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Basrah city in particular, and southern Iraq in general, is exposed to water scarcity and as
well as to a severe saline tongue. That is why we must treat the wastewater before it is
discharged into nature, leading to surface water and groundwater pollution and
endangering human resources and fish wealth.

And from here, the idea of sewage treatment in Basrah city before being dumped in
the Shatt al-Arab by sequencing batch reactor (SBR) instead of the conventional activated
sludge process.

This research aimed to manufacture a sequencing batch reactor (SBR) system that
operates in one tank for all the necessary removal processes instead of the conventional
activated sludge processes (ASP) that works to accomplish the removal operations by
separate tanks for each function.

The tests were carried out for the influent and effluent from the manufactured
wastewater treatment system through varying hydraulic retention times for seven different
cycles and controlled by the Arduino board, where the removal efficiency was 95, 95, 92

and 95 for COD, NH4, TN and PO4, respectively.

1. INTRODUCTION

Due to its high-efficiency level, the activated sludge
system is currently the most widely used method for
treating wastewater. Pollutant reduction occurs
during the activated sludge process thanks to
suspended biomass. Nitrogen, phosphorus, and
organic waste are reduced using activated sludge
reactors. Numerous varieties, such as the sequencing
batch reactor, have been created (SBR). The biological
and chemical reactions that happen in the reactor are
described by differential equations called "activated
sludge models." Essential elements of the process
examined by the models include control, design, and
simulation of activated sludge reactors. [1 and 2]

A sequencing batch reactor (SBR) is a single-
tank, time-controlled sludge system that uses the fill,
react, settle, draw, and idle process steps. The SBR is
made up of a single vessel with a pipe for wastewater
inflow, air diffusers with a compressor and pipes for
aeration, sludge drawing equipment for draining
sludge, decant equipment for drawing supernatant
effluent, a stirrer (mixer) for inducing aeration, and a
control system for operation control with regard to
time and sequence. [3, 4 and 17]

Sequencing batch reactor technologies have
been developed recently because wastewater
treatment requires strict regulations to obtain
treated water with appropriate characteristics and
low environmental pollution. SBR is a single unit
combining aerobic and anaerobic stages. It saves 25%

of the aeration processes associated with low sludge
production and nitrogen and phosphorous removal
by adjusting the actual operation cycle. [5, 6, 7 and 8]

The sequencing batch reactor technology is the
most suitable and best for the activated sludge
process (ASP). Due to its flexibility and ability to
obtain the best standards for the effluent to be
discharged, the conventional biological treatment
process for wastewater has become more stringent
and faces significant challenges. The SBR process
achieves high-quality nutrient removal in a short
amount of time while saving more than 60% of the
operational costs needed for a conventional ASP; as a
result, the SBR process has recently experienced
tremendous popularity. [9 and 10]

The biological process was developed using a
series batch reactor with five tanks (anaerobic - oxic
/anoxic) to fluctuate the concentrations of organic
substances and nutrients in the reactor. Where the
operational cycle was divided into two parts, and each
piece was divided into eight periods, which were as
follows: (90,60,60,30,90,60,60 and 30) minutes in the
Hydraulic retention time for 16 hours, the air/water
ratio is 35%, and solids retention time is 21 days
under a temperature of (19-23) oC. [11]

Industrial effluent was treated using the
sequencing batch reactor. Because it is simple to use
and keeps a high biomass concentration, it has been
proven efficient in treating this effluent from various
industries. [12 and 16]
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At various particular nutrient input rates,
nutrient removal from synthetic wastewater by
sequencing batch operation was examined (SNLR).
Anaerobic (An), anoxic (Ax), oxic (0x), anoxic (An),
and oxic (Ox) phases with hydraulic residence times
(HRT)of2/1/4.5/1.5/1.5 h, respectively, made up the
five steps of nutrient removal in a sequencing batch
reactor (SBR). All studies employed a 45-minute
settling phase to wrap up the process. [17]

