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Abstract 

 

In regions without centralized wastewater treatment facilities, this thesis focuses on efficient household-level fecal 

sludge treatment, which is crucial for enhancing sanitation, lowering environmental pollution, and averting health 

risks. The performance of a home FST unit, which is intended to process and treat fecal sludge safely on-site, is 

assessed in this study.  The system's efficiency is assessed by monitoring key chemical and biological parameters, 

including total solids (TS), inorganic solids, pH value and conductivity over a specific period of 30 days. 

Experimental results indicate that the treatment unit effectively reduces total coliform by 99%, Fecal coliform by 

99%, total solid by 88%. While electric conductivity decreased to 2320 mS/cm from 7500 mS/cm, inorganic solid 

decreased to 7.93% from 35%, which stabilizes sludge, and enhances the potential for resource recovery. The study 

also looks at operating stability and maintenance requirements to establish the viability of wider adoption. The 

findings indicate that decentralized household fecal sludge treatment can be a feasible alternative for sustainable 

sanitation if system design, operational efficiency, and community engagement are addressed. However, further 

study is needed to maximize treatment efficiency, reduce costs, and improve user adaptability for widespread use. 

Keywords: Fecal Sludge Management, Household Treatment, Pathogen Reduction, Decentralized Sanitation, 

Public Health 

 

1. Introduction 

 

In many developing countries, rapid urbanization and population growth have resulted in a significant increase in 

the generation of fecal sludge (FS) from on-site sanitation systems such as pit latrines and septic tanks. In 

Bangladesh, more than 90% of urban households depend on on-site sanitation facilities, yet safe collection, 

treatment, and disposal of fecal sludge remain inadequate (SOP, 2024). This untreated sludge is often discharged 

into the environment, contributing to soil and water contamination, greenhouse gas emissions, and severe public 

health risks including diarrheal and enteric diseases (Berendes et al., 2017). 

 

Conventional fecal sludge treatment plants are expensive, land-intensive, and often non-functional due to poor 

maintenance, inadequate energy supply, and weak management frameworks (Strande et al., 2014). Consequently, 

there is a pressing need for decentralized and household-level treatment approaches that are cost-effective, easily 

operable, and adaptable to local socio-economic conditions. Household-level FS treatment can reduce the burden 

on centralized systems, improve environmental protection, and support safe resource recovery practices (Koné, 

2010). 

 

Several experimental studies have assessed sludge stabilization techniques such as drying beds, co-composting, 

and filtrations, but these approaches frequently face limitations in terms of operational complexity, treatment 

efficiency, and scalability in low-income urban communities (Tilley et al., 2014). Moreover, most of the existing 

research focuses on community-scale or municipal-scale systems, leaving a knowledge gap in practical and 

sustainable household treatment models. 

 

The present study addresses this gap by investigating a household-scale fecal sludge treatment system developed 

with locally available materials and low-cost technology. The study evaluates treatment performance for different 

parameters such as pH, conductivity, total solid, inorganic solid, total coliform and fecal coliform, while 

emphasizing feasibility, replicability, and sustainability in the Bangladeshi context. By observing the performance, 

this study also estimates the approximate timeframe for safe sludge disposal according to the standard value set by 

WHO. Findings from this research are expected to provide practical insights into safe sludge management at the 

household level, contributing to the national agenda for achieving safely managed sanitation and environmental 

protection. 

mailto:mnbari@ce.ruet.ac.bd
mailto:(protikpk2020@gmail.com)
mailto:zamansadat0006@gmail.com
mailto:m.islam2@unido.org


Md. Niamul Bari1, Protik Kumar Pramanik2, Muhammad Sadat Zaman2 and Md. Shahidul Islam3 

ICCEI 2025 

 

 

2193 

 

2. Methodology 

 

2.1 Unit Design and Setup 

A household-level fecal sludge treatment unit was 

designed using four cylindrical drums, each with a 

diameter of 360 mm and a capacity of 60 L. The treatment 

unit consisted of multiple filter layers to promote 

dewatering and stabilization of sludge. The bottom layer 

comprised 150 mm of demolition waste concrete serving 

as coarse aggregate, followed by 150 mm of coarse sand 

to enhance filtration. A geotextile membrane (3.85 mm 

thickness) was placed above the sand to act as a filtration 

barrier. Raw fecal sludge was loaded on the top of the 

geotextile layer, and dewatering occurred gradually 

through 36 outlet holes (3 mm diameter each) at the 

bottom of the drums. The effluent was discharged into a 

trench filled with coarse sand and demolition waste to 

minimize environmental contamination. 

