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Accepted: 17 January 2024 (SBR) technology in treating poultry slaughterhouse wastewater. The
Available online: 15 June 2024 study monitored the parameters of pH, SV30, DO, AN, MLSS, COD, and

BOD to evaluate the efficiency of the biological treatment process. The
results suggest that SBR technology can be effective in removing organic
matter and nitrogen from poultry wastewater. The comprehensive
Poultry wastewater, SBR technology, results reveal the effectiveness of SBR in removing suspended solids,
treatment efficiency, contaminants, microorganisms, nitrogen, and organic matter from the wastewater. The
sustainable treatments study underscores the importance of monitoring these parameters for
assessing treatment efficacy and highlights the potential of SBR as a
promising solution for sustainable poultry wastewater treatment.
However, the study also highlights the importance of continuous
monitoring and optimization of treatment processes to ensure their
effectiveness. The use of Sequencing Batch Reactor (SBR) technology
with varying aeration times of 20 and 16 hours showed a decrease in
COD levels, indicating the effectiveness of the treatment process. The
results of the study suggest that SBR technology can be effective in
removing organic matter and nitrogen from poultry wastewater.
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1. Introduction

Over the past decades, the increase in industrial activities, including pharmaceuticals, dairy, breweries,
tanneries, abattoirs, and food processing, has led to a decline in water quality. Among these, abattoirs contribute
significantly to wastewater pollution, characterized by high levels of impurities such as organic materials,
suspended particles, oil, grease, and nutrients. Improper disposal of untreated slaughterhouse wastewater
(SWW) poses environmental threats, causing groundwater pollution and deoxygenation of rivers (Bustillo et al.,
2015). The SWW has the potential to escalate contamination, leading to eutrophication and deoxygenation of
aquatic systems (Rinquest et al., 2019). This is particularly pronounced in Malaysia, as improper disposal can
result in groundwater pollution and river deoxygenation, making SWW the most environmentally harmful (Aziz
et al,, 2019). Extensive SWW treatment is crucial for environmentally friendly discharge that prioritizes public
health.

Globally, treating wastewater from slaughterhouses remains challenging, especially in underdeveloped
nations. The step feeding of the Sequencing Batch Reactor (SBR) process with intermittent aeration emerges as a
promising option for bio-nitrogen removal. The SBR process, likened to a well-rehearsed dance with five key
moves (Fill, React, Settle, Draw, and Idle), combines aerobic and anaerobic processes efficiently, addressing
nitrification, denitrification, and phosphorus removal simultaneously (Wang et al., 2021). This approach offers
benefits like efficient denitrification, low cost, high stability, and a small footprint.
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Various biological processes, including membrane bioreactors, activated sludge processes, SBR, up flow
anaerobic sludge blanket reactors, and anaerobic filters, are widely used to treat SWW (Aziz et al,, 2019). In the
context of this study, special attention is given to the aeration phase within the SBR process, investigating two
distinct durations: 20 hours and 16 hours, both with a consistent 2-hour settling time. the decision to use a 16-
hour or 20-hour treatment cycle in wastewater depends on specific factors such as treatment goals, pollutant
characteristics, and regulatory context. The 16-hour cycle offers enhanced treatment efficiency, making it
suitable for industries with moderate pollutant levels and regulatory compliance concerns. On the other hand,
the 20-hour cycle provides more comprehensive purification, addressing persistent or complex pollutants and
meeting stringent discharge requirements.

The choice between the two cycles involves a trade-off between efficiency, effectiveness, and operational
considerations, highlighting the need to balance these factors for sustainable wastewater treatment. While a 14-
hour cycle may be operationally efficient, industries in Malaysia may need to assess whether the potential
benefits of longer cycles, such as more comprehensive purification, outweigh the associated costs and logistical
challenges.

1.1 Characteristics of Poultry Wastewater

Poultry wastewater is a complex mix from various operations, including manure, feathers, and processing
discharges. It varies based on practices and bird species, with turkeys producing less waste than broilers
(Mukhtar, 2005). Untreated poultry wastewater, rich in fat, protein, and nutrients, poses environmental risks
like eutrophication. Treating and disposing of it on land can enhance soil fertility and water availability
(Arukmetov, 2017). Studies (Gu et al, 2019) highlight pharmaceutical compounds in poultry wastewater,
emphasizing the need for specific treatment before discharge. Comparing Malaysia and India's wastewater
shows differences in pH and significant variations in COD, highlighting the importance of tailored treatment
strategies (Aziz et al., 2018; Manjunath et al.,, 2023).

Table 1 Poultry Wastewater in Malaysia and India Across Decades (Aziz et al, 2018; Manjunath et al,

2023)
Poultry Wastewater Poultry Wastewater
Parameters (Malaysia) (India)
(Aziz et al., 2018) (Manjunath et al., 2023)
pH 6.6+85 6.9+0.3
Chemical Oxygen 1301 + 250 2500 £ 350
Demand, COD (mg/L)
Biochemical Oxygen 70.7+30 925+ 10
Demand, BOD (mg/L)
Total Solids, TS (mg/L) 720 + 50 3500 + 50
Total Nitrate, TN (mg/L) 56.5+70.7 85+ 15

Wastewater from chicken processing plants, especially the blood, fats, proteins, and fibers in it, contains a
lot of organic matter. These come from different parts of the plant like blood, carcass leftovers, and other organic
materials. If not managed well, these components can lead to environmental issues like algal blooms. The
primary pollutant in this wastewater is organic matter, mainly from poultry blood. Proper management is
crucial to avoid environmental problems.

