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Abstract

Background: To control pollution, wastewater treatment from textile plays an important role in
treating wastewater to meet quality standards before it is discharged into the environment. Without
properly treated wastewater from the textile industry, it contains organic and inorganic pollutants that
cause environmental problems such as water pollution, loss of marine life, and soil and air pollution.
The aim of this study was to design and simulate a textile sewage treatment plant.

Methods: This study was conducted by simulating the process and operation of a wastewater treatment
plant using STOAT software. In addition, STOAT’s graphical and static data analysis models are
efficient in removing multi-component pollutants from the textile industry.

Results: Some pollutant parameters prior to the design model are suspended solids (SS) (260 mg/L), DS
(3600 mg/L), ammonia (65 mg/L), biochemical oxygen demand (BOD) (430 mg/L), nitrate (35 mg/L),
and dissolved Oxygen (DO) (12 mg/L). The wastewater of the simulation result of the sewage treatment
plant model contained SS (3.3 mg/L), ammonia (25 mg/L), BOD (4 mg/L), nitrate (61.3 mg/L), and the
removal percentage of total suspended solids (TSS), BOD, and Ammonia was 99.75, 99.1, 61.33 mg/L,
respectively. Through the treatment process, Ammonia was oxidized and nitrification was processed
rather than denitrification.

Conclusion: Using the stoat modeling software, wastewater treatment plant design is very effective in
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removing contaminants from textile wastewater by selecting specific parameters.
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Introduction
Wastewater treatment is a broad term that refers to a
process, operation, or combination of processes and
operations that can reduce the unpleasant nature of waste
carrying water and reduce its danger and resilience to
humans (1). Wastewater from various manufacturing
stages of the textile industry has high pH values,
temperatures, detergents, oils, suspended and dissolved
solids, dispersants, leveling agents, degradable and non-
biodegradable substances, dyes, biochemical oxygen
demand (BOD), chemical oxygen demand (COD),
contains nitrogen and sulfites as NH,*, (SO,)*, sulfate
(SO4)*, phenol, lead (Pb*), cadmium, Hexavalent
chromium (Cr®"), copper (Cu**" Nickel (Ni**), zinc (Zn?*),
and Free or residue chloride (2). Such contaminated
sewage can cause environmental problems if not properly
treated before it is released into the environment.

The estimated daily release of sewage from the Ayka
Addis textile industry, which contains approximately 1200
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m?/day of high concentrations of reactive dyes used in the
Ethiopian industry, poses major environmental problems
(3). Pollution from domestic and industrial activities
is a major threat to Ethiopia’s surface and groundwater
quality, according to the EEPA report in 2016 (4). Most
of the country’s industry is reported to dump sewage into
nearby waters and open up land without any treatment
(5). However, the survival of ecosystems depends on their
ability to manage waste in an environmentally sound
way (6). This can only be achieved by establishing and
implementing appropriate standards and guidelines to
ensure that the environment is not destroyed (6).

Textile wastewater released for industry must be treated
before it can be reused or disposed for several reasons.
These reasons include: i) Non-biodegradability of organic
dye present in wastewater, ii) High COD, BOD, and
total dissolved solids content (TDS) of wastewater (7).
The purpose of using sewage treatment operation and
analysis over time (STOAT) simulations is to identify the
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parameters that have the greatest impact on changes in
the quality of the wastewater produced and to make long-
term predictions of the ability of sewage treatment plants
to purify wastewater (1). However, achieving the quality
of effluent that is following regulations is also challenging.
Various problems faced by wastewater treatment plant
operators, such as (i) improper design of hydraulics and
heavy loads, (ii) mechanical equipment problems, (iii)
inadequate operation, maintenance, and troubleshooting,
may cause poor removal efficiency. In addition, the
deterioration of wastewater quality due to population
growth and changes in land use must be taken into account.
Some EPA guidelines for the textile wastewater discharge
into the environments are shown in Table 1.

