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Abstract: Water contamination is a critical global issue affecting human health and environmental sustainability.
Conventional water treatment systems are often expensive and require skilled operation, making them unsuitable for
rural and low-income areas. The Advanced Slow Sand Filter (ASSF) is an improved and sustainable water purification
technique that enhances the efficiency of traditional slow sand filtration. This study presents the design, construction, and
performance evaluation of an advanced slow sand filter. The system incorporates multiple filtration layers such as fine
sand, coarse sand, gravel, pebbles, and an optional activated carbon layer. Additionally, a biological layer known as
schmutzdecke develops naturally and plays a vital role in removing pathogens.Experimental results demonstrate
significant reduction in turbidity, odor, and microbial content. The ASSF system proves to be cost-effective, eco-friendly,
and highly efficient for decentralized water treatment applications.
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I. INTRODUCTION
Water is an essential resource for life, yet access to safe drinking water remains a major challenge worldwide. Rapid
industrialization, urbanization, and population growth have led to increased water pollution.

Traditional water treatment plants involve complex processes such as coagulation, sedimentation, filtration, and
disinfection. These systems require high capital investment, energy, and technical expertise.

Slow sand filtration is one of the oldest and most reliable water purification methods. The advanced slow sand filter
enhances this method by:
e Improving filtration media
e Increasing biological activity
¢ Enhancing removal efficiency

This study aims to develop a low-cost, efficient, and sustainable water treatment system suitable for rural and small-
scale applications.

II. LITERATURE REVIEW
Slow sand filtration has been widely studied as an effective biological water treatment process for more than a
century. Early research established that slow sand filters can consistently achieve 90-99% removal of pathogens, including
bacteria, viruses, and protozoa. The filtration mechanism is primarily biological rather than physical, and several studies
confirm that water purification improves over time as the biological community in the filter becomes more established.

The efficiency of slow sand filters is influenced by factors such as filter media depth, sand particle size, filtration rate,
and raw water quality.

A key component of slow sand filtration is the development of the schmutzdecke, a biologically active layer formed on
the top of the sand bed. Researchers have shown that this layer contains microorganisms—such as bacteria, protozoa, fungi,
and algae—that contribute significantly to the removal of nutrients and pathogens. The schmutzdecke enhances natural
biodegradation processes, enabling the breakdown of organic matter and the reduction of turbidity. Recent literature
emphasizes its role in removing dissolved contaminants and reducing chlorine demand in the final disinfection stage.
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III. METHODOLOGY
e  Plastic/Concrete tank

e  Fine sand (effective size 0.2-0.3 mm)
e  (Coarse sand
e  Gravel (5-20 mm)

e  Pebbles
e  Activated charcoal
e PVC pipes

IV. RESULTS AND DISCUSSION
The performance of the Advanced Slow Sand Filter (ASSF) was evaluated by comparing key water quality parameters
before and after filtration. The parameters analyzed included turbidity, color, odor, suspended solids, pH, and overall
clarity. The results clearly demonstrate that the ASSF provides significant improvement in water quality, making the
treated water suitable for domestic and drinking purposes.

A. Turbidity Reduction

Turbidity was found to be one of the most significantly improved parameters after filtration.
e Before filtration, the turbidity of the raw water was high due to suspended particles, clay, silt, and organic debris.
e After passing through the fine sand, coarse sand, gravel, and biological layer, turbidity decreased drastically.

The reduction in turbidity can be attributed to:

e Physical filtration through fine sand

e Trapping of suspended solids in upper layers

o Biological activity of the schmutzdecke

e Gradual decrease in clogging with steady-state operation

Figure 1: Turbidity Reduction

This result confirms that the ASSF efficiently removes particulate matter even from highly turbid water sources.

