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Abstract

This study investigates biological treatment of outlet wastewater from flocculation reactor. This stream has an unpleasant
odor. So, a biological treatment unit has been used to separate biological contaminants. Results show that 35 min can be
considered as optimum oxygen injection time. Results show that the reduction of nitrate and phosphate is 67% and 60.8%
with increasing oxygenation time, respectively. Results show that BOD and COD decrease by about 1.8% and 1% with
increasing oxygenation time from 35 to 40 min, respectively. Studies show that organic carbon and petroleum hydrocarbons
decrease from 20.1 to 4.8 mg/l and 0.14-0.4 mg/I by increasing oxygen injection time from 5 to 35 min, respectively. Results
show that wastewater turbidity decreasing is from 4.3 NTU to 2.1 NTU in biological unit. Results show that range of pH is

between 9.9 and 10.4.
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Introduction

Industrial wastewater treatment is done in several stages.
These steps include physical, chemical and biological treat-
ment (Ebrahimi et al. 2018). Suspended solids in wastewa-
ter are removed by means of screening processes (Farahbod
2022). Also, colloidal particles and hydrocarbons in waste-
water are collected using chemical and physical methods
(Ines et al. 2019). These methods are not able to remove
organic compounds. So, only solution is biological methods
(Farahbod 2020a). The biological methods can be used to
treat wastewater due to excellent performance (Francisco
et al. 2020). Today, biological methods are used to treat
industrial and municipal wastewater in different countries
(Farahbod 2020b). The biological treatment of wastewater
is designed based on removal of organic compounds and
microorganisms (Mohammad et al. 2021). A biological
process is performed if aerobic and anaerobic microorgan-
isms are removed by organic compounds (Taherizadeh et al.
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2020). Microorganisms have different properties and their
growth mechanism is different (Khan et al. 2020). Some
microorganisms decompose organic compounds with oxy-
gen (Zeynali et al. 2019). Eventually, they grow and multiply
in this way (Farahbod 2020c). Another group of microor-
ganisms in anaerobic conditions hydrolyze wastewater and
produce acid, acetate and methane (Taherizadeh Mahmoud
and Farahbod 2020). In fact, behavior of these bacteria in the
face of oxygen has led to biological treatment process (Byeo-
ngwook et al. 2022). In addition, the main pollutants that can
be removed by various biological methods are heavy metals,
nitrogen, and phosphorus (Bian Xueying et al. December
2022; Feini et al. December 2022; Qambar Abdulaziz Sami
AlKhalidy Mohammed Majid, 2022) (Fig. 1).

This research evaluates biological treatment of outlet
wastewater from flocculation reactor. A biological treatment
unit has been used to separate biological contaminants. The
BOD, COD, phosphate, nitrate and pH of wastewater are
measured in this work. This study shows that oxygen injec-
tion plays a significant role in the biological treatment of the
exit wastewater from flocculation reactor.
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Table 1 Characteristics of

- Characteristics Unit  Value
wastewater entering to the
biological unit Turbidity NTU  4.63
Nitrate ppm 0.26
Phosphate ppm 0.59
BOD ppm 26.23
COD ppm 67.45
TDS ppm 7439
pH 104
TOC ppm 24.3
TPH ppm 0.19

CaOg—lz
Na,CO;

Firsttank Coagulant insertion line

PR
Feed

Clear waste water

Treated sediment
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Fig. 1 Schematic of flocculation and biological reactors

Materials and methods
Study of biological treatment unit

The output stream from flocculation reactor has an unpleas-
ant odor. So, a biological treatment unit has been used in
this research. The microorganisms and bacteria decompose
organic compounds using oxygen in biological unit. Oxy-
genation operation is performed using an oxygen blower. In
this unit, main variables of the treatment process are meas-
ured. The variables of pH, COD, BOD, phosphate, nitrate,
TOC, petroleum hydrocarbons, turbidity and TDS have been
studied, experimentally. In this work, duration of oxygen
injection is considered 40 min. Studies show, this time is
suitable for decomposition of biological contaminants. The
schematic 1 shows output stream from flocculation reactor.
This stream is feed of biological reactor.

The model of oxygen generator is ACO-5503. The
brand of oxygen generator is HAILEA. The power of
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oxygen generator is 4 W. This blower has two outlets for
oxygen. The efficiency of this device is 2.5 lit/min and
noise is less than 40 decibels.

Characteristics of the wastewater entering
to biological reactor

The characteristics of the output stream from flocculation
reactor that enters to biological reactor are presented in
Table 1.

Results and discussion

The variables such as pH, COD, BOD, phosphate, nitrate,
TOC, TPH, turbidity and TDS have been measured in this
section. Finally, treatment efficiency has been evaluated.

Study of wastewater pH

Figure 2 shows the effect of oxygenation on pH of waste-
water. Results show that the range of pH is between 9.9 and
10.4. Results show that pH does not change much with oxy-
gen blowing. In other words, the concentration of OH™ and
H* does not change much.