The parameters that highly changed by performance of
the wastewater treatment plant STOAT model simulation
designs are COD, BOD, dissolved oxygen (DO), total
suspended solids (TSS), and potential hydrogen (pH)
(10,11). The investigated effluent parameters are flow rate,
soluble BOD, TSS, particulate BOD, volatile suspended
solids (VSS), DO, and non-VSS, after a retention time of
48 hours (12).

This study was done because few textile industries have
sewage treatment plants and some plants in developing
countries are not functioning at all. The aim of this study
was to evaluate the disposal efficiency, dealing with the
simulation operating parameters, and design sewage
treatment plants in the Ayka Addis textile industry, which
releases the multi-components pollutants beyond the EPA
limit concentrations. STOAT has evaluated the operating
parameters of the main effects of pollutant removal in
primary sedimentation, aeration, and clarification tanks.
The simulation model depends on the concentration of
pollutants released by the industry and the EPA of the
treatment applications. This wastewater treatment plant
was selected as a case study due to its huge capacity (up to
1200 m*/day) and its essential role in the Ayka Addis textile
industry. Minhaj and Adhiraga Pratama conducted a study
in 2020 in Indonesia entitled “Modeling performance of
industrial park wastewater treatment plant by STOAT

Table 1. Some EPA guidelines for the textile wastewater discharge into
the environments (8, 9)

Maximum limits of textile

Item effluent value

Temperature 10°.C.< Average temperature of the
recipient

pH 6-9

BOD 50-100 mg/L

COD 150-200 mg/L

TSD 80-110 mg/L

TSS 40-60 mg/L

Suspended solids 40-80 mg/L

BOD, biochemical oxygen demand; COD, chemical oxygen demand; TSS,
Total dissolved solids; TSD, Total dissolved solids.

software (1). Hassan and Mostafa conducted a study in
2019 in Egypt entitled “Improving the performance of
SBR WWTP under the effect of organic shock load using
STOAT software”.

Methods

The raw sewage was collected from a textile industry
called the Ayka Addis Textile and Investment Group in
Addis Ababa, Ethiopia. Samples were collected directly at
the exit of the static screen. STOAT is one of the sewage
treatment plants modeling software used primarily
to predict the performance of sewage and is ideal for
simulating wastewater treatment plants, which took three
days to complete the simulation.

Data analysis

STOAT hasbeen developed in 1989 asa PC-based software
package that integrates a dynamic model of the wastewater
treatment process as a series of research projects (13).
The top priority was to investigate the feasibility of
dynamic modeling of the entire sewage treatment plant
by simulating individual sub-processes. The dynamic
modeling of wastewater treatment plant processes is to
establish better planning and operational procedures and
gain significant cost effective. The inflow data obtained
through measurement results and sample tests are
analyzed by WRc STOAT version 4.3. The units used
for simulation and sensitivity analysis remain the same,
but the discharge values, load parameters, operation, and
process parameters are changed. The wastewater inflow
data used in BOD modeling are adjusted from the state
of on-site drainage from both emission values, BOD and
volatile solids values. The runoff value itself is determined
from the average wastewater runoff measurement of the
textile wastewater treatment plant, but the BOD and
volatile solid values are obtained from inspections of
wastewater samples taken during the survey.

Therefore, a simulation process is needed to validate the
model to ensure that the conditions and effluent generated
by the STOAT model match the on-site conditions and
effluent. The inflow data used in STOAT modeling are the
data obtained through measurement results and sample
tests. The units used for simulation analysis remain the
same, but the discharge values, load parameters, operation,
and process parameters are changed. STOAT operates ata
flow rate of 1000 m*/h. As shown in Table 2, the required
parameters are COD, BOD, ammonia nitrogen (NH,-N),
total nitrogen (TN), total phosphorus (TP), and TSS,
which varies between 127 and 360, 93 and 219, 11 and 47,
21 and 58, 2.64 and 6.24, 114, and 227 mg/L, respectively
(14).