B. Improvement in Water Color and Odor
The untreated raw water showed a muddy and sometimes yellowish coloration due to dissolved organic matter and
natural pigments. After filtration:
e The water became visibly clear and transparent
e Color values dropped within acceptable limits
e Odour was significantly reduced

What are the various causes of water odours

Figuréz : Water Color and Odour

33



ESP Journal of Engineering & Technology Advancements (ESP-JETA)

ISSN: 2583-2646
Special Issue: International Conference on Modern Engineering and Future Technologies (ICMEFT-26)

The inclusion of activated charcoal contributed to the removal of unpleasant smells and dissolved organic

compounds. The combined effect of adsorption (by charcoal) and biological degradation (by schmutzdecke) enhanced the
purification process.

C. Reduction in Suspended Solids

Suspended solids decreased sharply after filtration. The multi-layer design, especially the fine sand layer, captured
the majority of these particles.This reduction is important because suspended solids affect:
e  Water clarity

e Disinfection efficiency
e Overall aesthetic quality
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Figure 3: Reduction in Suspended Solids

The results show that the ASSF is capable of producing water with very low suspended sediment content.

D. Biological Purification

The schmutzdecke layer played an important role in removing organic matter and microorganisms. As
filtration continued over several days, the biological layer became more active and improved the purification efficiency.

The following observations were recorded:
e Decrease in microbial content
e Decrease in organic odor
e Improvement in water taste
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Figure 4 : Biological Purification

These results are consistent with previous studies showing superior microbial removal in slow sand filters compared
to rapid sand filters.

E. pH Stability

The pH values before filtration ranged between 6.5 and 7.8 depending on the water source. After filtration,
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the pH remained stable and within the permissible limits of potable water. The filter media did not introduce any
chemical contaminants, ensuring safe pH levels.

F. Filtration Rate

The filtration rate gradually stabilized after initial operation.
e  FEarly stages showed slightly slower flow due to formation of the biological layer
e  After stabilization, flow rate was smooth and uniform
e No major head loss issues occurred

This indicates that ASSF is suitable for continuous operation without frequent maintenance.

G. Overall Performance Analysis
The collected data indicates that the Advanced Slow Sand Filter provides:
e  High turbidity removal efficiency (70%-95%)
e  Significant color and odor reduction
e  Lower microbial count
e Improved aesthetic quality
e  Low-cost and sustainable filtration

The results support the use of ASSF for domestic and community-level water treatment systems.

V. CONCLUSION

The present study successfully demonstrates that the Advanced Slow Sand Filter (ASSF) is an effective, economical,
and environmentally sustainable method for water purification. The design incorporates multiple filtration layers—fine sand,
coarse sand, gravel, pebbles, and activated charcoal—along with a biologically active schmutzdecke layer, all of which work
together to significantly enhance water quality. The experimental analysis clearly shows substantial improvement in key
parameters such as turbidity, color, odor, suspended solids, and overall clarity.

The results indicate that turbidity removal was highly efficient, leading to visually clear water free from suspended
matter. The reduction in odor and color demonstrates the positive role of activated charcoal and biological filtration in
removing dissolved organic impurities. The biological layer proved effective in reducing microbial contaminants, thereby
producing safer and cleaner water suitable for domestic usage. Furthermore, the stability of pH values confirms that the
system does not introduce any chemical contaminants into the treated water.

One of the major advantages of the ASSF system is its low cost and simplicity of construction, which makes it highly
suitable for rural communities, small towns, and regions with limited access to advanced water treatment facilities. The
system requires no electricity, minimal maintenance, and relies entirely on natural processes. This makes the filter an ideal
solution for sustainable water treatment, especially in economically disadvantaged or remote areas.

The filtration rate was observed to be consistent after the initial stabilization period, indicating that the system can
function continuously with minimal clogging issues. Unlike rapid sand filtration, the ASSF system does not require chemical
coagulants or backwashing, further reducing operational costs and environmental impact.

From a practical standpoint, the study shows that the Advanced Slow Sand Filter can be implemented at both
household and community levels as part of decentralized water purification strategies. Its ease of operation, high efficiency,
and long- term sustainability make it a valuable technology for improving public health and supporting clean water
accessibility.
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