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Introduction
The textile industry is a major source of wastewater, using 
substantial amounts of water in wet processing operations. 
The discharged wastewater contains various pollutants such as 
acids, dyes, and chemicals [1,2]. Globally, the textile industry is 
a significant water consumer, with discharged wastewater that 
is often highly polluted [3]. On average, medium-sized textile 
mills use around 200 liters of water per kilogram of fabric 
processed daily. Textile dyeing and finishing contribute to 17-
20% of industrial wastewater, according to World Bank estimates 
[1]. Strict environmental standards necessitate adopting an eco-
friendly textile industry model, addressing flaws throughout the 
entire production process [2]. The textile industry, described as 
a complex industrial chain, starts with harvesting or producing 
fibers, undergoes multiple processing steps, and often emits 
pollutants. A major issue is the industry’s high-water consumption, 
resulting in heavily polluted wastewater [3]. Advanced water 
recovery systems are essential for managing complex textile 
effluents. This involves separating wastewater streams, using 
membranes, biological treatment, coagulation, and Advanced 
Oxidation Processes (AOPs). These methods enable the effective 
reuse of textile wastewater [3,4].

Biological treatment processes utilize the metabolic capabilities 
of bacteria to decompose both organic and inorganic compounds. 
Usually carried out in bioreactors with adequate aeration and 
agitation, these techniques have been in use for an extended period 
and undergo ongoing improvements. Chemical pretreatment 
is frequently utilized to transform biologically persistent 

pollutants [3]. Biological treatment provides a cost-effective and 
environmentally friendly option for treating textile effluents. 
Hence, numerous innovative efforts have been made to enhance 
biological reactor design and harness specialized microbes capable 
of degrading dyes [5].

Biological treatment uses microorganisms to break down organic 
pollutants, but some complex compounds resist degradation, 
compromising water quality. Bioaugmentation, the introduction 
of specialized microorganisms with the ability to break down 
resistant compounds, stands out as a cost-effective and eco-
friendly alternative when contrasted with conventional physico-
chemical methods. This approach not only offers an efficient 
means of addressing complex pollutants but also contributes to 
the sustainable and environmentally conscious management of 
wastewater, promoting a healthier ecosystem and reducing the 
overall environmental impact associated with water treatment 
processes [6]. The bioaugmentation technology implemented 
in this study combines beneficial microbes that are resilient to 
challenging environmental conditions and have the capability to 
address a wide range of complex organic compounds in wastewater.

Treatment Plant Design
The initial flow originates directly from the wastewater of the 
Laundry Processing Plant and enters the Equalisation (EQ) 
Tank. The laundering processes, which include water-washing 
and dual-phase washing, consume substantial amounts of water 
[7]. After EQ tank, it progresses through the treatment process, 
navigating the Moving Bed Biofilm Reactor (MBBR), Aeration 
tank 1 (AT1), Aeration Tank 2(AT2), Clarifier Tank(CT), Dissolved 
Air Floatation (DAF) system, and final treated effluent. DAF 
was implemented to enhance water clarity after the clarifier, and 
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this treatment unit heavily depended on chemical consumption, 
averaging up to 1.5 tons per day of Polyaluminum Chloride (PAC), 
10 kg/day of flocculant, and 100 kg/day of chlorine [8]. Operating 
a DAF system for one year incurs substantial electricity costs, 
with chemical expenses often being five or six times higher [8]. 
DAF, employing microbubble generation, offers an alternative 
for wastewater treatment. DAF has proven effective in treating 
various industrial effluents, removing organic solids, dissolved 
oils, and toxic organic chemicals [9]. The Moving Bed Biofilm 
Reactor (MBBR) system is recognized as an Advanced Wastewater 
Treatment that combines features from both Conventional Activated 
Sludge and biofilter processes, employing both suspended and 
attached biomass. While effectively treating the same wastewater 
volume as Conventional Activated Sludge systems, the MBBR 
system requires a significantly smaller footprint. Additionally, 
it seamlessly integrates into existing structures of Conventional 
Activated Sludge systems [10]. Return Activated Sludge (RAS) 
was maintained at 50% from the clarifier to the MBBR tank. The 
rate of Return Activated Sludge (RAS) is one of the operational 
factors influencing the characteristics of Activated Sludge (AS) 
in biological treatment [11].