Sampling protocols and reagent uses
Sampling was performed at three points: Before the bar
screen plant where the wastewater was untreated, after
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Table 2. STOAT parameters of influent into ditch

Parameter  Units Max Min Average References
Flow m3h 1000 1000 1000

TSS mg/L 227 114 173

pH 7 7 7

Temperature °C 15 15 15

COD mg/L 364 127 256 (14)
BOD mg/L 219 93 158

™ mgN/L 58 21 42

NH, mgN/L 47 1 31

TP mg/L 6.24 2.46 3.98

BOD, biochemical oxygen demand; COD, chemical oxygen demand; TSS,
Total dissolved solids; TN, total nitrogen; TP, total phosphorus

the primary treatment plant, after the pretreatment with
extremely high parameter removal efficiency, and after the
secondary treatment. It was treated at the receiving water
before the treatment plant or wastewater was discharged.
The sampled raw sewage was analyzed and characterized
by a turbid meter, muffle furnace, electronic weighing
balance, and evaporation tray. Chloride and bicarbonate,
NO,, CN, sulfide, Br, I, chlorite, and chlorate were used
to measure nitrates in weight ratios of NO,-N> 10 and>
5. Standard 0.02 N sulfuric acid containing boric acid
indicator solution was used for ammonia measurement.
Data inflows were established for modeling using plant
inflow data collected from wastewater. Suspended solids
data were reported as VSS and total solids, and BOD data
were reported as soluble and total BOD. Ammonia data
was supplied as soluble NH,-N and could be entered
directly into the model feed. TKN was total nitrogen used
in combination with ammonia-soluble data to provide
the organic nitrogen status required for the model.
Simulation dimensions of plant processing for the primary
tank (volume 700 m?, area 250 m?), for the aeration area
(volume 630 m?), and for the secondary sedimentation
tank(volume 350 m’, depth 4 m) were determined.

Primary tank

The simulations were used to determine the primary
settlement tanks expect the removal of BOD particles from
wastewater, settleable VSS, and non-volatile configurable
solids. Simulation data analysis was performed at three
locations: Before the bar screen plant where the wastewater
is untreated, after the primary treatment plant, which
is the point after the pretreatment with extremely high
parameter separation efficiency, and after the secondary
treatment. It was treated at the receiving water before the
treatment plant or wastewater was discharged.

Activated sludge plant

Simulation data analysis was done at three different points:
The wastewater treatment inlet, the pretreatment plant
outlet, and the wastewater outlet before it were discharged

into the body of water. The simulation parameters that
were checked during the removal of this sampling are SS,
BOD, and NH,-Nby microbial activity in an activated
sludge tank and used to assess the capacity of an activated
sludge treatment plant (15).

Aeration tank

The rate of oxygen transfer at each aeration stage was
determined by the amount of oxygen transferred by the
surface aeration device (16). In the aeration tank, the first
stage operates at a high rate of oxygen transfer and the
oxygen is direct injects by pressure through the line of
oxygen inlet. The concentration of saturated oxygen was
limited to 40 mg/L (where the global oxygen saturated
concentration of 30 mg/L is required for the mixed liquor
in stages 4 and 3, where only the oxygen is absorbed in the
space head) (17). In stage 1, surface aerator was typically
turned off at the high oxygen transfer rate achieved in
stage 1 when the gas was turning into a liquid. For stage
2, it was assumed that the oxygen concentration in the
space head will be higher than in stages 3 and 4, giving an
oxygen saturation concentration of 40 mg/L in the mixed
liquor. The model predicted that much of the BOD would
be consumed in the first stage, resulting in a predicted DO
concentration of 0.5 mg/L or less. This is similar to what
was measured at stage A of the aeration tank during the
intensive survey.

Results

Characteristics of textile wastewater effluent

The wastewater sample collected had a bad odor and an
alkaline bluish tinge because the pH was measured to be
8.9. This indicates that wastewater has high alkalinity and
high light absorbance. Such wastewater can be discharged
into the environment without treatment and can damage
animals and plants. High alkalinity is a measure of
the strength of wastewater from the dyeing process.
Table 3 shows the physicochemical properties of raw

Table 3. Physicochemical properties of raw wastewater collected from the
textile sewage

Parameters measured Unit Value
pH 8.9
Turbidity NTU 80
Total solid mg/L 3600
Total suspended solid mg/L 1200
Total dissolved solid mg/L 1800
Total volatile solid mg/L 600
Soluble biochemical oxygen demand mg/L 250
Particulate oxygen demand mg/L 180
Ammonia mg/L 65
Nitrate mg/L 35
Dissolved oxygen mg/L 12
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textile wastewater collected from the Ayka Addis textile
industry. Inflow and outflow wastewater is continuously
collected, and wastewater characteristics are standard
for COD, ammonia, nitrate, total suspended solid, total
dissolved solid, and suspended solids (SS), etc. It was
analyzed according to the method represented by Wang
etal (18).

