ALTERNATIVE WATER SYSTEMS PROJECT
IDRC Project/Centre File Number: 105721-002

FILTER DEVELOPMENT SUMMARY REPORT

Prepared by:
Jincy Jose, Project Associate
Dept. of Civil Engineering, Indian Institute of Technology Madras

Edited by:
S. Imran Ali

Project Coordinators:
S. Imran Ali, BSc(Eng), Project Coordinator
School of Engineering, University of Guelph
alis@uoguelph.ca
Ligy Philip, PhD, Project Leader (India)
Dept. of Civil Engineering, Indian Institute of Technology Madras
ligy@iitm.ac.in

Date of Report:
April 15, 2011

Table of Contents
1

2

3

4
5

Introduction................................................................................................................. 1
1.1
Objective ............................................................................................................. 1
1.2
Present Water Quality Status .............................................................................. 1
Filter types tested ........................................................................................................ 3
2.1
Earthen Pot.......................................................................................................... 3
2.2
PVC Pipe model.................................................................................................. 4
2.3
Small bucket filter............................................................................................... 5
2.4
Design of 4 pot system........................................................................................ 6
2.5
Alum Method ...................................................................................................... 7
Community-based design of bucket filters ............................................................... 11
3.1
Evolution of design ........................................................................................... 11
3.2
Schematic of final bucket filter design ............................................................. 12
Laboratory-based pilot testing of final bucket filter ................................................. 15
Cost estimates of final bucket filter .......................................................................... 17

ii

1 Introduction
1.1 Objective
To design and develop cheap bacteria, pollutants free water filter for best durability, decent flow
rate for supplying safe potable drinking water to the slum community.

1.2 Present Water Quality Status
According to the analysis results of the water sample in Balaji Nagar the levels of MPN; COD,
and turbidity are regularly in excess of permissible limits set by the BIS. These indicate that the
main water quality concerns in the lake source at Mylai Balaji Nagar are:


Organic contamination



Turbidity



Microbiological contamination

A drinking water treatment system in the case study community should be responsive to these
concerns and able to handle these contaminants.
The following graph shows the current water quality status
Figure 1 Total Coli forms
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Figure 2 Fecal Coli forms

Figure 3 Turbidity
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Figure 4 COD

2 Filter types tested
We primarily worked on six main models:
1)
2)
3)
4)
5)
6)

Earthen pot
PVC pipe model
Simple Plastic bucket
Steel Pot – 4 Pot system
Plastic Pot – 4 pot system
Alum Method

Sand and charcoal is used as the filter media for all 6 types of filters. The particle size of the sand is
0.3mm (it has to pass through 0.5mm sieve and retained in 0.3mm). This small size resulted in virtually
all of the suspended material being removed at the filter surface. Filtration efficiency will increase with
decreasing particle size.
Charcoal is crushed into small pieces (it should be in uniform size) and washed till it loses the black
colour.
Pilot studies were conducted on all models using water collected from the lake in balaji Nagar.

2.1 Earthen Pot
Earthen pot of approximately 5 liter capacity was used for the study. Sand and charcoal layer measuring
almost 3cm in length was used as the filter material and the collected water sample was made to pass
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through the layers and the flow rate is maintained as 2.5l/hour. Treated water collected at certain time
intervals for the further analysis. There was a decrease in the level of MPN, COD and Turbidity at certain
time intervals.
Figure 5: Earthen pot system

2.2 PVC Pipe model
Filter was designed using 7.2 inch diameter and 40 cm long PVC pipe fixed tap at the bottom for
collecting filtered water sample. Put gravel at the bottom and spread a nylon cloth over the gravel. Then
put crushed charcoal up to 13 cm. spread another nylon cloth over the charcoal. On top of that put sand up
to 13cm. The purpose of placing the nylon cloth is to avoid mixing of sand and charcoal. Then poured 5L
of water sample and allowed to stand for 30 minutes. After 30 minutes collected the filtered water sample
from the tap and analysed MPN, COD and turbidity. The removal of Turbidity, COD and MPN is
comparatively high.
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Figure 6 PVC pipe Model