 

2.2 Sample Collection 

The collection of fecal sludge samples was carried out 

following standardized procedures to maintain accuracy 

and reliability of test results. Samples were obtained from a designated household treatment unit consisting of four 

containers installed at Shaheed President Ziaur Rahman Hall, Rajshahi University of Engineering & Technology, 

designed specifically for sludge processing. To capture variations in sludge composition, samples were collected 

from all four containers at around 30-days intervals, a frequency for determining the retention time of sludge. 

Approximately 300 grams of sludge were collected per sampling to allow for multiple parameter analyses. The 

sludge was taken from the middle portion of the layer to ensure the overall parameter analysis, and plastic zip bags 

were used as collection equipment to prevent contamination during handling and storage. 

 

2.3 Laboratory Analysis 

The treated samples were analyzed in the laboratory to determine the treatment performance of the unit. Chemical 

parameters including pH, electrical conductivity (EC) were measured to assess basic sludge characteristics. 

Physical parameters such as total solid (TS) and inorganic solid (IS) were determined and microbiological quality 

was assessed by enumerating fecal coliforms and total coliform as pathogen indicators. pH, Electrical conductivity 

was measured by Electrical conductivity meter and pH meter. By oven drying method Total Solids (TS) quantity 

is measured. Compact Dry Ec plate was used for measuring Total Coliform and Fecal Coliform. Here maintaining 

temperature was 370ºC for 24 hours. Some tests are conducted in the environment lab of Civil Engineering 

Department, RUET and other tests were carried out in Fecal Sludge Laboratory of DPHE office. 

 

2.4 Data Analysis 

The collected data were statistically analyzed to determine removal trends and treatment stability over successive 

operational cycles. Results were compared with the WHO standard mentioned in the WHO(2006) to assess the 

compliance and sustainability of the household-scale fecal sludge treatment system. From the trendline found in 

the graphical analysis, the estimated timeframe for safe disposal is found out. 

 

3. Results 

 

The parameters tested from the day of implementation to day 443 is observed and arranged in Table 1. It shows 

gradual decrement in Conductivity, TC, FC, total solid and inorganic solid where we found a slight increase of pH 

over time. 

 
 

 

 

 

 

 

 

Figure 1. Cross Section of Household Fecal Sludge 

Treatment Unit 
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Time 

(days) 

pH Conductivity 

(mS/cm) 

Total Coliform 

(CFU/gm) 

Fecal Coliform 

(CFU/gm) 

Total Solids 

(%) 

Inorganic 

Solids (%) 

0 3.5 7500 200000 150000 70 35 

30 3.7 6700 150000 100000 64.5 - 

63 3.8 6130 150000 100000 61.8 - 

127 3.8 5650 50000 50000 58.35 - 

167 4 5215 50000 25000 55.4 - 

199 4.1 4930 45000 25000 49.7 - 

234 4.2 4700 35000 20000 45.25 - 

268 4.3 4480 25000 15000 42.5 - 

306 4.6 4150 25000 15000 34.8 - 

380 5.02 4085 1400 120 32.68 18.07 

415 5.08 2420 430 60 12.95 11.17 

443 5.18 2320 350 50 8.21 7.93 

 

3.1 Variation of Biological parameters (Total Coliform and Fecal Coliform) 

As in Figure 2, total coliform and fecal coliform count showed an exponential decrease in bacterial population 

over time. Due to extended retention time and unfavorable living environmental conditions such as nutrient 

depletion, increasing pH, temperature fluctuations and competition with other microorganism total coliform, 

progressive reduction in microbial contamination is achieved. 