The initial purpose of sequencing batch reactors
(SBR) was to remove phosphate and COD from
wastewater. SBR systems have been adapted to
achieve nitrification and denitrification, coupled with
COD and phosphate removal, in response to current
laws on nutrient discharge limitations. The fill, react,
settle, decant, and idle processes are all included in
the sequencing process used by SBR treatment
systems. The stages in the reaction cycle are changed
to give anaerobic, anoxic, and aerobic phases in a
certain number and order when biological nutrient
removal is needed. [17, 18, 19 and 20]

2. Manufacture of Sequencing Batch Reactor
(SBR):

In this study, a sequencing batch reactor was
built in the laboratory with a volume of (55 litres) and
dimensions (46 * 30 * 40) centimetres. Two tanks
were added, one for feeding the reactor with a volume
of (60 litres) and the other for discharging the reactor
with a volume of (60 litres) from both sides. Pumps
were added to fill the reactor and create a mixer to
mix wastewater and complete chemical reactions.
Finally, a system of copper tubes was made and
placed inside the reactor. Precise orifices were made
in these tubes to prepare air for aeration operations
through a pump that blower air. [13]

In the reactor, a hole was made to discharge
(effluent) with an automatic valve to empty the
wastewater into the second tank. The Arduino control
panel was used to control the sequencing batch
reactor times from the time of aeration, mix, settling
and discharge by programming this electronic
painting, as shown in Figure (1) and figure (2).

In figure (1), the schematic model of the reactor
represents, and as mentioned earlier, the system
consists of three tanks for feed, react and decant,
where the first tank is filled. Then the pump works to
serve the second tank for the mixing and aeration
operations to begin through the mixer and ventilation
tubes in the second tank until the allotted time is
completed For these operations and then opens the
automatic valve for the purpose of draining the
wastewater to the third tank, which will be
discharged for settle and according to the specific
impact of this process.

Figure (2) represents the tangible form of the
system that was made in the laboratory, which

consists of glass tanks, plastic and copper tubes,
water pumps, and a blower shown in Figure (3),
which pumps air at a rate of 2000 litres/sec and
operates at a power of 20 watts and 220 volts.

Figure 3. Blower motor

3. The Programmable Control Panel (PCP):

In this project, an Arduino panel was used that
connects to all pumps and valves in the reactor
system. Figure (4) represents the Arduino control
panel, which is a programmable board that was
programmed in (Arduino C) language to provide the
required time sequence for the operation of the
sequencing batch reactor system and to work 24
hours and during five stages (fill, react, decant, settle
and idle) and with different time periods to achieve
the purpose for which it The system was designed.
Note that pumps need a current 220 V and cannot
connect directly to the Arduino panel. Thus pumps
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and valves are connected to the Arduino board
through an eight-relay module Arduino panel to get
data from computer communication. [13, 14, 15 and
16]

Figure 4. Arduino Panel
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that was brought up from the Hamdan Sewage

Treatment Plant in Basrah City and reuse the treated

water to maintain the environmental sustainability.

Particularly given that Basrah City is currently

experiencing water scarcity and is affected by salinity.
The table below shows the concentrations of the

substances investigated for removal.

Table 1. Raw wastewater characteristics (influent)

Parameter Unit Range Value
CoD mg/l 200 - 540 370
TN mg/l 32-88 60

N - NH4 mg/l 11.2-37.12 | 24.16
P -P04 mg/l 4-7.7 5.85
PH —— | 6.87-8.80 7.30
Temperature | °C 40 -46 43

Sequencing batch reactor operations are divided
into five stages: (fill, react, decant, settle and idle). [3,
13,14, 15 and 16]