1.2 The Sequencing Batch Reactor

The Sequencing Batch Reactor is a great solution for treating poultry wastewater. It goes through stages like
screening, biological treatment, settling, and decanting (Pellegrini, 2019). Operating in cycles, SBR is adaptable,
cost-effective, and space-efficient, outperforming conventional methods (AZU Water, 2016). Despite challenges
like handling high organic matter, SBR shows impressive pollutant removal, meeting regulatory standards
(Rajab et al,, 2017). While implementation costs and regulations are hurdles, SBR proves to be a promising
technology for reducing environmental impact in poultry production (Admin-Seo, 2021; Rajpal et al., 2022).
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Fig. 1 Illustrates the key stages in the Sequencing Batch Reactor (SBR) method, highlighting the major steps involved
in the process.

1.2.1 Activated Sludge Process in SBR for Poultry Wastewater Treatment

Using the activated sludge process, especially in the sequencing batch reactor setup, is effective for treating
complex poultry wastewater (Mian et al., 2018). Microorganisms in this process break down organic matter in
the wastewater, making it simpler. The SBR configuration, with stages like filling, reacting, settling, decanting,
and idling, optimizes this process for poultry wastewater treatment (Mian et al., 2018). In scenarios with low
water flow, SBR is a viable and efficient option, relying on quality seed sludge for pollutant removal (Sanga et al.,
2019). Seed sludge, sourced from existing plants or cultivated in-house, is crucial for the long-term performance
and stability of SBR systems (Rayaz, 2023). The composition of microorganisms in activated sludge, like
bacteria, fungi, and protozoa, is dynamic and influenced by environmental factors (Weber et al., 2007).

Fig. 2 Depicts the activated sludge within the SBR (Mian et al., 2018)

2.4.2 Optimizing SBR Wastewater Treatment Operation

In the Sequencing Batch Reactor process, treating wastewater is like a well-coordinated dance with five key
moves. First, in the "Filling" stage, the reactor tank gets filled with poultry wastewater to start the treatment.
Next is the "React” stage, where microorganisms break down the organic stuff with a bit of oxygen assistance,
acting like a cleanup crew. Then, in the "Settle" stage, heavy particles sink to the bottom, allowing clear water to
rise to the top. After the cleanup, it's the "Decant” stage, where the clear water is carefully drawn off for
discharge, leaving behind any remaining solids. Finally, there's the "Idle" stage - a bit like a break or pause -
before the whole process starts again (Adapted from a general understanding of SBR process steps).

The SBR Process Cycle
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Fig. 3 Illustrates the cyclical process of the Sequencing Batch Reactor (SBR) (Mian et al.,, 2018).
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2. Methodology

The methods used for the optimization research of poultry wastewater treatment using a Sequencing Batch
Reactor (SBR). The experimental setup, procedures, and parameters examined to accomplish, and this study
intends to explore the performance of the SBR process and its capacity to successfully treat poultry wastewater
by using a systematic method. Future researchers can replicate the work because of the methods section's
detailed explanation of the experimental setup.

2.1 Sample Collection (Poultry Wastewater)

In this study, samples of poultry wastewater collected at Ayam Peladang, a business that manages the
byproducts of chicken slaughter and is situated in Kampung Parit Lanjut, 84300 Bukit Pasir, Johor. Within the
wastewater treatment system, representative sampling points had to be carefully chosen as part of the sampling
procedure. A typical sample collected between about 500 ml in every sampling event. This volume minimizes
the risk of sample contamination while allowing for a sufficient amount of wastewater to conduct various
laboratory tests and analyses. To prevent cross-contamination, the sampling apparatus was thoroughly cleaned
and sterilized prior to sample collection. Each sample was collected with the proper documentation of the
sampling site, date, and time to enable precise data analysis and interpretation.

2.2 Seed Sludge Preparation (Activated Sludge)

In order to effectively prepare seed sludge for wastewater treatment in SBR systems, a step-by-step guide can be
followed. Firstly, collect sludge from an existing wastewater treatment plant or SBR system to obtain a
microbial-rich sample. Next, it is crucial to filter the collected sludge using a 200-micron sieve to remove any
unwanted solids that could hinder the seeding process. To achieve an optimal concentration, dilute the filtered
sludge with clean water until it reaches a range of 10-20 g/L of volatile suspended solids (VSS). Thoroughly mix
the diluted sludge and allow it to settle for approximately an hour. Once settled, carefully decant the supernatant
liquid and retain only the settled sludge as the seed for the SBR system. tore the seed sludge in a cool and dark
place until it is ready for use. The ideal storage temperature for seed sludge is 5°C (41°F). Extracted activated
sludge from the soy sauce factory of Jalen Sdn. Bhd. To ensure that there is only pure activated sludge left and
that any leftover soy sauce is removed, the activated sludge from the soy sauce factory needs to be mixed with
regular water and blasted with oxygen using a blower.

2.3 Optimal Procedure for Conducting Poultry Wastewater Treatment Using a SBR

In the experiment, a 1 mL sample of poultry wastewater is mixed with 10 mL of tap water until a balanced
30:300 ratio is achieved. Seed sludge is added to create a 600 mL mixture. This mixture undergoes aeration for
20 and 16 hours to enhance microorganism interaction, followed by a two-hour settling phase for suspended
solids to separate, forming a layer called the supernatant. The Settleable Volume in 30 minutes (SV30) is
checked to assess settling. Then, 40 mL of the supernatant is analyzed for pH, DO, MLSS (10 mL), COD (5 mL),
and AN (25 mL). For continued accuracy, a 40 mL diluted sample (1:10) is prepared for subsequent analysis.
Lab-scale pH is adjusted between 7.0 and 7.5, ideal for bacterial growth. The experiment follows a Time of
Operation schedule, testing different aeration times sequentially, starting with the maximum to boost bacterial
growth. The goal is to optimize the SBR system for efficient chicken wastewater treatment at low flow rates.
Contaminants like COD and AN are targeted for effective removal while maintaining the desired pH. Throughout
the experiment, measurements of pH, DO, MLSS, COD, AN, and BOD are regularly obtained and recorded.

