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Abstract 
 

In Bangladesh, a prevalent method of individual sewage disposal involves septic tanks combined with soakage 

pits. Unfortunately, most of the users discharge their effluent directly into city drains or open areas, contributing 

to the contamination of both surface water and groundwater. This study aims to improve the removal efficiency 

of septic tanks by introducing a geo-filter. In a laboratory, a septic tank model was meticulously designed, 

maintaining an inflow rate of 0.224 L/hour to achieve a two-day retention time. Domestic sewage from the septic 

tank was positioned 300mm above the model in a mixing bucket for gravity flow, facilitated by an electric mixer, 

ensuring uniform wastewater quality. A 75-mm premature sludge layer below the septic tank model was 

incorporated, and the effluent underwent filtration through a geo-filter. The filtration process shows promising 

results in treating and eliminating organic contaminants such as BOD, COD, TOC, and TSS. The septic tank 

with a geo-filter demonstrated significantly higher removal efficiencies compared to the traditional septic tank: 

79.3% for TSS, 80% for COD, 85.7% for BOD5, and 76.6% for TOC. These findings indicate that the treated 

effluent poses a minimal threat to water quality and holds potential for applications like reclamation, 

groundwater recharge, and evapotranspiration. 
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1 Introduction 
 

In Bangladesh, the most common type of individual sewage disposal system is a septic tank with a soakage pit. 

About 33.1 million (20.1%) people of Bangladesh have coverage of sewer system with septic tanks. Among the 

total sanitation coverage of 73% in Dhaka about 40% population is served by individual septic tanks (Raju 

Ahmed et al.,2019).  

Septic Tank systems are also widely used in the 246 million population  

of Southeast Asia, Brazil, and Mexico (Nieć et al., 2016). The septic tank receives household wastewater, 

separates the solids from the liquid, stores the solids for anaerobic decomposition, and discharges the partially 

clarified liquid effluent for disposal. In most places, discharging septic tank effluent directly into open water 

bodies, drains or ditches are common practice in Dhaka city Untreated effluent endangers the environment and 

health, necessitating effective septic tank effluent filters for organic contaminants (Stafford et al., 2005). Under 

normal design conditions in a typical septic tank BOD removal and TSS removal can be achieved up to 45% and 

60% respectively. That means the BOD and TSS levels in the septic tank effluent still remain above the ECR-

2023 Wastewater discharge standard values (BOD=30 mg/L, COD=125 mg/L & SS=100 mg/L)(Siam et 

al.,2023). Introducing a cost-effective, easily produced, and easily maintainable Geofilter could be an effective 

option to reduce BOD and SS in the septic tank effluent. 

The principal objective of this study is to improve the quality of septic tank effluent by applying a geotextile 

filter and to introduce a low-cost cost easily manufacturable and maintainable Geo-filter made of geotextile for 

developing countries like Bangladesh. 

The study was conducted in a laboratory setting due to the inadequacies and complexities of managing a septic 

tank. The test was performed using a septic tank model. This filtration process can be highly efficient in treating 

and removing BOD5, COD, TOC, and TSS from wastewater. Septic tanks with geotextile filters significantly 

outperform those without. In developing nations like Bangladesh, where septic tank effluent filters are not 

common, we propose a cost-effective, easily-produced geotextile filter. 
 

2 Methodology  

 

2.1 Laboratory Setup 

 

Due to the challenges and intricacies associated with septic tank management, the study was specifically 

structured in a laboratory environment. The experimentation utilized a model simulating a septic tank for testing 
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purposes. A septic tank model shown in Figure 1, was prepared in the Environment laboratory, BUET, Dhaka, 

Bangladesh.  Laboratory setup includes 5 steps. 1) Model Septic Tank, 2) Raw waste-water collection, 3) 

Influent Arrangement, 4) Mature sludge preparation and 5) Effluent Arrangement.  The geo-textile filter was 

positioned tightly in the septic tank reactor, right before the outlet. 

 

 

Figure 1: Septic tank model. 
 

