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Abstract

This research was carried out using lab-scaled Integrated Fixed Film Activated Sludge (IFAS)
process with fabious media and anoxic process in order to reduce the concentration of ammonia
nitrogen and nitrate nitrogen in municipal wastewater from Yangon City, Myanmar. The required
wastewater sample was collected from the wastewater treatment plant of Yangon City
Development Committee (YCDC). Ten experiments were conducted with five operational
conditions and they lasted about four months from February to May 2018. The rate of air supply for
the aeration tank through these experiments was about 8 m3/day. This paper describes the
evaluation on nitrogen removal efficiency of the lab-scaled treatment system depending on the
results from the experiments. Due to the different operational conditions through these
experiments, the F/M ratio of IFAS process varied between 0.1 and 0.9 d?! and SRT of IFAS
process ranged between 6.0 days and 8.3 days. Moreover, the F/M ratio fluctuated between 0.2 d*!
and 0.7 d* as well as the Specific Rate of Denitrification (SRDN) altered between 0.23 g NO3-N/g
MLSS and 0.33 g NOs-N/g MLSS in the anoxic process. According to the outcomes of the
experiments, the maximum removal efficiency for ammonia nitrogen and nitrate nitrogen were
about 98.2% and 97.7%, respectively. However, the optimum treatment efficiency for both NHs-N
and NOs-N concentration was obtained at the ninth experiment with about 0.1 d* of the F/M ratio
and about 6.4 days of SRT in aerobic reactor while the F/M ratio, SRDN and anoxic residence time
of anoxic process were about 0.26 d?, 0.27 g NOs-N/ g MLSS and 48 hours, respectively. About
500 mg/l of ammonia nitrogen can be reduced to about 30 mg/l and about 2600 mg/l of nitrate
nitrogen can be reduced to about 61 mg/l, respectively in this ninth experiment. The optimum
treatment efficiency for ammonia nitrogen and nitrate nitrogen were about 94.0 % and 98.0 %,
respectively.

Keywords: Ammonia nitrogen, Anoxic process, Integrated Fixed Film Activated Sludge (IFAS)
process, Municipal wastewater, Nitrate nitrogen

Introduction

At the present time, the amount of municipal wastewater generated from municipalities in
every region of the world is higher than that of the previous decades due to the rapid
population growth rate of these areas. Since the municipal wastewater is composed of
highly organic and inorganic pollutants with significant amount of grease, grit, debris,
nutrients, bacteria, virus and parasite, the receiving surface water areas can be exactly
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contaminated if the untreated municipal wastewater is discharged into the surrounding
water bodies. Pollution of water resources grow into one of the major issues to get good
quality of water for drinking and domestic purposes. Therefore, the municipal wastewater
should be treated by using the appropriate technologies before disposing it into the
surrounding water bodies. Moreover, the nitrogen contamination due to the untreated
municipal wastewater comes to be serious concern regarding eutrophication problem.
Nitrogen compounds in wastewater motivate the growth of aquatic vegetation in the
receiving waters. Significant increase of algae bloom can get worse the water quality that is
essential for the ecosystem. Furthermore, this problem can cause oxygen depletion in water
that is leading to the death of large amounts of aquatic lives. For that reason, the nitrogen
compounds such as ammonia nitrogen and nitrate nitrogen constituents in municipal
wastewater should be reduced until their concentration can meet with the national guideline
values before disposing it to the inland water bodies. According to the results of laboratory
tests, the average concentration of BOD, COD and NH3-N of wastewater sample were very
high and they were more than 1500 mg/l, more than 8000 mg/l and more than 800 mg/I,
respectively. The aim of this study was to determine the optimum treatment efficiency of
IFAS process with fabious media as biocarriers and anoxic process for reduction of
ammonia nitrogen and nitrate nitrogen concentration in the municipal wastewater sample
that is a mixture of sewage and septage from septic tanks from Yangon City. This fabious
media had never been used as bio carriers in the IFAS process for the treatment of very
concentrated municipal wastewater from Yangon City. In this research, ten experiments
were carried out so that the optimum treatment condition can be determined with five
different operational conditions by varying the amount of returned activated sludge and
anoxic residence time.