Placing 1 mL of poultry wastewater sample and After 20 and 16 hours of aeration, let the mixture
_ Y was! ced sludge to reach the 3 mark  —H] >
10 mL of tap water untill reach 30:300 [ /Add seed sludge toreach the 300 ml. mark settle for two hours

l

Decant 40 mL of the supernatant

i camle 1: “heck the SV3
Top up 40 mL diluted sample 1:10 [— (pH, DO, COD, AN) [+— Check the SV30
Begin the experiment as according to the Time of Results obtained pH, DO, MLSS, COD, AN,
Operation variables » and BOD

Fig. 4 Illustrative Overview of the Sequencing Batch Reactor (SBR) Experimental Procedure
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3. Results and Discussion

In Poultry wastewater treatment is a pivotal aspect of sustainable agricultural practices, and the Sequencing
Batch Reactor (SBR) has emerged as a promising solution. The performance optimization of treating poultry
slaughterhouse wastewater using a SBR with varying aeration times (20 hours and 16 hours), while maintaining
a consistent settling time of 2 hours. This chapter delves into the outcomes of our investigation, focusing on key
parameters pH, Dissolved Oxygen (DO), Chemical Oxygen Demand (COD), Ammonium Nitrogen (AN),
Biochemical Oxygen Demand (BOD), and Mixed Liquor Suspended Solids (MLSS). These parameters serve as
vital indicators in evaluating the efficacy of the SBR process.

3.1 Performance of Treating Poultry Slaughterhouse Wastewater Using SBR Between
20- and 16-Hours Aeration

The primary objectives revolve around understanding the impact of variable aeration times on critical
parameters, subsequent improvement in water quality, and the alignment of the treated water with
Environmental Quality (Sewage) Regulations, 2009. These samples serve as a snapshot of the untreated water,
laden with organic pollutants and potentially harmful substances. This experimental design allows for a nuanced
exploration of the system's performance under different operational conditions.

The analysis of the treated water post-SBR treatment aims to gauge the success of the system in achieving
desired water quality standards. This study presents the outcomes of 20 and 16 hours of aeration; however, the
two hours of settling down are the same. The differences between the results of the 20 and 16 hours of aeration
of the poultry wastewater treatment, which is improving every day, can be ascertained more clearly through the
results of the following parameters: pH, DO, SV30, MLSS, AN, COD, and BOD.

Fig. 5 Pre, during and post 0 the treatment poultry wastewater using SBR

3.1.1 pH Levels of Post-Treatment

The pH level is an important parameter that affects the efficiency of the treatment process. The pH levels of the
wastewater samples were found to be higher after 16 hours of aeration compared to 20 hours of aeration. The
pH level from the wastewater sample on Day 5 was the highest at 8.30 after 16 hours of aeration. The pH levels
of the wastewater after 20 hours of aeration ranged from 5.69 to 7.15 while the pH levels of the wastewater
after 16 hours of aeration ranged from 6.06 to 8.30. This indicates that both treatment process was effective in
removing and maintaining the acidic components from the wastewater. According to the Environmental Quality
(Sewage) Regulations, 2009, the permissible limit for pH in treated effluent discharged into inland waters is 6.0-
9.0. The pH levels of the wastewater samples after 16 hours of aeration were found to be within the permissible
limit for inland waters. The results are show at Table 4.1:

Table 2 The comparison of the pH test results after 16 and 20 hours of aeration.
Comparison pH Levels Post-Treatment: 16 vs 20 Hours Aeration

Operation Time Days

Aeration Time | Settling Time
(hr) (hr) 1 2 3 4 5
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Table 2 Continue

1 7.14 6.06 6.15 7.60 8.30
16 2 2 7.15 6.06 6.15 7.60 8.30
3 7.16 6.07 6.15 7.60 8.30
A 7.15 6.06 6.15 7.60 8.30
vg
1 7.14 5.70 6.15 6.52 6.43
20 2 2 7.15 5.69 6.15 6.51 6.43
3 7.16 5.69 6.15 6.51 6.43
A 7.15 5.69 6.15 6.51 6.43
vg

3.1.2 Dissolve Oxygen (DO) Levels of Post-Treatment

The DO level is an important parameter that indicates the amount of oxygen dissolved in the wastewater. The
DO levels of the wastewater after 20 hours of aeration ranged from 7.03 to 9.38 while the DO levels of the
wastewater after 16 hours of aeration ranged from 7.03 to 9.52. The DO levels of the wastewater samples were
found to be higher on 16 hours of aeration compared to 20 hours of aeration. The DO level of the wastewater
sample on Day 3 was the highest at 9.52 after 16 hours of aeration. The DO level of the wastewater sample on
Day 2 was the highest at 9.11 after 16 hours of aeration. This indicates that both treatment process was effective
in increasing the amount of oxygen dissolved in the wastewater. According to the Environmental Quality
(Sewage) Regulations, 2009, the permissible limit for DO in treated effluent discharged into inland waters is 5-8
mg/L. The results are show at Table 3:

Table 3 The comparison of the DO test results after 16 and 20 hours of aeration.