This means that the wastewater is highly polluted and
requires further treatment. These high levels exceed the
EEPA permissible wastewater values for discharge to water
bodies, so that high concentrations of pollutants in textile
wastewater have a significant impact on the environment.

Sampling was performed at three points to determine
the efficiency of separation for each processing unit and
the entire processing plant. In Figure 1, the numbers 1 to
8 represent the stream number of the treatment center
entrance and external operations. As shown in Figure 1,
the standard model sampling of wastewater treatment was
done at three different points: The primary sedimentation
or wastewater treatment inlet (connected with streams
1, 2, and 3), the pretreatment plant outlet or clarifier,
aeration (connected with streams 2, 4, 5, and 7), and the
wastewater outlet before it was discharged into the body
of water or sludge sedimentation section (connected with
stream 5, 6, 7 and 8).The parameters checked during this
sampling are ammonia, nitrate, BOD, COD, and TSS.

Removal efficiency

After determining the value of each parameter at each
sampling point, the allowance efficiency value was
calculated by the processing unit. The removal efficiency
of the entire sewage treatment plant was calculated
according to Eq. (1):

E=S"% 00 ()

C,

i

Where, E is the removal efficiency, C, is the inflow
concentration (mg/L), and C fis the outflow concentration
(mg/L).

The flow rate of wastewater taken from continuous
release of Ayka Addis textile industry with high
concentration SS, BOD, and Ammonia, and lower nitrates
are shown in Table 4, theoretically data survey, and lab
tests. This wastewater directs inters to primary tank or

stage 1 shown in Figure 1.

TSS, total BOD, and soluble BOD were constant
with the flow rate, and the only changes were related to
dynamic stream flows.

The wastewater flows through stream 2 from the
primary treatment tank declines the concentration of
TSS from 1761.21 to 300 mg/L on average. The total BOD
increases from 420 to 660 mg/L on average, indicating
that favourable conditions happen in the primary
sedimentation tank for microbial development.

The soluble BOD, TSS, total BOD were the minimum
and nitrate contents increase by decreasing ammonia
values at the effluent stream shown in Table 5. The total
BOD, TDS, and total suspended solid all most all were
removed by practical treatment modeling simulation
as shown in Figure 1. The removal of these pollutant
components were emphasized through activated sludge
process and sedimentation, primary tank or in the first
stage the high denser of SS and partial of the settle able
BOD were removed. At secondary sedimentation tank or
stages one to eight also the process of separation, which
most suspended solid and particulate BOD removed as
sludge. There were no removal processes in the aeration
section; it was only the system of microbial development
by the suspension growth process. Most of the dissolved
and suspended organic materials were consumed by
microorganisms in the aeration tank system by partial
recycling sludge process. The treatment plant model
simulation efficiencies were 99% for BOD removal
and 99.8% TSS at effluent, which is the efficiency and
highest efficiency relative to preview articles (1). At
the outlet model stream, the ammonia concentration
decreases while nitrate concentration increases and
the overall treatment model sows the nitrification
process. The outlet-treated water is recommended to
use for agricultural purposes and nitrate contents uses
as fertilizer. Nitrification is a biological process by which
aerobic bacteria oxidize ammonium to nitrate. Nitrifying
bacteria oxidize ammonium ions (NH*") to nitrite (NO?),
and then, oxidize nitrite to nitrate (NO*) (19).