2.3 Small bucket filter
Plastic Bucket
A normal plastic bucket of approximately 20liters was used initially. Put gravel at the bottom and spread a
nylon cloth over the gravel. Then put crushed charcoal up to 5 cm. spread another nylon cloth over the
charcoal. On top of that put sand up to 5cm. The purpose of placing the nylon cloth is to avoid mixing of
sand and charcoal. Then poured 5L of water sample and collected the filtered water sample from the tap
and analysed MPN, COD and turbidity. There was a decrease in the level of removal of Turbidity, COD
and MPN.
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Figure 7 Plastic Bucket Model

2.4 Design of 4 pot system
Initially we have developed a filter in 4 layer type. Filter was designed using 5L plastic pot as
well as silver pot. We have made a stand with 4 layers. In the 4 layers, 1 layer will have raw
water sample in a pot and a hole was made in the bottom of the pot and it is allowed to pass to
the next layer. The next pot will contain fine sand in it and it is again allowed to pass to the next
pot containing crushed charcoal. Finally it is allowed to pass to another pot, it acts as a reservoir.
The flow rate is maintained as 2.5L/hour. We tested the water quality after passing into this
filter. There was a decrease in the level of MPN, COD and Turbidity.
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Figure 8 Four Pot system Model

2.5 Alum Method
As per the survey, it is found that for a family of 5 members they need average of 20 liters of water per
day. So the volume of the container is increased as 50L. Bucket is fixed with the tap above 7cm from the
bottom and placed in a stand. 20 L of water sample is poured in to the bucket and mixed 2g of alum,
stirred well and allowed to settle for 1 hour. After one hour filter the water using cotton sari and allowed
to pass in 20L plastic pot with tap. Put 2 chlorine tablets in the pot and allow the chlorine to disinfect the
micro organisms for 30 mins before drinking.
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Figure 9 Alum method
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Figure 10 COD comparison of different filter types

Figure 11 Turbidity comparison of different filter types
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Figure 12 MPN comparison of different filter types
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3 Community-based design of bucket filters
We have conducted 5 community meetings in Balaji Nagar. It was very helpful for the development of a
suitable water filter for the community. We demonstrated all 6 filter designs which we designed at lab
and explained the filtration process. We described the need for the filter design and water analysis. People
were given suggestions on the filter design. When we conducted 1 st community meeting people were
given suggestions on the filter design. When we demonstrated earthen pot system people were not
interested to use as it is fragile. Even the maintenance of the 4 layer system will be quiet difficult because
every house has at least two children. They expressed the space constraint problem while using 4 pot
systems. So they want a filter system which will be suitable for their living condition. In PVC pipe model
they said that they will get only 5 litres of filtered water at a time. Out of these 6 designs they were more
interested on 20 L plastic bucket model since it is very simple. Some of the people preferred alum method
since the procedure is comparably easier than bucket filter method. But we explained them that bucket
filter will be much efficient than alum method only the procedure is little difficult. Then people expressed
that they are ready to use bucket filter method because they need effective filter type method rather than
easiest method.

Initially they were apprehensive on using sand and charcoal as a medium in the filter Because they felt
cleaning of sand and charcoal may consume lot of time. They even expressed that the disbursement of
water happens only once in a week or even it may be once in two weeks time also. The storage of
drinking water also a problem in balajinagar. So they need a filter which can also meet the storage need.

3.1 Evolution of design
From the community meetings we have taken into consideration of the suggestion of the people. We
incorporated the changes in the filter and focused more on bucket type single container and increased the
capacity of the bucket so as to meet the demand of the drinking water since the ongoing survey found that
people at least need 20L of drinking water in a day. We developed a piping system at the bottom of the
plastic bucket in order to increase the efficiency of the filtration.

50 L capacity of plastic bucket is used for filtration and put a hole in the bucket and set PVC pipe
horizontally and connected a small PVC pipe in inclined position. Then filled the charcoal and sand at the
top. Poured the water and maintain the pressure so that water will be pumped out.