Comparison DO Levels Post-Treatment: 16 vs 20 Hours Aeration
Operation Time Days
Aeration Settling
Time (hr) Time (hr) 1 2 3 4 5
1 7.09 9.13 9.51 9.17 9.21
16 2 2 7.11 9.11 9.53 9.17 9.21
3 6.88 9.10 9.54 9.17 9.21
Avg 7.03 9.11 9.52 9.17 9.21
1 7.09 9.02 9.38 9.16 9.43
20 2 2 7.11 9.02 9.39 9.16 9.33
3 6.88 9.01 9.37 9.16 9.34
Avg 7.03 9.02 9.38 9.16 9.34

3.1.3 SV30 Levels of Post-Treatment

The activated sludge is a mixture of microorganisms that consume the organic matter in the wastewater. The
SV30 levels of the wastewater after 20 hours of aeration ranged from 310 to 230 mL while the SV30 levels of the
wastewater after 16 hours of aeration ranged from 310 to 159 mL. The SV30 levels decrease as the activated
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sludge consumes the bacteria in the wastewater. The decrease in SV30 levels indicates that the treatment
process was effective in removing the suspended solids from the wastewater. The Environmental Quality
(Sewage) Regulations, 2009, specifies the maximum permissible SV30 level for treated effluent to be 30 mg/L.
This indicates that the treatment process was effective in removing the microorganism from the wastewater and
the treated effluent can be safely discharged into inland waters according to the Environmental Quality
(Sewage) Regulations, 2009. The results are show at Table 4:

Table 4 The comparison of the SV30 test results after 16 and 20 hours of aeration.

Comparison SV3o Levels Post-Treatment: 16 vs 20 Hours Aeration
Operation Time Days
Aeration Settling Time
Time (hr) (hr) 1 2 3 4 5
1 310 280 250 220 159
16 2 2 310 280 250 220 159
3 310 280 250 220 159
Avg 310 280 250 220 159
1 310 290 270 260 230
20 2 2 310 290 270 260 230
3 310 290 270 260 230
Avg 310 290 270 260 230

3.1.4 MLSS Levels of Post-Treatment

The MLSS level is an important parameter that indicates the amount of mixed liquor suspended solids in the
wastewater. The MLSS levels of the wastewater after 20 hours of aeration ranged from 0.0262 to 0.0173 g while
the MLSS levels of the wastewater after 16 hours of aeration ranged from 0.0325 to 0.0142 g. The MLSS level of
the wastewater sample on Day 2 was the highest at 0.0325 after 16 hours of aeration. The MLSS level of the
wastewater sample on Day 2 was also the highest at 0.0262 after 20 hours of aeration. In conclusion, the results
of the study indicate that decreasing the aeration time from 20 hours to 16 hours in poultry slaughterhouse
wastewater treatment using sequencing batch reactor (SBR) technology can increase the MLSS levels of the
wastewater samples. This indicates that the treatment process was effective in removing the mixed liquor
suspended solids from the wastewater. The results are show at Table 5:

Table 5 The comparison of the MLSS test results after 16 and 20 hours of aeration.
Comparison MLSS Levels Post-Treatment: 16 vs 20 Hours Aeration

Operation Time Days

Aeration Settling Time
Time (hr) (hr) 1 2 3 4 5

e
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Table 5 Continue

1 - 0.0325 0.0237 | 0.0143 | 0.0154

16 2 2 - 0.0325 0.0237 | 0.0143 | 0.0154
3 - 0.0325 0.0237 | 0.0143 | 0.0154

Avg - 0.0325 0.0325 | 0.0143 | 0.0154

1 - 0.0262 0.0213 | 0.0186 | 0.0173

20 2 2 - 0.0262 0.0213 | 0.0186 | 0.0173
3 - 0.0262 0.0213 | 0.0186 | 0.0173

Avg - 0.0262 0.0213 | 0.0186 | 0.0173

3.1.5 Chemical Oxygen Demand (COD) Levels of Post-Treatment

The COD levels of the wastewater after 20 hours of aeration ranged from 2883 to 1013 mg/L while the COD
levels of the wastewater after 16 hours of aeration ranged from 2823 to 1766 mg/L. The COD level of the
wastewater sample on Day 5 was the lowest at 1013 on the 16 hours of aeration compared to Day 5 20 hours
1766 mg/L. The COD level of the wastewater sample on Day 1 was the highest at 2883 after 20 hours of aeration.
This indicates that the treatment process was effective in removing the organic matter from the wastewater.
According to the Environmental Quality (Sewage) Regulations, 2009, the permissible limit for COD in treated
effluent discharged into inland waters is around 100 mg/L. The results are show at Table 6:

Table 6 The comparison of the COD test results after 16 and 20 hours of aeration.
Comparison COD Levels Post-Treatment: 16 vs 20 Hours Aeration

Operation Time Days
Aeration Settling Time
Time (hr) (hr) 1 2 3 4 5

1 | 2690 2520 2360 | 1520 | 1030
2 | 3100 2520 2350 | 1520 | 1010
16 2 3 | 2860 2510 2375 1520 | 1000
Avg | 2823 2520 2360 | 1520 | 1013
1 | 2690 2480 2610 | 2030 | 1760
2 | 3100 2480 2610 | 2020 | 1770
3 | 2860 2480 2610 | 2020 | 1770
Avg | 2883 2480 2610 | 2020 | 1766