Collection of Wastewater Sample

The municipal wastewater samples required for running experiments in this research were
collected from the influent tank of the Wastewater Treatment Plant (WWTP) of Yangon
City Development Committee (YCDC). The samples were collected twice a month from
March 2018 to May 2018. Experiments were carried out by constructing lab-scaled
physical model at the Environmental Engineering laboratory of Yangon Technological
University (YTU).

Set-Up of Lab-Scaled Treatment System

The lab-scaled treatment system of this research consisted of two components. The first
component is the lab-scaled IFAS process and second one is the lab-scaled anoxic process.

The lab-scaled IFAS process was composed of one aeration tank with bio-carriers
known as fabious media and one sedimentation tank. The IFAS process is a process by
combining the fixed-film and the suspended activated sludge processes. The addition of
fabious media to the aeration basin can help to achieve better nitrifying efficiency by
obtaining the larger surface area for the attachment and growth of microbes and necessary
sludge volume without requiring larger volume of aeration tank than conventional
activated sludge process. The fabious media is made of polyester polypropylene with about
83% of porosity and each piece has cylinder with gear cross section. The diameter and
thickness of each piece are 8 mm and 8 mm, respectively. About 0.002 m® of bio-carriers
named fabious were added in a 0.016 m?® of aeration tank. The activated sludge sample
needed for acclimatization of aerobic microorganisms was collected from the WWTP of
YCDC and then, the sludge sample was mixed with the influent and fabious media for one
month. This aerobic reactor was made of acrylic with the length of 0.3 m, width of 0.15 m
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and depth of 0.38 m. The rate of aeration was about 0.0055 m®*min. In case of the
sedimentation tank, there were three parts which were inlet structure, settling tank and
outlet structure. The length, width and depth of inlet structure were about 0.3 m, 0.1 m and
0.46 m, respectively while the outlet structure was about 0.3 m long, 0.1 m wide and 0.3 m
high. The settling tank was about 0.6 m long, 0.1 m wide and 0.2 m high. The bottom of
the inlet structure and settling tank were inclined in order to dispose the sludge sediments.
The bed slope angle of the inlet structure and settling tank were about 25° and 10°,
respectively.

The lab-scaled anoxic process consisted of one anoxic tank with mixing system.
Although the anoxic tank is generally placed before aeration tank in most researches about
the removal of nitrogen from wastewater using anoxic-oxic process, in this study, the
anoxic tank was located between aeration tank and sedimentation tank so that the nitrate
nitrogen concentration obtained by nitrification process in the aeration tank can be reduced
in this anoxic tank by denitrification process. Since the wastewater had high concentration
of ammonia nitrogen, the anoxic zone had created after aerobic zone as mentioned in
Figure 1. The volume, length, width and depth of anoxic tank were about 0.018 m?, 0.25 m,
0.25 m and 0.36 m, respectively. The rate of mixing system was about 100 revolutions per
minute (rpm) to maintain the microbial solids in suspension without transferring oxygen to
the contents.

The aeration tank, anoxic tank and the inlet structure of sedimentation tank were
fed sequentially with the flow rate of 1 m®/day. The flow rate of influent entered into the
settling tank was controlled about 0.02 m®/d in order to get necessary horizontal velocity
that is less than the settling velocity of the sediments in wastewater. The outlet tap of inlet
structure of the sedimentation tank was adjusted to discharge the effluent from anoxic tank
that was stored in the inlet structure to the sedimentation tank with the flow rate about 0.02
m3/d. This flow rate cannot be controlled exactly because of the declining water level in the
inlet structure. The schematic diagram of this lab-scaled treatment system is shown in the
Figure 1.
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Figure 1. Schematic diagram of lab-scaled wastewater treatment system