After that, tests were conducted on the
reactor's performance for domestic sewage water in
seven cycles and by changing the hydraulic retention
time (HRT), where the process of filling the tank with
(5) minutes, and then aeration and mixing operations,
because the raw water was suffering from a decrease
in oxygen, then settle all of this amounted to about
(125) minutes. The amount of change in each cycle
was (30) minutes, as shown in table (2), and in each
cycle, laboratory tests were carried out using the
standard methods applicable. [13]

Table 2. Design operation
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Figure 5. Programmable Control Panel (PCP) and
electric connections
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Figure 6. The code of the PCP photo
3. Sequencing batch reactor (SBR) performance:
The target of this paper is to assess the ability of
the SBR system, which was installed in the laboratory,
to remove COD, N-NH4, TN and P-PO4 from sewage

Cycle | Filling | Aeration | Settling | Decanting | HRT
time time time time (min.)
(min.) | (min.) (min.) (min.)
1 5 25 60 35 125
2 5 55 60 35 155
3 5 85 60 35 185
4 5 115 60 35 215
5 5 145 60 35 245
6 5 175 60 35 275
7 5 205 60 35 305

4. Results and Discussion:

This part targets to analyze and study the
treatment of domestic wastewater for the city of
Basra by the activated sludge system using the
sequencing batch reactor that was manufactured in
the laboratory and the efficiency of removal for this
manufactured device by presenting and discussing
the practical results that were made in the laboratory.

Figures 7, 8, 10, 11, 13, 14, 16 and 17 Indicate
concentrations of the parameters (chemical oxygen
demand (COD), the ammonia - N (NH4 - N), the total
nitrogen (TN) and the total phosphorus (TP)) of
wastewater entering (influent) and leaving (effluent)
in this reactor respectively with time.

Figure 9, 12, 15 and 18 Indicates the removal
rates (overall conversion efficiency). It was found that
levels of the removal rates of the parameters
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(chemical oxygen demand (COD), the ammonia - N
(NH4 - N), the total nitrogen (TN) and the total
phosphorus (TP)) increase with time.
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Figure 7. Relationship between wastewater's
chemical oxygen demand (COD) concentrations and

time.
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Figure 8. Relationship between wastewater's
chemical oxygen demand (COD) concentrations and
time.
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Figure 9. Relationship between COD removal rates
(overall conversion efficiency) and time.
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Figure 10. Relationship between wastewater's
ammonia - N (NH4 - N) concentrations and time.
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Figure 11. Relationship between wastewater's
ammonia - N (NH4 - N) concentrations and time.
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Figure 12. Relationship between (NH4 - N) removal
rates (overall conversion efficiency) and time.
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Figure 13. Relationship between wastewater's total
nitrogen (TN) concentrations and time.
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Figure 14. Relationship between wastewater's total Figure 18. Relationship between TP removal rates
nitrogen (TN) concentrations and time. (overall conversion efficiency) and time.
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Figure 19. Relationship between the removal rates
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= S
s e 4. Conclusions:
0 . The SBR system that was manufactured in

Time (day) the laboratory was able to achieve the requirement
through the removal of activated sludge for a period
of 31 days and a concentration of dissolved oxygen of
Figure 16. Relationship between wastewater's total (2 mg/L and more) and at a temperature of (40-46)

phosphorus (TP) concentrations and time. degrees Celsius and it was (95%), (90%), (92%) and
(95%) for COD, NH4, TN and TP respectively so that

PO4 the removal efficiency for parameters that were
examined continued to increase from day to day, due
to the adaptation and acclimation between

10
8
-6 microorganisms with time and as well as achieving
£ high - quality effluent in a very - short aeration time.
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conventional activated sludge process for wastewater
treatment in Basrah city because the SBR system is
= influent (mg/)) ~ mEfflvent (mg/) inside one tank (small area), so it saves more than
60% of the cost of the conventional ASP, which It
covers large areas, up to tens of acres With multiple
tanks, these tanks require complex design
considerations for each stage.
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Figure 17. Relationship between wastewater's total
phosphorus (TP) concentrations and time.
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