 
 

 

3.2 Determination of Physical parameters (Total Solid and Inorganic Solid) 

Total solids content in fecal sludge was measured and indicated an exponential decrease over time as in Figure 3 

due to the biodegradation of organic matter by microbial communities and further break down of suspended and 

dissolved solids by anaerobic process. Inorganic solid shows a slight decrease with time in Figure 3 due to settling 

of heavier inorganic particles to the bottom or their possible removal with excess water during dewatering 

processes.  
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Figure 3. Variation of TS and IS with time 

Figure 2. Variation of TC and FC with time 

Table 1. Changes of different parameters with time timeframe 
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3.3 Variation of Chemical Parameters (pH and Conductivity) 

A slight increase in pH was observed from Figure 4 across this period. This gradual upward trend suggests a shift 

toward more alkaline conditions over time. Due to the decomposition of organic matter, which releases ammonia 

through ammonification. On the other hand, Figure 5 shows an exponential decrease of conductivity throughout 

the monitoring period, as the anaerobic digestion process remove or break down these substances. 

 

 

 

4. Discussions 

 

The analyzed fecal sludge samples were evaluated against international standards set by the World Health 

Organization (WHO) for treated sludge in Table 2 to assess compliance and potential environmental risks. 

 
 

 

Parameters After 443 days WHO Limit Estimated Timeframe 

pH 5.18 6-9 600 

Conductivity 2320 -- -- 

Total Solids 8.21 0.1 1700 

Inorganic Solids 7.93 -- -- 

Total Coliform 350 1000 428 

Fecal Coliform 50 400 388 

Source: https://www.who.int/publications/i/item/9241546824 

 

Only two parameters (Total Coliform and Fecal Coliform) are compliant with WHO standard within our observed 

time and other parameters required further treatment. To achieve the desired level treatment, the highest timeframe 

from Table 2 is 1700 days for Total Solids. 

 

This study demonstrated the potential of household-level fecal sludge treatment, but several limitations remain. 

The monitoring period was limited and did not capture long-term or seasonal variations. Only selected parameters 

(pH, conductivity, solids, and coliforms) were analyzed, while nutrients, heavy metals, and helminth eggs were 

not assessed, restricting a full safety evaluation. The system also required a long duration (up to 1700 days for total 

solids) to meet WHO standards, making it less suitable for rapid treatment. In addition, community-level issues 

such as user acceptance, irregular sludge loading, and maintenance were not addressed. Further design optimization 

and broader evaluation are needed before large-scale application. 

 

5. Conclusion 

 

Based on the findings of this study, the household-level fecal sludge treatment unit demonstrates significant 

potential as a viable, decentralized sanitation solution for non-sewered communities, effectively reducing key 

pathogens and pollutants. The system achieved a 99% reduction in fecal and total coliforms and an 88% reduction 

in total solids, thereby substantially lowering public health risks and environmental contamination. However, the 

extended timeframe required to meet WHO guidelines for certain parameters, particularly total solids, highlights 

a critical limitation in its operational efficiency. This underscores the necessity for further technical optimization 

to accelerate processing times, potentially through design modifications or the integration of pre-treatment stages. 
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Table 2. Comparison of parameters with WHO standard and estimated timeframe 
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These findings support the integration of such decentralized systems into national sanitation strategies for existing 

infrastructure and advance progress towards SDG 6. Successful implementation will require supportive 

frameworks that establish performance standards for household-scale treatment and local adoption. Furthermore, 

long-term sustainability depends on developing targeted community engagement programs to ensure proper 

operation and maintenance, addressing critical behavioral and socio-economic barriers. Therefore, while this 

model presents a promising, low-cost alternative for traditional fecal sludge sanitation system, its scalability 

depends on further advancements in technical design, supportive policy instruments, and robust community-level 

capacity building. 
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