20 2

3.1.6 Ammonia Nitrogen (AN) Levels of Post-Treatment

The AN level is an important parameter that indicates the amount of ammonia nitrogen in the wastewater.
The AN level of the wastewater after 20 hours of aeration ranged from 44.10 to 20.50 mg/L while the AN level of
the wastewater after 16 hours of aeration ranged from 7.80 to 44.10 mg/L. The AN level of the wastewater
samples was found to be lower after 16 hours of aeration compared to 20 hours of aeration. The AN level of the
wastewater sample on Day 2 was the lowest at 7.80 after 16 hours of aeration. The AN level of the wastewater
sample on Day 2 was also the highest at 28.80 after 20 hours of aeration. According to the Environmental Quality
(Sewage) Regulations, 2009, the permissible limit for AN in treated effluent discharged into inland waters is 10
mg/L1. The results are show at Table 7:
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Table 7 The comparison of the AN test results after 16 and 20 hours of aeration.
Comparison AN Levels Post-Treatment: 16 vs 20 Hours Aeration
Operation Time Days
Aeration Settling Time
Time (hr) (hr) 1 2 3 4 5
1 43.40 7.76 24.10 15.70 11.40
16 2 2 44.20 7.80 23.90 15.70 11.40
3 44.70 7.82 24.00 15.70 11.40
Avg | 44.10 7.80 24.00 15.70 11.40
1 43.40 28.80 39.40 23.60 21.00
20 2 2 44.20 28.81 39.00 23.70 20.50
3 44.70 28.78 39.10 23.50 20.49
Avg | 44.10 28.80 39.20 23.65 20.50

3.2 Removal Efficiency Percentage of COD & AN

The COD removal efficiency percentage for 16 hours of aeration in one measuring cylinder was 88%, while the

COD removal efficiency percentage for 20 hours of aeration in another measuring cylinder was 89%.

Table 8 Shows the removal efficiency percentage of COD

Wastewater

Sample Aeration of Treating Poultry

CoD

Removal Efficiency

2360

2350

16

2370

2360

88%

2610

2610

20

2610

Avg

2610

89%

The AN removal efficiency percentage for 16 hours of aeration in one measuring cylinder was 87%, while
the AN removal efficiency percentage for 20 hours of aeration in another measuring cylinder was 91%.

e
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Table 9 Shows the removal efficiency percentage of AN
Sample Aeration of Treating Poultry AN Removal Efficiency
Wastewater

1 24.10
2 23.90

16 3 24.00 87%
Avg 24.00
1 28.80
2 39.40

20 3 39.10 91%
Avg 39.20

3.3 Monitoring Parameters of Untreated Poultry Slaughterhouse Wastewater

The study measured parameters of the pH, DO, AN, COD, and BOD levels of the poultry slaughterhouse
wastewater for three weeks. It is important to note that the difference in the levels of pH, DO, AN, COD, and BOD
between the three weeks could be due to various factors such as the difference in the initial levels of the
wastewater, the difference in the amount of organic matter and nitrogen present in the wastewater, and the
difference in the amount of oxygen supplied during the aeration process.

3.3.1 pH of Untreated Poultry Wastewater

Based on the pH readings, it can be observed that the pH level of the wastewater decreased from week 1 to week
3 and then decreased further by week 6. The pH readings of the wastewater for weeks 1, 3, and 6 were 7.40,
6.11, and 3.68, respectively. The decrease in pH levels could be due to various factors such as the accumulation
of acidic components in the wastewater, the decrease in the amount of oxygen supplied during the aeration
process, and the decrease in the efficiency of the biological treatment process.

Table 10 Shows the pH readings obtained from the poultry wastewater by weekly

Wastewater Sample Test pH Week 1 Week 3 Week 5
1 7.32 6.10 3.71
Poultry 2 7.43 6.08 3.65
Wastewater 3 7.44 6.15 3.68
Avg 7.40 6.11 3.68

3.3.2 Dissolve Oxygen (DO) of Poultry Wastewater

Based on the DO readings, it can be observed that the DO level of the wastewater decreased from week 1 to
week 3 and then decreased further by week 6. The DO level of the wastewater in week 1 was 8.42 mg/L, which is
within the permissible range of DO levels for treated effluent. However, the DO level of the wastewater in week 3
was 1.82 mg/L, which is significantly lower than the permissible range of DO levels for treated effluent. The DO
level of the wastewater in week 6 was 0.29 mg/L, which is also significantly lower than the permissible range of
DO levels for treated effluent. The decrease in DO levels could be due to various factors such as the decrease in
the amount of oxygen supplied during the aeration process, the accumulation of organic matter in the
wastewater, and the decrease in the efficiency of the biological treatment process.
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Table 11 Shows the DO readings obtained from the poultry wastewater by weekly

522

Wastewater Sample Test DO Week 1 Week 3 Week 5
(mg/L)
1 8.46 1.96 0.30
Poultry 2 8.40 1.72 0.29
Wastewater 3 8.41 1.83 0.29
Avg 8.42 1.82 0.29

3.3.3 AN of Untreated Poultry Wastewater

The AN reading can be observed that the AN level of the wastewater decreased from week 1 to week 3 and then
decreased further by week 6. The AN level of the wastewater in week 1 was 4.41 mg/L, which is higher than the
permissible range of AN levels for treated effluent. The AN level of the wastewater in week 3 was 2.01 mg/L,
which is still higher than the permissible range of AN levels for treated effluent. The AN level of the wastewater
in week 6 was 0.99 mg/L, which is within the permissible range of AN levels for treated effluent. AN level could
be due to various factors such as the decrease in the amount of organic matter present in the wastewater, the
increase in the efficiency of the biological treatment process, and the decrease in the amount of nitrogen
supplied during the aeration process.