2.1.1. Model Septic Tank 

 

The reactor is made of sturdy transparent plastic in a cylindrical shape with a volume of 10.75 liters and an inner 

diameter of 14.2 cm. The influent pipe is attached just above 1.5 inches from the bottom. The septic tank inlet is 

strategically placed in a bucket positioned one foot above the model, enabling gravitational flow. This bucket is 

connected to the septic tank model's inlet pipe. A control valve was used to maintain a flow rate (influent) of 

0.224 L/hour, ensuring a two-day retention time. An electric mixer with a rotating shaft, operating at a speed of 

40 rpm, is positioned inside the mixing bucket to ensure the homogeneous mixing of all solid particles without 

any precipitation. Anaerobic condition is maintained through an air-tight system. The entire reactor was 

supported by a mild steel holder system. A 75 mm initial mature sludge layer was introduced at the base of the 

septic tank model. To maintain anaerobic conditions, the septic tank model (reactor) was entirely covered with 

black paper. The geo-textile filter was positioned tightly in the septic tank reactor, right before the outlet. The 

complete laboratory setup is shown in figure 2. 
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Figure 2:  Full Drawing of Laboratory Setup 
 

2.1.2 Raw Waste Sewage Collection 

 

Raw Sewage (after settlement of solids in the bottom of the tank) was collected from the BUET teachers quarter 

septic tank shown in Figure 3. Which was placed in the mixing bucket as an influent of our Model Septic Tank. 
 

 

 

Figure 3: Raw Sewage Collection. 
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2.1.3 Influent Arrangement 

 

The initial step involved transferring untreated household wastewater from the septic tank inlet of BUET 

teachers' quarters into a bucket positioned one foot above the septic tank model, facilitating gravitational flow. 

This bucket was connected to the inlet pipe of the septic tank model, situated just above 1.5 inches from the 

tank's bottom. To maintain a consistent flow rate (influent) of 0.224 L/hour and achieve a two-day retention time, 

a control valve was employed. An electric mixer in the bucket ensured the uniform quality of the wastewater. 

Throughout the experiment period of 10 days, the mixing bucket was replenished four times. 

 

2.1.4 Matured Sludge (Active Biomass) Preparation: 

 

To simulate conditions resembling an actual septic tank, a 75-mm layer of mature sludge was initially added at 

the bottom of the septic tank model. To prepare the sludge, a 25 L large bucket was partially filled with raw 

wastewater, and 200 ml of sugarcane juice was incorporated. Aeration was ensured by utilizing five aerators to 

promote sufficient oxygenation shown in Figure 3.1. A daily dose of sugarcane was administered, and after a 5-

day period, the water attained a clean state, prompting its withdrawal. Subsequently, the process was repeated 

with a decreasing dosage of sugarcane over a 15-day cycle to enhance sludge digestion. This mature sludge 

shown in Figure 4.2, rich in bacteria, serves as a crucial component for the model septic tank, where bacterial 

activity aids in the decomposition of wastewater. The efficiency of the septic tank's removal process is 

contingent upon the maturation of this sludge.  

Initially, the functionality of our septic tank model and Sludge performance was assessed shown in Figure 5 by 

simulating a synthetic wastewater with an average COD of 702 mg/L. In the absence of a filter, COD data were 

collected for both influent and effluent wastewater. Additionally, the flow rate was meticulously examined to 

ensure the retention time was maintained at two days.  

 

  

Figure 4.1: Wastewater in bucket with aerator. Figure 4.2: Prepared final matured sludge. 

 

2.1.5 Effluent Arrangement 

 

The effluent was collected and sampled at two key points: 1) Effluent just before filtration, an effluent pipe that 

was connected just before the geo filter. and 2) Effluent immediately after post-filtration, which was connected 

just after the geo filter. Effluent from points 1 and 2 was collected by two outlet pipes connected at the top of the 

reactor. 

 

2.2 Geo Filter and its Setup 

 

Effluent filters are becoming more prevalent worldwide, yet their adoption is non-existent in Bangladesh. The 

available types of septic tank effluent filters often prove expensive and challenging to maintain due to issues like 

clogging and other complications (Sharma et al.,2022). Consequently, our efforts have been directed toward 

creating a cost-effective and easily maintainable alternative for a septic tank effluent filter. In Figure 5, a filter 

composed of three layers of geotextile, each layer having two plies, each ply measuring 3.882mm in thickness, 



Ali. Kawsar, Md. Mehedi. Hassan, Md. Delwar. Hossain, Snigdha. Afsana 

ICCEI 2025 
 

1886 

was employed. Each layer rested on a circular plastic perforated mesh to ensure unimpeded flow and prevent 

clogging. It was strategically placed to block scum and floating waste from passing through. Three 0.75-inch 

hollow nuts, inserted into a grooved 1 cm (Dia) rod with a screw for compressing the filter material, separated 

these layers. The filter was fully integrated within the reactor, allowing effluent to traverse it. This Biofiltration 

traps particles within and on the surface of the filter material, in contrast to the biofilm, which contains living 

biomass and removes organic substances (Grabarczyk et al., 2010). The geotextile filter was positioned tightly in 

the septic tank reactor, right before the outlet. 
 