The wastewater treatment plant model simulation results
in high-efficiency removal of total solids and BOD. There
was a regular pollutant constituent with dynamic outflows

Activated sludge aeration tank 1

Secondary sedimentation tank 2

Liguid effluent 1

Primary tank 1
-
Influent 1
3
7
Sludge 1

Sludge 2

Figure 1. Model design simulation of wastewater treatment plant basic components.
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Table 4. Summary characteristics of wastewater inlet of the model for wastewater treatment plant

Flow (m3/h) Total SS (mgl/L) Total BOD (mg/L) Ammonia (mg/L) Nitrate (mg/L) Soluble BOD (mgl/L)

Mean 48.92 1761.21 420.73 63.6 34.25 244.61
Standard deviation 19.15 689.26 164.66 24.89 13.4 95.73
Total mass (kg) 4756.08 1136.17 171.75 92.48 660.57
Peak load (g/s) 55.93 13.36 2.02 1.09 7.77

Table 5. Sludge effluent flow properties of wastewater after treatment plant models at stream 6

Flow (m*/h) Total SS (mg/L) Total BOD (mg/L) Ammonia (mg/L) Nitrate (mg/L) Soluble BOD (mg/L)

Mean 42.66 3.3 3.72 25.33 61.33 2.98
Standard deviation 18.03 1.14 0.96 23.05 34.55 1.13
Total mass (kg) 6.736 7.94 58.916 118.955 6.439
Peak load (g/s) 0.08 0.09 1.173 1.646 0.089

—#— Total SS (mgl/l)

—¥#— Total BOD (mg/l)
—&— Ammonia (mg/l)
—— Nitrate (mg/l)

50
Elapsed time (hours)

Figure 2. Wastewater dynamic flows from plant treatment simulation to environment.

—#— Total SS (mg/l)

—#— Total BOD (mg/l)
—&— Ammonia (mgfl)
—i— Nitrate (mgfl)

o] 10 20 30 40 50

Elapsed time (hours)

Figure 3. Continuously dynamic flow of wastewater to the treatment plants with pollutant properties.

Environmental Health Engineering and Management Journal 2022, 9(3), 213-221 | 217



Akuma et al

Total SS (mgll)
Total BOD (mgll)
Ammonia (mgfl)
Nitrate (mg/l)

10

Elapsed time (hours)

100

Figure 4. The dynamic flow of wastewater from primary treatment section at stream 2.

Table 6.The outlet Sludge 1 flow and its properties

Flow (m3h) Total SS (mg/L) Total BOD (mg/L) Ammonia (mg/L) Nitrate (mg/L) Soluble BOD (mgl/L)
Mean 1.37 51406.25 4526.49 63.6 34.25 244.61
Standard deviation 0.89 7577.72 861.16 24.89 13.4 95.73
Total mass (kg) 3453.74 313.40 5.18 2.79 19.93
Peak load (g/s) 39.50 4.86 0.07 0.04 0.28

and the nitrate was risen up exponentially with elapsed time
and the maximum at the end of elapsed time while Ammonia
rapidly declines with elapsed time shown in Figure 2.

The outlet Sludge 1 flow and its properties are shown
in Table 6.

There are insufficient changes of pollutants
concentration at inlet stream, and TSS are the highest
pollutant concentration shown in Figure 3. The decline
of total suspended solid at stream 2 results in the settling
efficiency by primary settlement tank and microbial
consumptions in suspended solids and the total BOD
increases from 420 to 660 mg/L on average, indicating that
favorable conditions happen in the primary sedimentation
tank for microbial development as shown in Figure 4.

There were high SS and BOD concentrations with little
flow rates of sludge and there were no more biological
reactions in this stage, the only denser materials settled
down and collected the sludge at stream 3 are shown in
Figure 1. Also, there were no more changes of ammonia and
nitrate generation with elapsed time shown in Figure 5 for
the case of absence of biological reaction there. And there
were no more nitrification and denitrifications in stream 3.

The flow rate of the sludge was insignificant to indicate
on graph due to small value while the graph used high scale
values for measuring TSS and BOD in-stream as shown
in Figure 5. The amount of BOD and Ammonia in this
stream was similar to the influent stream and was constant

with elapsed time, indicating that no microbial activities at
less detention time in the primary settlement tank.

