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ABSTRACT 

World is facing the drinking water crisis. Due to increase in population, urbanisation and climatic change it 

estimates that clean water will be more challenging to obtain. So in a challenging situation a technique can be 

implemented to obtain clean water from waste water domestic system. Membrane bio sand filter is the filter which 

is having a membrane layer of RO system and it totally removes the debris and microbes from the water by 

forming biological zone. It is meant for simplicity and ease of use. This paper shows the research work on cleaning 

of waste water from the eutrophicated and polluted pond, it is filtered and results obtained after it passed through 

the BSF. 

KEY WORDS: BSF, Membrane layer, Bio film, drinking water. 

1. INTRODUCTION 

The MBSF filter is drinking water treatment system for household purpose anticipated for use in rural 

areas. As by reducing number of pathogens from water thus it demonstrate a significant role to reduce the hazard of 

disease. To use a filter one pours the waste water from the above and allows it to move by gravity towards the 

bottom of the filter. It is mostly believed that the pathogens are removed in the upper layer of biological layer. 

From many villages if the water from lakes and ponds are taken for test then it shows the presence of E-coli 

bacteria and other particulate matters which makes water unfit for drinking. So if MBSF filter is used in these rural 

areas then it certainly prevent the disease caused by unprotected water. In developing countries, it does not have 

any central sewage system or water treatment technology for treating of water. So people prefer boiling of water, 

which required to spend timing in cutting down of trees or gathering woods for fires, leading to deforestation and 

pollution. It is being growing concern in developing countries to develop water resource. Water must be hauled 

over very long distances in many rural communities, due to lack of water treatment people consume it directly. 

Thus, many health problems are affecting people who consuming it. Diarrheal is the most important disease 

affected by contaminated water. Nearly 90% of children are dying every year due to diarrhoea and unsafe water. 

To avoid this risk it is necessary to take some steps to treat water. This paper gives knowledge on 

modification made on the bio sand filter to filter the polluted water and results obtained after water got filtered 

from the lake. While purifying the unclean water into potable water, the impurities, fragments of flocculants, 

debris, floating solids and pathogens are reduced. MBSF does biological activity. Pathogens such as bacteria, 

viruses, parasites etc… travel through the sand, membrane layer, gravels, charcoal, they collide with and adsorb on 

the filter beds. The organisms and particles collect in the greatest density in the top layer of filter gradually forming 

bio film. Bio film living within the top layer of filter, which are responsible for much of the removal of disease 

causing organisms. The bio film is the key component of the filter that removes pathogens. RO membrane layer is 

inserted in between the layers of filter bed for more purification than normal purification. These membranes are 

thrown as waste after the validation period of it is terminated; to avoid it can be used as one of the filtrate layer in 

the filter. The modification made the bio sand filter more suitable for rural household purpose. It can be produced 

anywhere using readily available materials and it is portable to any places. 

 
Fig.1. Block Diagram 

Explanation of Block Diagram: This project have a method of implementing membrane layers from the RO 

system. It has a various layers in biosand filter bed. Layers like fine gravel, coarse gravel, fine sand, coal, 

membrane layer and feed channel spacer is used up for the proposed model. Each layer has different function and 

purifies water to the maximum level. These layers are designed according to the maximum level of filtering the dirt 

and thus the layers are repeated twice, which gives rich filter. Membrane layer and feel channel spacer are the parts 

which is taken from the RO membrane. It is kept as a layer in between the filter bed of BSF as mentioned in Fig.1. 

A bio sand filter is a simple type of water purification system that uses sand, gravel, gravity and some 

simple engineering to purify water contaminated with chemicals and biologics. Its structure is filled with layers of 
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gravel and sand that improves the growth of good microbes that are naturally present in water, just like in the 

ground of nature. These good microbes develops "bio film" which destroys pathogenic (i.e., disease-causing) 

microbes to produce very clean drinking water. The sand traps, adsorbs (i.e., get struck to sand particles) the 

pathogenic microbes and also them die from lack of food or oxygen. Coal is also being very good layer which 

adsorb the disease causing bacteria. 

Experimental Background and Approach: The bio sand filter is a revised form of the old-fashioned slow sand 

filter such that filters can be made in small scale and be operated intermittently. This modification is well suitable 

for the small group and household uses. The bio sand filter can be made anywhere with the help of readily 

available materials in the earth. 

The water is simply made to flow from the top and collected at the bottom of a storage tank using pipe. A 

biological layer called bio film of slime, sediments and microbes develops at the sand surface. Suspended particles 

and pathogens are made to remove through various biological and physical process that occur in bio film and sand. 

As the water is flowed through the filter, oxygen is supplied to the bio film by dissolved oxygen in the water. At 

pause time, when water is not flowing, oxygen will be obtained by diffusion process from the air. 

2. MATERIALS AND METHODS 

Gravels: The primary role of the gravel in the bio-sand filter is to prevent clogging of the pipe with sand.  For this 

BSF filter two layers of gravels are used i.e., fine gravel, followed by coarse sand. The coarse gravel is deep to 

cover the inlet to the pipe and opening should be large enough for make flow of water out of filter and the fine 

gravel will not allow the overlying sand particles to sink into its pores. Gravels are used for filtering, when water 

passes through layers of gravel it would strip sediments, removes odors, break down impurities and purify the 

water to the point of usability.    

