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Abstract 
 

1 

Figure 1: Indian map showing states with arsenic 

water contamination 



Introduction 
 

2 



Arsenic Poisoning 
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Figure 2: Arsenic poisoning effects 

Figure 3: Skin darkening due to arsenic poisoning 



Other Mineral Contamination 
 

4 
Figure 4: Indian map showing Minerals contamination 
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Learning from Heat 

pump lab and Prof 

Milind Rane 
 

 



Learning from Devalt 

and TARA 
 

6 
Figure 5a and 5b: Devalt headquarters building 



TARA Works in the area of water filtration 
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Figure 6a: JalTARA Filter  

Fig 6c: JalTARA Filter  

Fig. 6b: Matka filter 

Fig 6e: In line filter 

Fig 6d: Community filter 

Fig 6f: Compressed mud block 



Discussion with Prof 

sanjeev Chaudhary 
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Fig 7a: IIT B Arsenic filter at Ballia Fig 7b: Prof. Sanjeev Chaudhary 



How is Arsenic 

Filtered? 
 

9 

Iron rich 

media 

As 

As 

As 

As 

Fig 8a: Arsenic removal by electrocoagulation 

Fig 8b: Arsenic attached to Iron media 



Typical water Filtration 

techniques: 
 

Typical water Filtration 

techniques: 
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Typical water Filtration 

techniques: 
 

Typical water Filtration 

techniques: 
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Arsenic Filtration 

Currently 
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Fig 9a: SONO Filter 

Fig 9b: IITB Arsenic Filter 
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Fig 9c and 9d: RSM Filter and DRDO Filter 
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Fig 9e: Kanchan Filte` 

Fig 9f: Jal TARA Filter 



 

 

15 

Fig 9g: Pureit arsenic filter 
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Market Gap 

 
•
•

•

•
•
•
•
•
•
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Case Study_IITB Arsenic Water Filter 

 

 

Diagram 1: IITB Water 

filtration process 



Market Study 

18 

Fig 10a: Various filters in market 
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Fig 10b: Various filters in market 
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Fig 10c: Various filters in market 



Field visit 
 

21 

Fig 11a: Location of Ballia district Fig 11b: Red shows arsenic affected area in ganga brahmaputra delta 



 

Ballia 
 

22 
Fig 12c: Ballia Town Fig 12b: Ballia Town road 

Fig 12a: Ballia Station 



Places I visited: 

Ballia Town 

Middha 

Repura 

Pindari 
Gangapur - Ramgarh 

Nem Chapra River Ganges  

23 

Fig 13: Location of villages along River Ganges 



 

Village visit: 
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Fig 14a: Gangapur ramgarh village 

Fig 14b: Chain Chapra 
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Fig 14c: Repura village 

Fig 14d: Pindari village 
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Fig 15: A soil eroded Ganga bank 
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Users 

•

•

•
•
•
•

•
•
•
•

Fig 16: Person with arsenic poisoning related sking diseases 
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Users 

 
•

•

•
•
•

•

 

 

Fig 17a and 17b: A hut(above) and a Bunglow at Ballia Fig 17c: Open drain 



Other Government funded filters in villages 

30 

Fig 18b: DRDO Filter not in use Fig 18d: RO Water bought from water vendor Fig 18c: Government filter Fig 18a: DRDO Filter lying waste 



Other Government funded filters in villages 

31 

Fig 19: Home based Iron testing is done in villages. Guava leaves are used. The water with higher 

iron level instantly changes its colour to black when tender giava leaves are crushed and put in it. 
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Water Source 

 

•
•
•

•

•

Figure 20: (Clockwise from top 

left) A government installed 

water faucet bringing water 

from overhead tank, IITB 

Arsenic filter, Handpump & a 

RO water bottle bought from 

water vendor. 
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Water Collection 

 

Figure 21: A young girl collecting water in old soft drink bottles at evening 
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Storage of Water 

 

•
•
•
•
•

Figure 22: (clockwise from top left) water can uncovered kept on cowdung coated 

flooring in kitchen, various jerrycans and plastic buckets containing water kept on a 

small elevated platform, a RO water can with Metal buckets and one bucket of 

water for a family of four stored next to cowdung cakes. 



