucrose 0.1-0.2
NH,Cl 0.15-0.2
KH,PO, 0.011-0.013

Table 3. The Amount and Type of Material Needed to Prepare the Stock Solution Trace
Elements (17)

Trace Elements Concentration, mg/L
Na,MoO, 0.82
InS0, 0.44
FeCl, 0.22
CoCl, 0.42
CusO, 0.42

decrease the operation costs 100%, 150%, and 200% inter-
nal sludge return was used. Moreover, mixed liquor sus-
pended solid (MLSS) of the reactor was kept in the range of
1500 to 2500 mg|L. It should be noted that 2 analog timers
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were used for controlling the time in different phases. One
timer was connected to the aeration of tank 1 and mixing
of tank 2 while the other timer was connected to the aera-
tion of tank 2 and mixing of tank 1, and hydraulic retention
time was monitored as well.

2.5. Experiment Method

In order to measure COD in 620 nm wavelength
and MLSS, standard methods were used (18). In addi-
tion, spectrophotometer-based methods (DR5000HACH-
model) were applied to measure the concentration of am-
monia (NH;) at 425 nm wavelength, nitrate (NO;) at 500
nm wave lenght, and nitrite (NO,) at 507 nm wave length
in incoming wastewater and outgoing sewage from the re-
actor. The Nessler method (N0.8038) was used for measur-
ing ammonia, cadmium resuscitation method (No. 8039)
for measuring nitrate, and deazotizon method (N0.8507)
for measuring nitrite.

2.6. Statistical Method

In order to compare the mean concentration of param-
eters, analysis of variance (ANOVA) was used and to com-
pare the mean concentrations between distribution sys-
tems the SPSS software was used.
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Figure 2. Image of Anoxic[Aerobic Cycling Reactor

3. Results

3.1. Chemical Oxygen Demand Removal

The AACR performance in removing COD with incom-
ing COD concentration of 600 mg/L and internal return
of 100% in performed phases is shown in Figure 3. The ef-
ficiency of COD removal at 400 to 800 mg/LCOD concen-
tration was also investigated in phase 2. According to Fig-
ure 3, at 600 mg/L incoming COD concentration the effi-
ciency of COD removal in phases1,2,3,and 4 was 93%, 96.3%,
96%, 94%, respectively. Additionally, at 400 mg/L and 800
mg/L COD concentration in phase 2, the efficiency of COD
removal was 93% and 96.3%, respectively. The results indi-
cated that the average concentration of outgoing COD was
< 50 mg|L for all phases. As the output standard for munic-
ipal wastewater treatment in Iran is 100 mgj/L for discharge
into surface waters and 200 mgj/L for agricultural and irri-
gation usages, the results of the present study correspond
with the above mentioned standards.

3.2. Removing Nitrogen Compounds

In this study,ammonia, nitrate, and nitrite compounds
were measured to examine the performance of AACR in
removing nitrogen compounds. According to Figure 4,
phasel and 2 had the best performance in removing am-
monia and nitrification and more than 97% of ammonia

was removed in these phases. Additionally, according to
Figure 5, the highest concentration of effluent nitrate was
observed in phase 1. The average concentration of efflu-
ent nitrate and nitrite in phase 2 was 12 mg/L NO;-N and
0.14 mg/L NO,-N, respectively, which indicates appropriate
denitrification. Moreover, the average concentration of ef-
fluent nitrate and nitrite was respectively15.52 mg/L NO;-
N, and 0.15 mg/L NO, in phase3 and 14.5 mg/L NOs-N, and
0.3 mg/L NO,-N in phase 4. In phase 2, with 150% internal
return, the amount of incoming ammonia increased from
40 mg(L to 60 mg|L and COD concentration increased to
800 mg/L. In addition, the efficiency of ammonia removal
increased to 96% and the average concentration of nitrate
and nitrite reached 10.2 mg/L and 0.15 mg|L, respectively.
The results indicated that at 600 mg/L COD concentration
and 150% internal return, the efficiency of ammonia re-
moval was 97% and the average concentration of nitrate
and nitrite was 8.4 mg|L and 0.13 mg|L, respectively. How-
ever, Table 4 compares effluent mean concentration of ni-
trogen compounds in 4 phases different by AACR.