Sand: Water passes from top to bottom of the filter bed. Larger suspended particles gets settled in the top layer and 

smaller particles left in the filter bed are eaten by microscopic organisms including protozoan’s and bacteria which 

stick around the sand particles. If the grain size of sand is around 0.1 mm in diameter, the filter can remove all 

viruses and fecal coliforms. 

Charcoal: charcoal is used to eliminate the impurities, unwanted odors like smoke, fumes and animal odor. Mainly 

it is used to remove the fecal matter from the water, fecal matter consists of E-coli bacteria which makes water 

unfit for drinking and these charcoal easily removes it when polluted water is made to pass through the filter bed. 

Feed channel spacer: The thicker channel spacer traps the macro particles within the spacer mesh. For particles to 

get trapped, the thicker channel allows the particles to be removed more easily during chemical cleanings. If the 

particles are having leaflets or solid particles and macro particles, this layer will easily filter it by trapping it. Feed 

channel spacer is of 0.7mm or 0.8 mm. 

Membrane layer: The RO membrane is taken from the RO system. It is an useless membrane thrown as waste 

after its validation period is completed. The RO membrane layer is cleaned because it contains numerous amount 

of saline deposition within it. So after cleaning, the layer is peeled out separately and used as membrane layer in 

the bio sand filter. Membranes are cast in thin sheets or extruded as hollow fibers 80 or 250 um in diameter. Since 

it have very small pores within it, easily purifies and filters the debris, microbes etc., very easily. 

Prototype of Filter: It is made in a bottle with coarse gravel, fine gravel, sand, charcoal, feed channel spacer, 

membrane layer, and plastic pipe. The experiment was done in this prototype and obtained the results. Fig.2 depicts 

the prototype of filter. 

 
Figure.2. Prototype of Filter 

Analysis: A sample of water is taken from the tap and it is made to mix with the sand to attain sandy colour water. 

This water is very difficult to consume as it will contain chemicals, bacteria, virus etc., when it is passed through 

the filter there we obtain clean water which can be used for drinking purpose. Fig.3 depicts the change of colour of 

water after passed through the filter. 

  
Figure.3. Change of colour of sample. Figure.4. Saveetha Water Park 
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A sample is collected from this Saveetha water park Fig.4 which is a Eutrophicated lake. It is a water park 

which have a deposition of faecal matters, chemicals and thus it is unfit for drinking purpose. The sample is passed 

in to the filter and the resultant sample is given for water analysis. 

3. RESULTS AND DISCUSSION 
Most probable number and spread plate technique is followed to obtain the results for filtered sample and 

unfiltered sample. 

Results of Most probable Number Testing: In water few coliform per litre makes a potential health hazard. At 

this situation the concentration of cell is very low, so Most Probable Number technique is used to solve the 

problem. It is the technique which is used for counting the coliform bacteria and thus selective and differential 

media must be used. As the cells are distributed randomly, statistical technique is used to estimate the number of 

coliform bacteria present in the sample. Fig. 5 depicts the Most Probable Number Testing. 

  
Figure.5. Most Probable Number Testing 

Results of Spread Plate Technique: In spread plate technique, 0.1 ml of diluted sample is pipetted onto the 

solidified agar medium surface and spread with a bent, sterilized glass rod. After the plates have been incubated for 

a week, the average number of colonies are determined in plates. The number of viable microorganism per ml of 

initial culture is used for calculating CFU (colony forming units). The demerits of colony plating method are the 

period of incubation is lengthy, apparatus like pipets, sterile media and plates are required and occurrence of 

sampling and dilution errors. Fig.6 depicts the Spread Plate Technique. 

  
Figure.6. Spread Plate Technique 

Reports: The report for bacteriological analysis of filtered water sample Fig.7 (b) and Fig.7 (d) and unfiltered 

water sample Fig.7 (a) and Fig.7 (c) using Most Probable Number and Spread plate Techniques is shown below. 

This report shows the level of bacteria reduction from the sample of BSF filter and check whether the water is 

potable. 

If there is presence of coliform bacteria, the water is unfit for drinking. MBSF filters all coliform bacteria 

thoroughly and thus can be used for consuming. Even debris, chemicals and other microbes are removed from the 

water.  

a b c d 

Figure.7.  (a),(b),(c),(d) Reports for Bacteria Analysis 

*The filter made unsatisfied water to satisfied water for drinking purpose. 

*Estimated Aerobic plate count was reduced from 7.5 * 103 cfu/ml to 1.4 * 102 cfu/ml. 

4. CONCLUSION 

Thus the purified water is obtained from the unclean water and is potable. More modifications can be made 

to commercialise this product among the rural people for very low cost which satisfies there requirement. This 
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filter is a household treatment device. Water can be obtained from any source like river, pond, lake, well or a 

stream, and used immediately after filtration. It is user friendly and durable. It can be easily carried from one place 

to another or this filter can be made on spot without any difficulties. Some places in north India people are still 

consuming unclean water which adversely affect their health. To prevent these issues this BSF can be made 

commercially and provide to these water delinquent area. So, filter is cost effective and can be used in the water 

scarcity places where only unclean water is available. 
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