Table 1: Volume for Each Unit in the Wastewater Treatment 
Plant
Treatment Unit Volume (m3)
Equalization Tank 504 m3

MBBR Tank 504 m3

Aeration Tank 1 504 m3

Aeration Tank 2 504 m3

Clarifier 400 m3

The average daily flow of wastewater was 2000 m3/day. Daily 
measurements on the Equalization tank included Total Suspended 
Solids (TSS), Turbidity, and pH. The average values for these 
three parameters in the Equalization tank are detailed in table 2.

Table 2: Average values of TSS, Turbidity and pH at the 
Equalisation Tank
Parameter Unit Average Values 
Total Suspended Solids (TSS) mg/l 350
Turbidity NTU 300
pH 8.5

Materials and Methods
The bioaugmentation technology applied in this study is a 
proprietary composite biocatalyst comprising a novel consortium 
of metabolically cooperative microorganisms. It is composed 
entirely of natural, non-genetically modified materials. During 
the initial ten days, an initial dose of 2 kg/day of bioaugmentation 
feed was introduced into the MMBR Tank, followed by a reduced 
amount of 1 kg/day for the remaining duration of the second month. 
For the dosing process, the decided dose of bioaugmentation 
technology was mixed with approximately 100 liters of water in a 
drum and then applied directly into the MBBR tank on daily basis.  

Results and Discussion
60% reduction in Total Suspended Solids (TSS) and 62% reduction 
in Turbidity (NTU) was observed within the first month of the 
bioaugmentation study, accompanied by a shift in pH to a neutral 
level. Figure 1 & 2 visually illustrates the noticeable contrast in 
wastewater clarity from the clarifier before and after the application 
of bioaugmentation technology. Plant operators noted that while it 
is common for the pH to fluctuate, the significant and immediate 
decrease in TSS and NTU was significant. 

Table 3: Daily Monitoring data for TSS, Turbidity and pH during Bioaugmentation Program
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Graph 1: TSS (mg/l) daily data at 7 am

Graph 3: TSS (mg/l) daily data at 8 pm

Graph 2: TSS (mg/l) daily data at 2 pm

Graph 4: TSS (mg/l) daily data at 2 amam

Figure 2: Influent and After 
Clarifier Wastewater after 
Bioaugmentation

Figure 1: Influent and After 
Clarifier Wastewater prior to 
Bioaugmentation
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Graph 5: TSS (mg/l) Average during Bioaugmentation 

Graph 7: Turbidity (NTU) daily data at 2 pm

Graph 9: Turbidity (NTU) daily data @ 2 am Graph 10: Turbidity (NTU) Average during 
Bioaugmentation

Graph 8: Turbidity (NTU) daily data at 8 pm

Graph 6: Turbidity (NTU) daily data @ 7 am
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Graph 11: pH daily data at 7 am

Graph 13: pH daily data at 8 pm

Graph 15: pH daily data at 8 pm

Graph 14: pH daily data at 2 am

Graph 12: pH daily data at 2 pm

Conclusion
The success of the bioaugmentation program at this site was 
evident in its immediate capacity to handle shock loads and swiftly 
recover from performance reductions in Total Suspended Solids 
(TSS) and Turbidity (NTU). The program’s remarkable rapid 
response from active biology not only facilitated a quick rebound 
but also played a pivotal role in minimizing chemical dosage 
rates. This proved particularly beneficial during peak loading 
days caused by a demanding laundry schedule, thereby easing the 
process burden on the site operators. As a significant outcome, 
the operators concluded that the bioaugmentation technology 
utilized in this study showcased a remarkable ability to respond 
rapidly within the plant. This responsiveness was not limited 
to specific operational conditions, indicating the efficacy of the 
bioaugmentation approach across a broad spectrum of challenges. 

The research findings confirm that bioaugmentation emerges 
as a practical and effective solution for industrial wastewater 
environments encountering difficulties in achieving improved 
settling rates and addressing Total Suspended Solids (TSS) 
efficiency within the clarifier.
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