Table 12 Shows the AN reading obtained from the poultry wastewater by weekly

Wastewater Sample Test AN Week 1 Week 3 Week 5
(mg/L)
1 4.34 2.00 1.01
Poultry 2 4.42 2.01 0.96
Wastewater 3 4.47 2.01 1.00
Avg 4.41 2.01 0.99

3.3.4 COD of Untreated Poultry Wastewater

Based on the COD readings, it can be observed that the COD level of the wastewater increased significantly from
week 1 to week 3 and then increased further by week 6. The COD level of the wastewater in week 1 was 314
mg/L, which is within the permissible range of COD levels for treated effluent. However, the COD level of the
wastewater in week 3 was 2330 mg/L, which is significantly higher than the permissible range of COD levels for
treated effluent. The COD level of the wastewater in week 6 was 4330 mg/L, which is also significantly higher
than the permissible range of COD levels for treated effluent. The increase in COD levels could be due to various
factors such as the accumulation of organic matter in the wastewater, the decrease in the efficiency of the
biological treatment process, and the decrease in the amount of oxygen supplied during the aeration process.

Table 13 Shows the COD reading obtained from the poultry wastewater by weekly

Wastewater Sample Test COD Week 1 Week 3 Week 5
(mg/L)
1 331 2040 4300
Poultry 2 296 2090 4350
Wastewater 3 315 2860 4342
Avg 314 2330 4330

3.3.5 BOD of Untreated Poultry Wastewater

Based on the BOD readings, it can be observed that the BOD level of the wastewater increased significantly from
week 1 to week 3 and then decreased slightly by week 6. The BOD level of the wastewater in week 1 was 441
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mg/L, which is within the permissible range of BOD levels for treated effluent. However, the BOD level of the
wastewater in week 3 was 3260 mg/L, which is significantly higher than the permissible range of BOD levels for
treated effluent. The BOD level of the wastewater in week 6 was 3100 mg/L, which is also significantly higher
than the permissible range of BOD levels for treated effluent. the increase in BOD levels could be due to various
factors such as the accumulation of organic matter in the wastewater, the decrease in the efficiency of the
biological treatment process, and the decrease in the amount of oxygen supplied during the aeration process.

Table 14 Shows the BOD reading obtained from the poultry wastewater by weekly
Wastewater Sample Test BOD (mg/L) Week 2

Week 1 3 5

BOD 441 3260 3100

4. Conclusion

In summary, the study on poultry slaughterhouse wastewater in Malaysia emphasizes the effectiveness of
Sequencing Batch Reactor (SBR) technology in reducing organic matter and nitrogen levels. Continuous
monitoring and optimization of treatment processes are crucial for ensuring efficiency. The untreated
wastewater poses environmental risks due to acidic components, high organic matter, and nitrogen,
underscoring the need for effective treatment to prevent adverse effects on water quality and aquatic
ecosystems. Overall, the insights gained from this study can guide improvements in the biological treatment
process, promoting sustainability in the poultry industry.

References

[1] Ahmad Puat, N. N,, & Abdul Aziz, H. (2015). Biological Treatment of Poultry Slaughterhouse Wastewater by
Usmg leferent Fibers. Applied Mechamcs and Materials, 802, 401-405.

[2] Ahmadl M., Doroodmand M. M, Nabl Bldhendl G., Torabian, A, & Mehrdadi, N. (2022). Efficient
Wastewater Treatment via Aeratlon Through a Novel Nanobubble System in Sequence Batch Reactors.
Frontiers in Energy Research, 10. https://doi.org/10.3389 /fenrg.2022.884353

[3] Akin,B.S., & Ugurlu, A. (2005). Monitoring and control of biological nutrient removal in a Sequencing Batch
Reactor. Process Biochemistry, 40(8), 2873- 2878. https://doi.org/10.1016/j.procbio.2005.01.001

[4] Alagha, O., Allazem, A., Bukhari, A. A, Anil, I, & Mu’azu, N. D. (2020). Suitability of SBR for Wastewater
Treatment and Reuse: Pilot-Scale Reactor Operated in Different Anoxic Conditions. International Journal of
Environmental Research and Public Health, 17(5), 1617.
https://doi.org/10.3390/ijerph17051617

[5] Barros, R. E, Reis, M. M., Montes, W. G., Lopes, E. M. G., Figueiredo, F. F.,, & Santos, L. D. T. (2021). Impacts of
the addition of biochar, biosolid and aluminum silicate on the leaching and bioavailability of 2,4-D +
picloram in soil. Environmental Technology & Innovation, 23, 101682.
https://doi.org/10.1016/j.eti.2021.101682

[6] Bisschops, I, & Spanjers, H. (2003). Literature review on textile wastewater characterisation.
Environmental Technology, 24(11), 1399-1411. https://doi.org/10.1080/09593330309385684

[71 Bustillo-Lecompte, C. F., & Mehrvar, M. (2015). Slaughterhouse wastewater characteristics, treatment, and
management in the meat processing industry: A review on trends and advances. Journal of Environmental
Management, 161, 287-302. https://doi.org/10.1016/j.jenvman.2015.07.008

[8] C. Alzate Marin, |, H. Caravelli, A., & E. Zaritzky, N. (2019). Performance of Anoxic- Oxic Sequencing Batch
Reactor for Nitrification and Aerobic Denitrification. In Biotechnology — and Bioengineering.