IIT Bombay Arsenic Filter in village 

35 
Figure 23: IIT Bombay arsenic water filter in use in various villages. 
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Gangapur-Ramgarh Repura Pindari Chain Chapra 

House 1 House 2  House 3 House 4 House 5 House 6 House 7 House 8 House 9 House 10 House 11 House 12 

Family size(No. of people) 4 3 9 5 8 6 3 5 12 6 3 4 

Liters of Drinking water 

stored (Approx) 30L 65L 60L 40L 70L 40L 30L 40L 50L 50L 30L 30L 

People suffering from any 

water related disease No Yes Yes No Yes Yes Yes No No Yes No No 

Collection of water source Gov Pipeline Tube well 

RO water 

vendor 

Governme

nt Filter Tubewell Tubewell Tubewell Tubewell 

IITB Water 

Filter 

IITB Water 

Filter 

IITB Water 

Filter 

IITB Water 

Filter 

collection timimgs Not Fixed  Morning Morning M and E M and E M and E M and E Not Fixed  M and E M and E M and E M and E 

Collecting member Son Housewife Delivery Son Daughter Son Daughter Daughter Son Daughter Daughter Son 

Water storage location Kitchen Kitchen Kitchen Kitchen Kitchen Kitchen Kitchen Kitchen Kitchen Kitchen Kitchen Kitchen 

Water Storage container Pl. Bucket Pl Jerry can RO Bottles Pl. Bucket Pl. Bucket Pl. Bucket Pl. Bucket Pl Jerry can Pl Jerry can Pl. Bucket Pl Bottle and Al Vessel 

Water storage position Floor Brk platform Floor Floor Brk pltfrm Floor Floor Floor Brk pltfrm Floor Brk pltfrm Floor 

Table 1: Table showing survey data from four villages 



Observations 
 
•

•

•

•

•

•
•

•
•

•
•

•

•
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Design Brief 

•

•

•
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       Design Criteria 
 

 

 

•
•
•

•
•

•
•
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Stackability 

Easy transport 

Economical 

Safe water 

Attractive 

Low maintenance 

Locally repairable 

Movable 

Contamination safe 

Manufacturing from 

available technology 

Easy cleaning 

Compact 

Misuse Proof 

Trusted 

Strong 

God 

Analogies 

Modular 

Components 

Alternate materials 
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Filtration stage requirements 

Water inlet 

chamber 
Iron medium 

Permeable 

Medium 

Clean Water 

Storage 

Good inlet 

capacity 

 

Covered 

 

Regular 

cleaning 

 

Water 

visibility  

Even water 

fall 

 

Cleanable  

 

Less gap for 

slow 

percolation 

 

Separable 

Upper layer 

cleaning 

 

Different 

levels of 

permeability 

 

Separable 

 

Readily 

available 

Light proof 

body 

 

Inside edges 

filleted for 

easy cleaning 

 

Tap fitting 

with minimal 

surface area 
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Quantitave Requirement 
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Design Methodology 

Problem Identification (Visit to Devalt 

and CESE department, IIT Bombay) 

Literature study 

(Market products, Technologies, Case studies) 

Site visit and User survey 

(Visit to ballia, find out design insights) 

Design Brief and Design Criteria  

Ideations 

problem solving aesthetics Analogies 

Card Sorting and clustering 

Concept 1 

Media based Development 

Concept Evaluation 

Final Design Evolution 

Concept 2 

Matka filter Inspired 

Concept 1 

Shape based Development 

Concept 1 

Pressure based Development 
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Ideations 

•

•

•

•

•

•
. 