Operational Condition of Lab-Scaled Treatment System

After one-month period of acclimatization process, the experiments were performed from
March 2018 to May 2018. Lab-scaled physical models were developed and ten
experiments were carried out using this developed model in Environmental Engineering
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laboratory of Yangon Technological University (YTU). The experiments were conducted
continuously every day and stopped after treating about 7 Litres of wastewater per time of
experiment in one day. However, the wastewater samples at every step of treatment
processes could be collected and determined their quality parameters once per week due to
the availability of lab facilities. About 2 to 3 Litres of Returned Activated Sludge (RAS)
was recycled to the aeration tank and about 1 to 2 Litres of RAS was recycled to the anoxic
tank through these ten experiments. In order to promote the removal efficiency of ammonia
nitrogen and nitrate nitrogen concentration, the experiments were performed with different
operating conditions by changing the amount of RAS and anoxic residence time, as
described in Table 1.

Table 1. Different Operational Conditions of Lab-scaled Treatment System

Operational IFAS Process Anoxic Process
Flow gat'e :12 Flow  Mixing R‘:Sl:g::lie
Condition Rate o 5" QJ/Qm Rate System Q/Qu ,
m¥ay SuPPL (m¥d)  (rpm) THme
(m’/day) (hours)

1 1 8 0.43 1 100 0 24

2 1 8 0.43 1 100 0 48

3 1 8 0.43 1 100 0 36

4 1 8 0.28 1 100 0.14 48

5 1 8 0.14 1 100 0.28 48

In condition no. 1, 2 and 3, the anoxic residence time (ART) to keep the contact
between aerobic microorganisms and nitrogen compounds in wastewater was controlled
about 24 hours, 48 hours and 36 hours with about 0.43 of recirculation ratio from the
sedimentation tank to the aeration tank. In condition no. 4, the experiments were conducted
with about 48 hours of ART in anoxic system with about 0.14 and 0.28 of Q//Qin ratio by
recycling RAS from the sedimentation tank to the anoxic tank and to the aeration tank,
respectively. In condition no. 5, the experiments were performed with about 0.28 of Q/Qin
ratio by recycling RAS to the anoxic tank and with about 0.14 of Q/Qin ratio by recycling
RAS to the aeration tank. The operating conditions were changed for every two
experiments. The oxygen required for aeration process was supplied with the rate of 0.33
mé/hr in terms of air at the room temperature.

The important control parameters of IFAS process such as biomass yield (Y),
endogenous decay coefficient (Kq), the substrate concentration at one-half of the maximum
growth rate (Ks) and the maximum rate of substrate utilization per unit mass of
microorganisms (K) were determined based on the values of Sludge Retention Time (SRT),
the ratio of food to microorganisms (F/M ratio or U) and soluble BODs of effluent (S) as
shown in Figure 2 and Figure 3 because these coefficient values can vary as a function of
the wastewater source, microbial population and temperature. The biomass yield is the
ratio of the amount of biomass produced to the amount of substrate consumed. In this
research, since the municipal wastewater contained a large amount of organic compounds,
the yield was based on a measurable parameter reflecting the overall organic compound
consumption such as BOD. The endogenous decay coefficient describes the loss in cell
mass per day due to the oxidation of internal storage products of energy for cell
maintenance, cell death and predation by organisms higher in the food chain. The
maximum specific growth rate of the bacteria is related to the maximum specific substrate
utilization rate (k). When the substrate is being used at its maximum rate, the bacteria are
also growing at the maximum rate.
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Figure 2 is a plot of the values of 1/SRT versus U obtained from the ten
experiments and this plotting gave a straight line. The slope of this straight line is the value
of Y and the intercept is Kq. Therefore, from the Figure 2, the values of Y and Kq can be
recorded as about 0.055 g VSS/g BOD and about 0.12 d*, respectively. Likewise, Figure 3
is a plot of the values of 1/U versus 1/S obtained from the experiments and one straight line
was obtained from this figure. The slope of this straight line is Ks/k and the intercept is 1/k.
As a result, Ks and k can be determined and they were about 340 mg/l and about 10 d?,
respectively. The variation of Y, Kg, Ks and k depending on the different concentration of
soluble BODs of effluent, and MLSS in the IFAS process are presented in Table 2. The
SRT and F/M ratio of the IFAS process were determined by using the Equations 1 and 2
according to [3] and [5]. The daily sludge disposal from the aeration tank was about 690
mg/l.
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Figure 2. Determination of Y and Kg through the relationship between SRT and F/M ratio
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Figure 3. Determination of Ks and k through the relationship between F/M ratio and
soluble BODs of effluent
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Table 2. Variation of Y, Kg, Ks and k in Different Experimental Conditions of IFAS
Process