4. Discussion

In all phases, COD removal was implemented very well.
The results demonstrated that by increasing the incoming
COD concentration to 800 mg|L in phase 2, the efficiency
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Figure 3. Evaluation Influent COD Removal of AACR at Influent COD Concenteration 600 mg/L and Internal Recycle 100% in Four Phases
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Figure 4. Removal of Influent Ammonia in Influent COD Concentration 600 mg|L and Influent Ammonia 40 mg/L by Internal Recycle Sludge 100% at Different Phases

of COD removal increased the concentration of 600 mg/L  severe contamination. According to Figure 3, despite dif-
and then, it became stable. In this phase, the reactor was  ferent applied conditions in phases 1 to 4, the efficiency of
able to tolerate COD loading shocks and wastewater with ~ COD removal remained high and AACR showed good per-
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Figure 5. Removal of Ammonia and Producion of Nitrate and Nitrite in Influent COD Concentration 600 mg/L and Influent Ammonia 40 mg|L by Internal Return 100% in

Different Phases. Error bars represent the standard deviation.

Table 4. Comparison of Effluent Mean Concentration of Nitrogen Compounds in 4
Phases Different by AACR

Phases NH; Effluent, NO, Effluent, NO; Effluent,
mg|L mg|L mg|L

1 0.66 0.47 28.12

2 1.05 0.14 12.1

3 2.84 0.15 15.68

4 6.6 0.29 14.4

formance in removing COD. By increasing ammonia con-
centration to 60 mg(L in phase 2, the efficency of ammonia
removal reached higher than 90%. Simoultanious removal
of nitrogen compounds and organic matter often has good
results (17).

In previous studies, Jiang et al. tried to remove nutri-
ents and carbon, simultaneously, and by using a loop air-
lift reactor under balking limited conditions. The results
demonstrated that thereactors efficiency was 91%, 92%, 86%,
and 94% for COD, NH,, TN, and TP, respectively (19). Accord-
ing to Jiang et al., simultaneous removal of nitrogen com-
pounds and organic matter was done very well, as well and
this was due to urgent need of denitrifier microorganisms
to organic matter for removing nitrogen compounds dur-
ing the denitrification process.

In another study, Yang evaluated a consecutive discon-

tinuous reactor with a moveable bed and witha membrane
module for simultaneous removal of nitrogen, phospho-
rus, and COD. The results showed that in anaerobic phase,
remaining nitrate, and nitrite were removed by using COD
as a substrate and it had a good performance in removing
the organic matter (20).

Similarly, the results of the present study indicated
that AACR had good efficiency in removing COD. However,
operations in AACR, showed 96% efficiency in COD removal
without using any module membranes or any complexi-
ties in operation and design. Generally, the most common
wastewater treatment systems have a good performance in
removing COD from wastewater. However, their efficiency
in removing nutrients, such as nitrogen compounds and
phosphorus, was very low and about 30%. According to Liu
and Hu’s studies, specific environmental conditions have
been considered for successful implementation of nitrifi-
cation and denitrification. For example, the amount of dis-
solved oxygen has been reported to be 2 to 5 mg/L in aer-
obic nitrification and less than 0.3 mg|L in anoxic denitri-
fication (21, 22). In the current study, phase 2 with 1-hour
aerobic anoxic cycle showed better performance in remov-
ing nutrients. Increase in nutrients removal efficiency in
phase 2 could be attributed to the shortness of the aerobic
anoxic cycle. Long aerobic cycle that was set up in phase 3
and 4, in spite of increasing nitrification and nitrate pro-
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duction, could reduce the organic matter required for het-
erotrophicdenitrifier microorganisms. Therefore, the con-
centration of outgoing nitrate increased in these phases.

In the research of Freitas and Cassidy, increase in anaer-
obic/aerobic sequences and decrease in cycles duration im-
proved the efficiency of the SBR in removing compounds.
Hence, short aerobic anoxic phases could improve the out-
going sewage for biological nitrogen removal (BNR) and
at the same time reduced the amount of carbon required
for denitrification in order to decrease the operation costs
(23, 24). In Ding’s study, carried out in a vertical mem-
brane bioreactor, the researchers found the best nitrogen
removal efficiency in internal return of 400% compared to
100% and 200% internal return. In contrast to Ding’s study,
in which higher internal return percentage improved the
denitrification process, in the present study, AACR showed
the best efficiency for nitrogen removal in 150% compared
to100% and 200% internal return. Therefore, the rate of in-
ternal return was directly related to energy consumption
and operation costs (25).

4.1. Conclusion

In the present study, AACR showed good efficiency in
removing nitrogen compounds and organic matter and
was able to remove COD and nitrogen compounds, simul-
taneously. In addition, the best removal efficiency was ob-
served in COD concentration of 600 mg|L, 24-hour HRT,
and 150% internal return. In this study, 2 aerobic anoxic
processes were placed in the reactor. Furthermore, AACR
with cycling aerobic anoxic stages showed good efficiency
in removing nitrogen compounds and organic matter in
phase 2. In other words, the key advantage of this new reac-
tor, includes lower space requirements through the use of
compressed tanks, simple design and exploitation, lower
sludge production, and automatic sludge return, and the
efficient simultaneous removal of nitrogen compounds
and organic matter.
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