The outflow properties of sludge at stream 8 are shown
in Table 7.

The TSS and BOD were the major sludge constituents
in stream 8 as shown in Figure 1. The highly rising
concentration of TSS and BOD results from conditions,
the first was microbial developments and aeration
processes in the activated sludge aeration tank, and
the second was liquor thickening at the bottom of the
secondary sedimentation tank.

The highest TSS and nitrate recovery in this little
dynamic sludge flow rate with elapsed time is shown in
Figure 6. The maximum total suspended solid in sludge
was 6000 mg/L, which was specified or limited in the
sludge zone.

Wastewater treatment simulation overall and stream
mass balance
Having the conservations of mass, every component of
pollutants in wastewater was balanced using automatic
stream balance shown in Table 8. The overall balance
shows the treatment efficiencies or removal efficiencies
while the stream balances show or determine the
operations and conversions.

As shown in Table 8, the material balances indicate
2.4 kg ammonia, 8.4 kg nitrate, and 624.48 kg suspended

218 |
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400

= Flow (m*h)
= Total S5 (mg/l)

300 = Total BOD (mg/l)
= Ammonia (mg/)
— Nitrate (mg/l)
20 Soluble BOD (mgf)
Total dissolved solids (mg/)
10
0 10 20 30 40 50

Elapsed time (hours)

Figure 5. Sludge flow properties through the stream 3 with elapsed time.

Table 7. Outflow properties of sludge at stream 8

Flow (m?h) Total SS (mg/L) Total BOD (mg/L) Ammonia (mg/L) Nitrate (mg/L) Soluble BOD (mgl/L)

Mean 4.9 5095.02 1123.29 20.24 68.56 2.61
Standard deviation 0.72 876.97 196.40 245 36.98 1.29
Total mass (kg) 1222.81 269.59 4.86 16.45 0.63
Peak load (g/s) 8.08 1.87 0.09 0.14 0.01

—#— Total SS (mg/l)

—#— Total BOD (mg/l)

—&— Ammonia (mg/l)

—&— Nitrate (mg/l)

50

Elapsed time (hours)

Figure 6. Sludge flow properties in stream 8 with elapsed time.

solids per day were generated through stream 8. Even the
major component of sludge released from plant simulation
design was organic SS, which is easily converted to plant
organic nutritional contents. These sludge components
are necessary for plant nutritional values; ammonia was
converted into the nitrate by the nitrification reaction
process.

2NH,' + 30,5 2NO, + 2H* + H,0

2NO, + 0,» 2NO,

The NO, ion forms are the highest nutritional plans,
which freely flow through soil and plant organs (20).
It also represents an important economic inefficiency,
because producers apply excessive amounts of fertilizer to
compensate for the leaching (21).

Environmental Health Engineering and Management Journal 2022, 9(3), 213-221
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Table 8. Overall mass balance on the treatment simulation design

Parameter Stream 1 Stream 2 Stream 3 Stream 5 Stream 6 Stream 7 Stream 8
Av. flow (m3/h) 49.96 48.56 14 128.56 43.56 80 5
Av. Temp (deg. C) 15 15 15 15 15 15 15
Av. BOD (mg/L) 483.83 377.85 4764 763.58 3.88 1147.19 1147.19
Av. COD (mg/L) 483.83 377.85 4764 763.58 3.88 1147.19 1147.19
Av. SS (mg/L) 2025.34 595.07 52500 3409.11 3.29 5203.43 5203.43
Av. NH, (mg/L) 73.14 73.48 78.78 8.44 28.77 20.67 20.67
Av. NO, (mg/L) 39.38 39.57 42.42 89.63 58.1 70.02 70.02
Av. TN (mg/L) 112.52 113.05 121.21 98.07 86.87 90.69 90.69
Av. BOD (kg/h) 2417 18.35 6.67 98.17 0.17 91.78 5.74
Av. COD (kg/h) 2417 18.35 6.67 98.17 0.17 91.78 5.74
Av. SS (kg/h) 101.19 28.9 73.48 438.29 0.14 416.27 26.02
Av. NH, (kg/h) 3.65 3.57 0.1 1.09 1.25 1.65 0.1
Av. NO, (kg/h) 1.97 1.92 0.06 11.52 2.53 5.6 0.35
Av. TN (kg/h) 5.62 5.49 0.17 12.61 3.78 7.26 0.45