Experimental Conditions of IFAS Process

Experiments MLSS Ul S SRT (g-:’{s S/ Ki; K; kl
(mgh)  (d7) (mgl) (days) g BOD) (@) (mgh (@)

1 5606 0.2 5.0 8.1 - - - -
2 4822 04 9.0 7.0 - - - -
3 4708 04 240 6.8 0.1 0.1 16 0.8
4 4922 0.3 8.0 7.1 0.1 0.1 21 1.0
5 5148 0.3 7.0 7.5 0.1 0.1 21 1.0
6 4114 09 24.0 6.0 0.05 0.12 48 2.0
7 5744 0.1 4.0 8.3 0.06 0.12 128 4.0
8 4550 0.6 17.0 6.6 0.05 0.12 320 10.0
9 4436 0.1 5.0 6.4 0.05 0.12 340 10.0
10 4574 04 16.0 6.6 0.06 0.12 340 10.0

SRT (days) = [Lbs/day of suspended solids in aeration basin]/[Lbs/day of EQuation 1
suspended solids wasted from the system]

U = Qin(So-S)/(V x MLVSS) Equation 2

Where, SRT = Sludge Retention Time (days), U = ratio of the food to
microorganisms (F/M ratio) (d), Qin = Influent flow rate (m*/day), So = Soluble BODs of
influent (mg/1), S = Soluble BODs of effluent (mg/1), V = Volume of aeration tank (m®)
and MLVSS = Mixed Liquor Volatile Suspended Solids concentration (mg/l).

In this research, the anoxic process was provided for denitrification and to
remove nitrogen compounds from wastewater. The determination of anoxic reactor’s
volume, required mixing rate and required mixed liquor recycle rate were considered in
this anoxic process. The volume of anoxic reactor was bigger about 1.13 times than that of
aerobic reactor. The mixing system was operated using motor with reduction gear and its
rate of mixing was about 100 revolutions per minute (rpm). The volume of recycled mixed
liquor to the anoxic reactor was estimated depending on the rate of denitrification.

Note: MLSS — Concentration of Mixed Liquor Suspended Solids (mg/l), U —
Food to Microorganisms ratio (d), S — Soluble BODs of treated effluent (mg/l), SRT —
Sludge Retention Time (days), Y — Yield of biomass growth (g VSS/g BOD), Kq -
Endogenous decay coefficient (d?), Ks - Substrate concentration at one-half the maximum
growth rate (mg/l) and k - Maximum rate of substrate utilization per unit mass of
microorganisms (d)

To achieve the denitrification process, the maintenance of the amount of aerobic
microbes under non aerated condition in the anoxic reactor is important factor because
these microbes consume the oxygen from the nitrogen compounds like NO3-N to create
free nitrogen gas that will escape to the atmosphere. The relationship between the specific
rate of denitrification (SRDN) and the food to microorganism ratio (F/M ratio) in the
anoxic zone was determined by plotting these two considerations in the linear trendline as
shown in Figure 4. The values of SRDN, F/M ratio, MLSS concentration in the anoxic
zone and NOs-N concentration before and after anoxic process are tabulated in Table 3.
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Figure 4. Relationship between SRDN and F/M ratio in the anoxic zone

Table 3. Experimental Conditions of Anoxic Process

Experimental conditions of anoxic process
Experiments MLSS F/M ratio SRDN Amount of NO;-N
(mg/l) (d'l) (g NO3-N/g MLSS -day) removal (mg/l)