 

 

Figure 5: Geotextile filter. 
 

2..3 Organic Contaminant Removal 

 

The study primarily assessed organic contaminants Chemical Oxygen Demand (COD), Biochemical Oxygen 

Demand (BOD5), Total Organic Carbon (TOC), Total Dissolved Solids (TDS) and Total Suspended Solids 

(TSS) Ammonia (NH3). These parameters were sampled at three key points: 1) Influent (Raw wastewater), 2) 

Effluent just before filtration (Without Filter), and 3) Effluent immediately post-filtration (With Filter). Effluent 

from points 2 and 3 was collected by two outlet pipes connected at the top of the reactor. These parameters were 

regularly tested in the BUET Environment Laboratory.  

 

3. Result and Discussion 
 

In the laboratory setting, the impact of a geo-filter on the overall removal efficiency of a septic tank was 

investigated by directing the septic tank effluent through the geo-filter material without providing ventilation to 

maintain anaerobic conditions. 

To ensure the quality of the effluent, the sample wastewater underwent initial screening, particularly targeting 

larger suspended particles. These larger particles had the potential to influence both the effluent quality and the 

controlled flow rate of 0.224 L/hr, a critical parameter maintained for a two-day retention time. The entire 

process was carefully managed to prevent clogging of the inlet pipe, with consistent efforts to control the 

concentration of suspended solids. 

The wastewater sample, positioned in a bucket one foot above the top of the model septic tank, facilitated gravity 

flow. To maintain a homogeneous mixture and prevent precipitation, an electric mixing machine operating at 40 

rpm was introduced into the bucket. The inflow occurred through a perforated PVC pipe just above 1.5 inches 

from the bottom of the model septic tank. At the base of the model septic tank, a 3-inch premature sludge layer 

was placed, and the perforated pipe was submerged into this sludge layer. The wastewater subsequently passed 

through the filter towards the effluent outlet, which included two additional outlets for collecting samples—one 

before filtration and another during filtration. 

After this process, samples were collected at various stages: initial influent, before the filter, and after the filter. 

The water qualities were assessed by measuring COD, BOD, TOC and TSS at each stage.  

The experiment persisted for 10 days, during which wastewater or raw sewage was replenished four times in the 

mixing bucket to sustain the entire procedure.  

The geotextile filter is likely to become clogged frequently during operation. To address this issue, only the 

geotextile component of the filter casing should be replaced when clogging occurs. It is very easy, simple and 

cost effective solution. 
 

3.5 Removal Efficiency Comparison of Septic Tank without Filter and With Filter 

 

Significantly higher removal efficiency is noted in septic tanks equipped with a geo-filter compared to those 

without. Figure 6 illustrates the removal efficiency of septic tanks for TSS, COD, BOD5, and TOC with and 
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without a geotextile filter finally. Over time, bacterial growth accelerates, leading to increased removal 

efficiency. Yet, the geotextile filter's effectiveness may diminish due to biodegradation and potential clogging, 

necessitating regular maintenance. Further implication plans involve integrating geo-filters into practical septic 

tank systems, addressing various wastewater strengths, the removal of organic contaminants and dissolved 

substances, nutrients (nitrogen and phosphorus), and pathogens. 
 

 

Figure 6: Variation of removal efficiency of a septic tank with geo-filter and septic tank without geo-filter. 
 

4. Conclusion 

 

The results suggest low risk to water bodies and potential benefits for reclamation, groundwater recharge, and 

evapotranspiration. Overall, septic tanks with geo-filters exhibit around 60% higher removal efficiency compared 

to those without. Geo-filtered septic tanks outperform those without, with removal rates 90.4% higher for BOD5, 

100% for COD, 53.2% for TOC, and 32.17% for TSS. This study introduces an affordable and easily producible 

septic tank effluent filter made of geo-textile. Future plans include Incorporating a geo-filter into existing real 

septic tank systems: Expanding the monitoring capabilities of the geo-filter, undertaking long-term observations, 

and assessing the observation frequency for filter maintenance.  
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