Study of nitrate and phosphate of wastewater

The nitrate and phosphate changing have been analyzed in
biological treatment process. Results show that amount of
nitrate and phosphate is between 0.2 to 0.066 mg/l and 0.51
to 0.2 mg/l, respectively. Results show that amount of nitrate
and phosphate decreases with increasing oxygen injection
time. Results state that the reduction of nitrate and phosphate
is 67% and 60.8%, respectively. In fact, increasing oxygen
increases activity of microorganisms. Therefore, more phos-
phate and nitrate are decomposed.

Figures 3 and 4 show the effect of oxygenation injection
on the amount of nitrate and phosphate, respectively. Stud-
ies show that reduction rate of nitrate and phosphate with
increasing oxygenation time is 1.5% and 4.8%, respectively.
Because the rate of oxygen consumption is important, the
time 35 min is introduced as optimum value.

Study of BOD and COD of wastewater

Undoubtedly, microorganisms need oxygen to activity. Also,
the BOD decreases as time of oxygen injection increases.
Figure 5 shows BOD changes versus oxygenation time.
Results show that increasing oxygen injection time increases
activity of microorganisms and reduces BOD. Figure 6
shows decrease in COD with increasing oxygenation time.
Figure 5 and 6 show that reduction rate of BOD and COD
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Fig.2 Effect of oxygenation on 12
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by increasing oxygenation time from 35 to 40 min is 1.8%
and 1%, respectively. Therefore, the optimal time to reduce
BOD and COD is 35 min.

Study of TOC and TPH of wastewater

Figure 7 and 8 show the effect of oxygen injection time
on TOC and TPH, respectively. This section confirms that
activity of aerobic microorganism’s increases with increas-
ing oxygen. Therefore, more organic carbon is consumed.
Figure 7 and 8 show that decreasing trend of organic carbon
and petroleum hydrocarbons is noticeable with increasing
oxygen injection time from 5 min to 35 min. The decreasing
trend of TOC and TPH is 20.1-4.8 mg/l and 0.14-0.4 mg/1,

15 20 25 30 35 40 45
Oxygenation time (min)

respectively. However, decreasing trend of TOC and TPH in
this time range is a relatively smooth line.

Study of turbidity and TDS of wastewater

The turbidity and TDS of wastewater are basic parameters
in determination of the treatment efficiency. Figure 9 and
10 show the effect of oxygen injection time on the turbid-
ity and TDS, respectively. Figure 9 shows that turbidity
of wastewater decreases from 4.3 NTU to 2.1 NTU with
increasing oxygenation time from 5 min to 35 min. The
decreasing trend can be due to the removal of dissolved
ions and removal of TOC and TPH. Figure 9 shows that
decreasing trend of turbidity is noticeable in the range of
5-35 min. However, this trend is almost constant in the
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Fig.4 Effect of oxygenation on 0.6
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time range 35—40 min. Results showed a 5 min increase in
time did not play a significant role in turbidity reduction.

Figure 10 shows oxygenation time effect on TDS. Stud-
ies show that pH of wastewater is between 9.8 and 10.4.
Results show that TDS decreases from 727.8 to 674.1
mg/l in a time period 5-40 min. Also, TDS decreases
with reduction of dissolved ions. Results show that TDS
reduction up to 35 min is favorable and is 7.2%. But,
TDS reduction from 35 min to 40 min is almost linear.
Figure 10 indicates that increasing oxygenation time did
not play a significant role in reducing TDS. So, the time
35 min can be considered as the optimal time in the bio-
logical treatment process.
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Conclusion

Results show that range of pH is between 9.9 and 10.4.
This study shows that pH does not change by blowing oxy-
gen, significantly. Results show that reduction of nitrate
and phosphate is 67% and 60.8%, respectively. This study
shows that rate of nitrate and phosphate reduction with
increasing oxygenation time is 1.5% and 4.8%, respec-
tively. Results show that reduction rate of BOD and COD
with increasing oxygenation time is 1.8% and 1%, respec-
tively. This research shows that decreasing trend of TOC
and TPH is noticeable with increasing oxygen injection
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Fig.9 Effect of oxygenation on 5
the turbidity of the wastewater
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Fig. 10 Effect of oxygenation
on TDS

740

Oxygen generator power=4W, Performance coeeficient=2.5lit/min, pH is between 9.8 to 10.4

730

720

710

™~

.

700

TDS (ppm)

690

680

670 T \

SN,

time. This study shows that range of TOC and TPH is
between 20.1 mg/l and 4.8 mg/l and between 0.14 mg/l
and 0.4 mg/l, respectively. Results illustrate that turbid-
ity of wastewater decreases from 4.3 NTU to 2.1 NTU by
increasing oxygenation time. Also, experimental results
show that TDS reduction up to 35 min is favorable and
is 7.2%. But, TDS reduction from 35-40 min is almost
linear. So, time 35 min can be considered as optimal time
in biological treatment process.
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