5

6 3950 02 0.23 900

7 4872 0.3 0.26 1260

3 3874 0.3 0.27 1050

9 3592 0.3 0.29 1034

10 4562 0.3 0.27 1237
3500 0.7 0.33 1140

The specific rate of denitrification depends mainly on the organic loading rate,
the concentration of MLSS and the nature of the wastewater. According to the Figure 4, the
relationship between SRDN and F/M ratio in the anoxic zone can be recorded as shown in
the Equation 3. By using this equation, the mass of nitrate removed from the wastewater in
the anoxic tank can be calculated from the MLSS concentration and the F/M ratio in the
anoxic zone. The Table 5 and Figure 6 illustrate the results of the 5™, 6™, 7" 8™ 9" and
10" experiments that can reduce successfully the concentration of NOs-N in the anoxic
zone. Depending on the results described in Table 5, the maximum amount of NO3-N can
be reduced from the wastewater in the anoxic reactor at the 9™ experiment.

SRDN =0.171 F/M ratio + 0.2148 Equation 3
Where, SRDN = specific rate of denitrification in the anoxic zone (g NO3-N/g
MLSS-day) and F/M ratio = food to microorganism ratio in the anoxic zone (d*)
Analytical Process of Pollution Parameters

The influent wastewater sample and treated sample collected from every treatment step
such as aeration, anoxic and sedimentation was analysed in the Environmental Engineering
Laboratory of Yangon Technological University. The concentrations of biochemical
oxygen demand (BOD), chemical oxygen demand (COD), total suspended solids (TSS)
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were measured using the Standard Methods [1]. The concentration of ammonia nitrogen
(NHs-N) and nitrate nitrogen (NO3s-N) were determined by using photometer (YSI 9300).
The pH and temperature of wastewater sample were examined using the pH meter
(TRANS Instruments) and the thermometer (Brannan England BS 593).

Removal of Nitrogen Compounds from Municipal Wastewater

Depending on the outcomes of the experiments, the nitrification process of aeration system
can reduce successfully the ammonia nitrogen concentration at all operational conditions.
From this study, it was found that the reduction of ammonia nitrogen and nitrate nitrogen
depended on the concentration of MLVSS in the aeration and anoxic tanks as well as
anoxic residence time. Since the anoxic residence time for 1%t and 2" experiments were
about only 24 hours, both ammonia nitrogen and nitrate nitrogen cannot be removed well
during anoxic process. In 3" and 4™ experiments, the anoxic residence time were increased
to about 48 hours. However, the removal efficiency did not improve significantly. These
four experiments cannot remove well nitrogen compounds by means of aeration and anoxic
processes. Therefore, the anoxic residence time was raised to 36 hours for 5" and 6™
experiments. In these experiments, it was found that the removal efficiency of ammonia
nitrogen and nitrate nitrogen were slightly increased. The amount of returned sludge from
sedimentation tank to aeration tank did not change for above six experiments. In order to
determine the optimum operational condition and treatment efficiency of this treatment
system, the ratio of returned sludge flow rate and influent flow rate from sedimentation
tank to aeration tank and anoxic tank were changed as 0.28 and 0.14, respectively for 7%
and 8" experiments with 48 hours of anoxic residence time. During these experiments, the
removal efficiency of ammonia nitrogen was around 98% and 96%, and nitrate nitrogen
was around 78% and 89%, respectively. Then, the ratio of Qr and Qin were changed as 0.14
and 0.28 to aeration tank and anoxic tank from sedimentation tank for 9" and 10"
experiments with the same anoxic residence time of 48 hours. During these experiments,
the removal efficiency of both nitrogen compounds were around 94% and 92% for
ammonia nitrogen and around 98% and 97% for nitrate nitrogen.

According to the results obtained from the ten experiments using lab-scaled IFAS
process and anoxic process, the changes of ammonia nitrogen concentration and nitrate
nitrogen concentration in the influent and effluent with different operational conditions,
can be tabulated as shown in Table 4 and Table 5, respectively.