IntechOpen. https://doi.org/10.5772 /intechopen.84775

[9] Dan, N. H,, Rene, E. R, & le Luu, T. (2020). Removal of Nutrients From Anaerobically Digested Swine
Wastewater Using an Intermittent Cycle Extended Aeration System. Frontiers in Microbiology, 11.
https://doi.org/10.3389/fmicb.2020.576438

[10] de Nardj, I. R,, del Nery, V., Amorim, A. K. B,, dos Santos, N. G., & Chimenes, F. (2011). Performances of SBR,
chemical-DAF and UV disinfection for poultry slaughterhouse wastewater reclamation. Desalination,
269(1-3), 184-189. https://doi.org/10.1016/j.desal.2010.10.060

[11] Deng, Z., Muioz Sierra, J., Ferreira, A. L. M., Cerqueda-Garcia, D., Spanjers, H., & van Lier, ]. B. (2024). Effect
of operational parameters on the performance of an anaerobic sequencing batch reactor (AnSBR) treating

Penerbit
UTHM


https://doi.org/10.4028/www.scientific.net/AMM.802.401
https://doi.org/10.3389/fenrg.2022.884353
https://doi.org/10.1016/j.procbio.2005.01.001
https://doi.org/10.3390/ijerph17051617
https://doi.org/10.1016/j.eti.2021.101682
https://doi.org/10.1080/09593330309385684
https://doi.org/10.1016/j.jenvman.2015.07.008
https://doi.org/10.5772/intechopen.84775
https://doi.org/10.3389/fmicb.2020.576438
https://doi.org/10.1016/j.desal.2010.10.060

Progress in Engineering Application and Technology Vol. 5 No. 1 (2023) p. 512-525 524

protein-rich wastewater. Environmental Science and Ecotechnology, 17, 100296.
https://doi.org/10.1016/j.ese.2023.100296

[12] Fahad, A., Saphira Mohamed, R. M., Radhi, B.,, & Al-Sahari, M. (2019). Wastewater and its Treatment
Techniques: An Ample Review. Indian Journal of Science and Technology, 12(25), 1-13.
https://doi.org/10.17485 /ijst/2019/v12i25/146059

[13] Gomez-Basurto, F., Vital-Jacome, M., Gomez-Acata, E. S., Thalasso, F., Luna-Guido, M., & Dendooven, L.
(2019). Microbial community dynamics during aerobic granulation in a sequencing batch reactor (SBR).
Peer], 7, e7152. https://doi.org/10.7717 /peerj.7152

[14] Goswami, K. P., & Pugazhenthi, G. (2020). Treatment of poultry slaughterhouse wastewater using tubular
microfiltration membrane with fly ash as key precursor. Journal of Water Process Engineering, 37, 101361.
https://doi.org/10.1016/j.jwpe.2020.101361

[15] Kosar, S., Isik, O., Akdag, Y., Gulhan, H., Koyuncu, L., Ozgun, H., & Ersahin, M. E. (2022). Impact of seed sludge
characteristics on granulation and performance of aerobic granular sludge process. Journal of Cleaner
Production, 363, 132424. https://doi.org/10.1016/j.iclepro.2022.132424

[16] Li, J., Ding, L.-B,, Cai, A, Huang, G.-X,, & Horn, H. (2014). Aerobic Sludge Granulation in a Full-Scale
Sequencing Batch Reactor. BioMed Research International, 2014, 1-12.
https://doi.org/10.1155/2014/268789

[17] Lopes, C. L., de Assis, T. M., Passig, F. H., Lima Model, A. N. de, Mees, ]. B. R, Cervantes, F. ], Gotardo, J. T., &
Gomes, S. D. (2022). Nitrogen removal from poultry slaughterhouse wastewater in anaerobic-anoxic-
aerobic combined reactor: Integrated effect of recirculation rate and hydraulic retention time. Journal of
Environmental Management, 303, 114162. https://doi.org/10.1016/j.jenvman.2021.114162

[18] Mao, Y., Wang, Z,, Lij, L., Jiang, X., Zhang, X, Ren, H., & Zhang, T. (2016). Exploring the Shift in Structure and
Function of Microbial Communities Performing Biological Phosphorus Removal. PLOS ONE, 11(8),
€0161506. https://doi.org/10.1371/journal.pone.0161506

[19] Manjunath, S. V., Yakshith, B. R,, & Meghashree, M. (2023). Synergistic analysis for co-treatment of poultry
wastewater and sewage in electro-chemical system: Operational parameters, kinetics and energy
estimation. Results in Engineering, 19, 101275. https://doi.org/10.1016/j.rineng.2023.101275

[20] Mian, H. R, Haydar, S., Hussain, G., & -e-Hina, G. (2018). Optimization of sequencing batch reactor for
wastewater treatment using chemically enhanced primary treatment as a pre-treatment. Water SA, 44(3
July). https://doi.org/10.4314 /wsa.v44i3.07

[21] Micciche, A. C., Feye, K. M. Rubinelli, P. M., Wages, ]. A, Knueven, C. ], & RickeS. C. (2018). The
Implementation and Food Safety Issues Associated With Poultry Processing Reuse Water for Conventional
Poultry Production Systems in the United States. Frontiers in Sustainable Food Systems, 2.
https://doi.org/10.3389/fsufs.2018.00070

[22] Mirzaie, A., Halaji, M., Dehkordj, F. S., Ranjbar, R., & Noorbazargan, H. (2020). A narrative literature review
on traditional medicine options for treatment of corona virus disease 2019 (COVID-19). Complementary
Therapies in Clinical Practice, 40, 101214. https://doi.org/10.1016/j.ctcp.2020.101214