Mood Board 

45 
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Mockup _ simple filter 

Figure 24: Candle filter modifications to arsenic filter 
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Filtration Unit 

•

•

•
•
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Filtration Unit 

Figure 24: Ideations for Filtration unit. 
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Handling and portability 

Figure 25: Ideations for Handling and portability  
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Pressure based Filtration 

Figure 26a(top) and 26b(bottom): top: piston assisted 

filtration, Bottom: Water flow through narrow media 

region, reduces media volume 

Figure 27: Water filtration using piston assisted 

pressure, Piston is percolation body with hollow core 

which carries filtered water out. 
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Working with Analogies 



52 

Figure 28: Filtration in a Tapering body 4 chamber filter.  

Analogies 
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Analogies 

Figure 29: Idetion taking pressure cooker as analogy  Figure 30: Idetion taking oil filter as analogy  
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Analogies 

Figure 31: Idetion taking rooms as analogy  Figure 32: Idetion taking tree as analogy  
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Analogies 

Figure 33: Idetion taking osmosis as analogy  Figure 34: Idetion taking Taxi ride as analogy  
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Analogies 

Figure 35: Idetion taking cyclone as analogy  
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Card Sorting and clustering 

Figure 36a and 36b: Card sorting and clustering process 
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Card Sorting and clustering 

Fig 37b: Gravitational Matka filter based 

Fig 37d: Media based evolution Fig 37c: Shape based evolution 

Fig 37a: Pressure based development 
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Concept 1 

Media based development 

Fig 38: Concept 1 section and 2 shape varioations (one with round 

body and minimum edges) 
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Concept 2 

Matka Filter Inspired 

Fig 39: Concept 2 section and view with inner silicone plate detils  
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Concept 3 
Shape based development 

Fig 40: Concept 3 section and view showing the water filter with 

media in the jacketed body. Water passes through the media, 

reaches percolation member at bottom and travels up to get 

collected at central chamber 
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Concept 4 

Pressure based development 

Fig 41: Concept 4  section and view showing the 2 long chambers. 

Water comes to the firsht chamber and reacts with iron media at 

the base. Then it travels through capillary media to the next 

chamber. 
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Concept Evaluation 

Concept 1 Concept 2 Concept 3 Concept 4 

User centric 7 9 9 8 

Manufacturability 7 8 9 7 

Longitivity 8 9 9 8 

Self Change of 

Media/ Cleaning 

8 8 7 7 

Compactness 8 8 9 7 

Total 38 42 43 37 

Table 2: Concept evaluation 
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Design Development 



65 

Figure 42a and 42b: final concept parts and 

exploded view. 
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•
•

•

•

•

•

Figure 43: Section of the design showing issues and 

weakness of the concept that need to be resolved 
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Design Modification 

Figure 44 : Modification of the design by 

taking the media to the core and water to the 

shell. This core further cylinderified once any 

first. 

Figure 45b : candle is suggested to be made into an 

individual unit moulded with the slope of bucket.  

Figure 45a the single outer cover broken into 3 parts for 

easy handling and cleaning. :  
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Final Design 

Fig 46a: Modified final design  render view Fig 46b: Modified final design exploded view 



69 

Drawings 

Figure 47: Side view and sectional drawing of the 

water filter. The dimensions shown here are for the 

small filter for family of 6 
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Detail A 

Detail B 

Details 

Figure 48a: Detail at A, the media chamber goes in top 

chamber hole from top. The top rim of the media 

container keeps it on place. Rubber sealant rings from 

up and down now used to make connection waterproof. 

Figure 48b: Detail at B, media chamber has rubber layer 

below. The structure comes and fits in the ceramic 

structure which has a hole with rubber lining. The 

friction of rubber keep them if a class audience. . 



Design Decisions 

Slope of containers 

helps in easy fitting 

Bringing media inside and water 

outside in the jacketed container 

helps in easy assembly and cleaning Inside view of the filter 

Full ceramic base converted to Disc so a gap 

space achieved for sedimentation. 

1 



72 

Assembly 

Figure 49: Assembly sequence of filter 

Put media chamber in the top container 

hole from top. Lock it with sealant rings. 

Put perforation member in bucket. 

Put the top 

assembly in 

bottom 

assembly and 

make sure the 

media chamber 

goes in the tight 

hole making 

them lock. 