Table 4. Different Concentration of Ammonia Nitrogen in Influent and Effluent of
Lab-scaled Treatment System

Experiments Operational Influent Effluent Removal Efficiency

Condition (mg/1) (mg/l) (%)
1 1 120 30 75.0
2 1 90 30 66.7
3 2 80 30 62.5
4 2 60 20 66.7
5 3 3400 300 91.2
6 3 1500 100 93.3
7 4 1700 30 98.2
8 4 700 30 95.7
9 5 500 30 94.0
10 5 218 18 91.7
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Table 5. Different Concentration of Nitrate Nitrogen in Influent and Effluent of Lab-
scaled Treatment System

EiiieeiiEnts Operational Influent Effluent Removal Efficiency
Condition (mg/l) (mg/T) (%)
1 1 35 41 =
2 1 61 53 13.1
3 2 236 51 78.4
- 2 220 79.6 63.8
5 3 2700 950 64.8
6 3 2865 640 TIst
7 4 1880 415 71.9
8 4 2510 285 88.6
9 5 2600 61 97.7
10 5 2910 80 97.3

According to the results from these experiments, the concentration of nitrate
nitrogen in municipal wastewater cannot be reduced well due to inadequate anoxic
residence time in the anoxic tank although the ammonia nitrogen concentration can be
reduced well by aeration tank with fabious media. In order to get the optimum removal
efficiency for both ammonia nitrogen and nitrate nitrogen concentration, the adjustment of
MLSS concentration by recycling of returned sludge and the anoxic residence time by
varying the duration of mixing process in the anoxic zone was performed. The optimum
removal efficiency was obtained at the 9" experiment in which the removal efficiency of
ammonia nitrogen was around 94% and nitrate nitrogen was around 98%, respectively,
with 48 hours of anoxic residence time as well as about 0.14 and 0.28 of Q./Qin ratio for
aeration tank and anoxic tank. The different concentrations of ammonia nitrogen and
nitrate nitrogen in the influent and effluent and corresponding removal efficiency of this
lab-scaled municipal wastewater treatment system are illustrated in Figure 5 and Figure 6.
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Figure 5. Comparison of ammonia nitrogen concentration between influent and effluent of
lab-scaled treatment system with related removal efficiency
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Figure 6. Comparison of nitrate nitrogen concentration between influent and effluent of
lab-scaled treatment system with related removal efficiency

Conclusions

In IFAS process, the Sludge Retention Time (SRT) varied between 6.0 days and 8.3 days
and the Food to Microorganisms ratio (F/M) changed between 0.1 d*and 0.9 d* during the
experiments. In anoxic process, the effluent from the aerobic reactor was treated with
different anoxic residence times that are 24 hours, 48 hours and 36 hours with or without
recycling the Returned Activated Sludge (RAS) from the sedimentation tank to the anoxic
tank. From this study, it can be realized that the enough population of microbes to consume
oxygen from nitrate nitrogen in the wastewater should be maintained by adding RAS that
was around 10% of the volume of anoxic zone. Moreover, it can be seen that about 48
hours of ART should be provided in order to get the adequate reaction time between
microbes and nitrogen compounds in the wastewater. Finally, it can be concluded that the
maximum treatment efficiency of anoxic process was obtained in operational condition no.
5 after adding the two-third of the volume of RAS to the anoxic tank with 48 hours of
anoxic residence time. The optimum treatment efficiency was obtained in the 9
experiment with about 94.0% of NHs-N and 97.7% of NOs-N, respectively. In this 9™
experiment, the value of Y, Kq, Ks and k were about 0.05 g-VSS/g-BOD, 0.12 d*!, 340 mg/I
and 10 d, respectively in the IFAS process while the SRDN was about 0.27 g NOs-N/g
MLSS per day in the anoxic process. The ammonia nitrogen and nitrate nitrogen
concentration can be reduced from 500 mg/l to 30 mg/l and from 2600 mg/l to 61 mg/l in
this experiment, respectively. This study can prove that the concentration of ammonia
nitrogen and nitrate nitrogen in the municipal wastewater that has very high concentration
of BOD and ammonia nitrogen by using fabious media in the IFAS process as well as by
arranging anoxic tank between aeration tank and sedimentation tank. The treatment system
mentioned in this paper can be applicable for nutrient removal process of domestic
wastewater that has similar characteristics with the sampled wastewater used in this study.
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