[23] Ngobeni, P. V., Basitere, M., & Thole, A. (2022). Treatment of poultry slaughterhouse wastewater using
electrocoagulation: a review. Water Practice and Technology, 17(1), 38-59.
https://doi.org/10.2166 /wpt.2021.108

[24] Oguz, M., & Oguz, M. (1993). Characterization of Ankara meat packing plant wastewater and treatment with
a rotating biological contactor. International Journal of Environmental Studies, 44(1), 39-44.
https://doi.org/10.1080/00207239308710845

[25] Phanwilai, S., Noophan, P. (Lek), Li, C.-W., & Choo, K.-H. (2022). Efficacies of Nitrogen Removal and
Comparisons of Microbial Communities in Full-Scale (Pre-Anoxic Systems) Municipal Water Resource
Recovery Facilities at Low and High COD:TN Ratios. Water, 14(5), 720.
https://doi.org/10.3390/w14050720

[26] Philipp, M. Masmoudi Jabri, K, Wellmann, ], Akrout, H., Bousselmi, L, & Geiflen, S.-U. (2021).
Slaughterhouse Wastewater Treatment: A Review on Recyclingand  Reuse Possibilities. Water,

13(22), 3175. https://doi.org/10.3390/w13223175

[27] Rajpal, A, Ali, M., Choudhury, M., Almohana, A. L., Alali, A. F., Munshi, F. M. A,, Khursheed, A., & Kazmi, A. A.
(2022). Abattoir Wastewater Treatment Plants in India: Understanding and Performance Evaluation.
Frontiers in Environmental Science, 10. https://doi.org/10.3389 /fenvs.2022.881623

[28] Sadaf, S, Singh, A. K, Igbal, ], Kumar, R. N., Sulejmanovi¢, J., Habila, M. A., Piné Américo-Pinheiro, |J. H., &
Sher, F. (2022). Advancements of sequencing batch biofilm reactor for slaughterhouse wastewater assisted
with response surface methodology. Chemosphere, 307, 135952.
https://doi.org/10.1016/j.chemosphere.2022.135952

[29] Sansonetti, S., Curcio, S., Calabro, V., & lorio, G. (2010). Optimization of ricotta cheese whey (RCW)
fermentation by response surface methodology. Bioresource Technology, 101(23), 9156-
9162. https://doi.org/10.1016/j.biortech.2010.07.030

2

Penerbit

UTHM



https://doi.org/10.1016/j.ese.2023.100296
https://doi.org/10.17485/ijst/2019/v12i25/146059
https://doi.org/10.7717/peerj.7152
https://doi.org/10.1016/j.jwpe.2020.101361
https://doi.org/10.1016/j.jclepro.2022.132424
https://doi.org/10.1155/2014/268789
https://doi.org/10.1016/j.jenvman.2021.114162
https://doi.org/10.1371/journal.pone.0161506
https://doi.org/10.1016/j.rineng.2023.101275
https://doi.org/10.4314/wsa.v44i3.07
https://doi.org/10.3389/fsufs.2018.00070
https://doi.org/10.1016/j.ctcp.2020.101214
https://doi.org/10.2166/wpt.2021.108
https://doi.org/10.1080/00207239308710845
https://doi.org/10.3390/w14050720
https://doi.org/10.3390/w13223175
https://doi.org/10.3389/fenvs.2022.881623
https://doi.org/10.1016/j.chemosphere.2022.135952
https://doi.org/10.1016/j.biortech.2010.07.030

525 Progress in Engineering Application and Technology Vol. 5 No. 1 (2024) p. 512-525

[30] Singh, A, Srivastava, A., Saiduluy, D., & Gupta, A. K. (2022). Advancements of sequencing batch reactor for
industrial wastewater treatment: Major focus on modifications, critical operational parameters, and future
perspectives. Journal of Environmental Management, 317, 115305.
https://doi.org/10.1016/j.jenvman.2022.115305

[31] Wan-sheng, S., You-ju, S., & Chuan-ping, F. (2011). A pilot study on biological nitrogen removal in a frequent
anoxic-aerobic alternation sequencing batch reactor. 2011 International Conference on Consumer
Electronics, Communications and Networks (CECNet), 991-993.
https://doi.org/10.1109/CECNET.2011.5769268

[32] Zhang, Y., Islam, Md. S., McPhedran, K. N., Dong, S., Rashed, E. M., El-Shafei, M. M., Noureldin, A. M., & Gamal
El-Din, M. (2017). A comparative study of microbial dynamics and phosphorus removal for a two side-
stream wastewater treatment processes. RSC Adv,, 7(73), 45938-45948.
https://doi.org/10.1039/C7RA07610]

[33] Zhou, Y., Duan, N., Wy, X,, & Fang, H. (2018). COD Discharge Limits for Urban Wastewater Treatment Plants
in China Based on Statistical Methods. Water, 10(6), 777. https://doi.org/10.3390/w10060777

[34] Zhang, Y., Islam, Md. S., McPhedran, K. N, Dong, S., Rashed, E. M,, El-Shafei, M. M., Noureldin, A. M., & Gamal
El-Din, M. (2017). A comparative study of microbial dynamics and phosphorus removal for a two side-
stream wastewater treatment processes. RSC Adv., 7(73), 45938-45948.
https://doi.org/10.1039/C7RA07610]

Penerbit
UTHM


https://doi.org/10.1016/j.jenvman.2022.115305
https://doi.org/10.1109/CECNET.2011.5769268
https://doi.org/10.1039/C7RA07610J
https://doi.org/10.3390/w10060777
https://doi.org/10.1039/C7RA07610J