Whole system is feb by water 
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Drawings 

Figure 50: drawings 



74 

Materials and colour 

Figure 50a: Various material and colour 

possibilities in this design. The central 

collection chamber can better utilised to 

make the overall product interesting. 

Copper, Grass, Iron ore, Plastic and 

ceramics are the possible options. 



Working of filter 

78 

Lid 

Inlet chamber 

7degree slope maintained 

everywhere for gravitational fitting 

Fresh water collection chamber 

Cone with iron nails. Arsenic in water 

reacts with iron nails to form presopitate 

which can be separated by filtering 

Compressed cotton filter to remove 

smaller particle in upflow.  

Bottom chamber for gravitational sedimentation 

Stand 

Outlet Tap at 

elevated level 

hence stand not 

required 

Figure 52: working of filter 



visualisations 

75 

Figure 52: renders 



Handling 

a 
b 

c d 

a b 

c d 

Water Sealing 

76 

Figure 53: handling of various parts Figure 54: water sealing in various parts 
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Prototype and testing 

Figure 55: prototyping 



TESTING  
Handling and Assembly 

79 

Figure 56: handling and assembly 



TESTING  
Handling and Disassembly 

80 

Figure 57: handling and disassembly 



PRODUCT AND 

ENVIRONMENT 
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Figure 58: renders 
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Filter 

Filteration options 

Finalised option 

(Cotton Filter) 

Fine sand Carbon filter Ceramic Filters 

Cotton filters 

Filtration media is required for filtering out 

the iron oxide reacted water which forms 

precipitate. 

Figure 59: Filtration options 
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Scale model 

Figure 60: 1:5 model 
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Prototype 

Figure 61: working prototype 
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Final Design 

•

•

•

•

•

•

•
•



86 

Market Strategies 

 



Costing 

•

•

•
•
•

87 

Figure 62: proposed filtration disc in steel and 

replaceable plastic discs. 
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Post PIII Jury 
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Ideations  

Figure 63: Ideations for new approaches (details in 

text) 
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Ideations  

Figure 64: ideations in various approaches to efficiently fit the 4 chambers 
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Ideations  

Figure 64a: ideations in various approaches to efficiently fit the 4 chambers 
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For ease in manufacturability and easy handling, 

chambers were reduced to two. The upper 

chamber would be divided in two sections with 

holes for aeration on the top of iron medium 

section. The two sections would be separated by a 

perforation disc with tiny holes. After evaluating 

two chamber concept, methods of joining the two 

chambers were explored. For ease in 

manufacturing the lower chamber was extended in 

height with holes at top for aeration of iron 

chamber from below. 

The upper chamber would then gravitationally fit 

inside the lower chamber through a tapered 

bottom. Then the frustum structure of the model 

was converted into a round structure for ease in 

manufacturability. 

Ideations  

Figure 65: finalised ideation of using 2 containers 

with holes for airflow and its variations 
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Design Development (Final design) 

lid 

Inlet chamber 

Perforated disc 

Holes for oxidation 

Iron Chamber 

Perforated base 

Holes for oxidation 

Filtration chamber 

Filtration ring with micro 

polyester fabric 

Collection chamber 

Tap 
Figure 66: working of new filters 
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Final design Drawings 

Figure 67: Drawings 
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Design Development (Final design) 

Figure 68:visualisation in a Ballia Kitchen 



Part Details 
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Figure 69a: Top lcontainer 

Figure 69b: bottom lcontainer 



Additional Parts 

• PERFORATION DISC 

• FILTER MEDIA 

• BODY STAND 

• BODY LID 

• TAP. 

97 

Figure 70: other parts 
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Design For The Filter Media 

Figure 71: development of filtration ring from embroidery ring concept 
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Choosing Filter Medium 

•

•
•
• ℉
•
•
•
•

Figure 72: polyester micro filter fabric 
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Prototyping 

Figure 73: prototyping 
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Prototype pictures 

Figure 74: Finished prototype 
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Final design details 

Figure 75: Filter view 
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