Discussion

There are insufficient changes of pollutants concentration
at inlet stream, and TSS are the highest pollutant
concentration shown in Figure 3. The decline of total
suspended solid at stream 2 results in the settling efficiency
by primary settlement tank and microbial consumptions
in suspended solids and the total BOD increases from
420 to 660 mg/L on average, indicating that favorable
conditions happen in the primary sedimentation tank for
microbial development as shown in Figure 4. There was
a regular pollutant constituent with dynamic outflows
and the nitrate was risen up exponentially with elapsed
time and reach the maximum level at the end of elapsed
time while ammonia rapidly declined with elapsed time as
shown in Figure 2. TSS at effluent is the effective and the
most efficient in the removal relative to preview articles
(22). There were high SS and BOD concentrations with
little flow rates of sludge and there were no more biological
reactions in the primary settlement tank, the only denser
materials settled down and collected the sludge at stream
3 as shown in Figure 1. Also, there were no more changes
of Ammonia and nitrate generation with elapsed time
shown in Figure 5 for the case of absence of biological
reaction there, and there were no more nitrification and
denitrifications in stream 3.

At secondary sedimentation tank, microbials were
not functional to consume pollutants because of they
loaded by TSS and BOD. Also, the amount of ammonia
reduces from 65 to 20 mg/L while nitrate increases from
35 to 69 mg/L in outlet sludge as shown in Table 6. This
sludge waste is recommended for fertilizer concern of
nitrates rather than Ammonia concern fertilizers (23).
The maximum total suspended solid in the sludge was
6000 mg/L, which was specified or limited in the sludge
zone as shown in Figure 6. Table 9 shows that the overall
removal efficiency of the textile wastewater treatment
plant exceeds 99% and that the quality of the wastewater

meets established quality standards. In other words,
wastewater from the textile wastewater treatment plant
meets the requirements and can be safely disposed of in
the water body. Comparing this removal efficiency results
with those of similar studies, it has better improved the
removal efficiency of the textile industry (the tolerable
efficiency of the new BOD is 99.1% from 90% and the TSS
parameter of 99.75% from 96.12%) (1).

The pollutant parameters measured in the raw
wastewater listed in Table 3 were completely removed by
plant-designed model simulations at outlet stream 6. The
wastewater treatment plant design simulation model was
efficient for the selected pollutant parameter.

Conclusion

The aim of this study was to evaluate the removal
efficiency and operating parameters of the textile
wastewater treatment plant. The STOAT modeling of this
study is very efficient in removing contaminants from
textile wastewater by selecting specific parameters. The
result of this sewage treatment plant is simulation model
of wastewater and sludge recovery units. The effluent
water to the environment pollutant containing was very
lower pollutant parameter than the recommended EPA
limits. The sludge recovery from the treatment plant
simulation model was higher in nitrate than ammonia,
which shows that Nitrification bacteria were major
factionalized rather than denitrification bacteria in the

Table 9. Summary of parameter comparison of wastewater treatment plant
(WWTP) model simulation efficiency

Before  After EPA limits
Parameter Efficiency (% References
(mgl)  (mgl) YO g
TSS 1200 3 99.75 50
(1)
BOD 430 4 99.1 70

BOD, biochemical oxygen demand; TSS, Total dissolved solids.
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treatment unit operations. The recovered sludge was
harmless to the environment and it was recommended
for the agricultural area as fertilizer. Based on the water
samples, BOD, TSS, and COD removal efficiencies were
99.1%, 99.75%, and 99%, respectively, and have met
the effluent standards. When compared these removal
efficiency results with those of similar studies, it has better
improved the removal efficiency of the textile industry
(the tolerable efficiency of the new BOD is 99.1% from
90% and the TSS parameter of 99.75% from 96.12%).
Overall, STOAT software is a convenient and reliable tool
for predicting and optimizing removal efficiency.
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