After placing the 1.25 inch PVC pipe horizontally (holes should be made in a top surface, so as to water
will flow into it) and connected 0.5 inch PVC pipe in inclined position. Then connected an elbow bend
and it will be connected to a 0.5inch pipe in vertical position and it is connected to tap. After fixing the
PVC pipe, covered the holes in PVC pipe by nylon cloth to restrict the flow of sand into the pipe. Then
put gravel at the bottom to support the inclined PVC pipe. Above the gravel spread a nylon cloth and
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filled charcoal. The nylon cloth helps to avoid mixing of sand and charcoal. After that filled it with sand.
The particle size of the sand is 0.3mm (it has to pass through 0.5mm and retaining in 0.3mm sieve) Above
the sand spread a cotton cloth and poured the water sample. 20-25 litres of lake water was collected and
mix 2g of alum and allowed to settle for 30 minutes and passed through the filter.. The water will pass
through sand and charcoal and maintained the flow rate as 2.5L/hour so as to get 20L of water in 8 hours.
The filtered water is collected in the plastic pot. Then chlorination is done by using chlorine tablets
(2tablets/20L).

Initially we conducted the filter study using sand with particle size 0.5mm.There was a decrease in the
level of COD and Turbidity. However, in order to increase the removal efficiency, changed the particle
size as 0.3mm. The smaller the size of media, the smaller the pore openings through which the water will
pass. It will enhance the filtration efficiency. Moreover, chlorination helped the complete removal of
pathogens from the water sample. The level of residual chlorine is 0.2mg/l.

3.2 Schematic of final bucket filter design
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Figure 13 Bucket filter and piping system
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4 Laboratory-based pilot testing of final bucket filter
A laboratory pilot was conducted of the finalized 50-L plastic bucket filter design. Water was collected
from the lake each morning and the filter was tested for a total of 27 days. Part way through the water was
collected in bulk and stored at-site in the IIT labs (from the 19th to the 27th trials). The following tables
present the summary data for the efficacy of the filter in the lab at controlling turbidity (
Figure ) and microbiological contamination (Figure 8).

Figure 14 Efficacy of filter in lab for turbidity control.

Efficacy of Filter for Turbidity Control
45.0

40.0

35.0

Turbidity (NTU)

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Replicate Trial No.
Raw water

Filtrate

15

17

18

19

20

21

22

23

24

25

26

27

Figure 15 Efficacy of filter for bacteriological control

Figure 8 Efficacy of filter in lab for control of microbiological contamination using old chlorine tablets.
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It can be seen from the results that filter effectively reduces the turbidity as well as the microbiological
quality of the water. The additional step of chlorination reduces MPN further, albeit not to zero as is
expected. We used old chlorine tablets which was not effective. Since this test is for total coliforms, not
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fecal coliforms or specific pathogenic bacteria, these remnant levels do not necessarily indicate
microbiological risky water, though at the same time it cannot be declared absolute safe, just less risky.
Hence the filter is capable of producing, with respect to the influent source water, safer water for human
consumption.

5 Cost estimates of final bucket filter
Cost of Filter
S. No
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Description
Bucket
PVC pipe 1.25” and 0.5”
End cap (6No’s for 0.5” and 1No for 1.25” )
Solution for pasting
M- Seal
Sand
Charcoal
Nylon cloth
Elbow bend
Tap (2 No’s)
Washer
Gravel
Pot
Lid
Chlorine tablets (2 per day) (Rs. 1 if used)
Reducers
Labour cost (see below)
Total

Price in
Rs.
270.00
60.00
20.00
10.00
30.00
35.00
48.00
50.00
10.00
50.00
2.00
10.00
40.00
5.00
n/a
20.00
100
760.00

Labour
Assume for each (cf. timelog.doc):
S.No
Description
For Piping system:
1.
Leveling, drilling and shaping ( for 0.5”)
2.
Leveling, drilling and shaping (for 1.25”)
3.
Making hole in bucket
4.
Piping fixing
5.
Placing sand and charcoal
6.
Crushing, sieving, and washing sand, gravel, and charcoal
(by hand)
TOTAL
17

Duration
30 minutes
35 minutes
2 minutes
60 minutes
20 minutes
320 minutes
467 min  7.8 hours

Thus, 8 h or one day of unskilled labour required to build each filter. At Rs. 100 per day at
standard labour wages, the cost is Rs. 100 per filter for labour.
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