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EXECUTIVE SUMMARY 

 

“It is an uncanny thought that this lurking poison (arsenic) is everywhere around 

us, ready to gain unsuspected entrance to our bodies from the food we eat, the 

water we drink and the air we breathe.” 

Karl Vogel, 1928  

 

AIMS AND OBJECTIVE 

 

(1) To achieve the goal of providing arsenic free water to the villagers of West Bengal suffering 

from arsenic contaminated water. 

 

(2) To protect the children and recover the health of present and future generation of India from 

the various diseases caused by drinking arsenic contaminated water and 

 

(3) Rehabilitation of the arsenic patients by providing them arsenic free water.  
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BACKGROUND 

 
In India, one of the most devastating health crises arising out of arsenic poisoning has 

quietly unfolded in the lower Gangetic Plains covering some nine districts of West Bengal, and a 

few districts of Bihar, Chattisgarh, and Uttar Pradesh etc.  

 

Arsenic can cause acute and chronic toxicity in humans. The severity of toxicity depends 

on age and sex of the individual, the dose and duration of exposure, chemical nature of the 

compound, route of entry and the amount of arsenic accumulated into the body. 

 

Arsenic concentration in ground water ranges from 50 ppb (parts per billion) to 5 ppm (parts 

per million).  The standard for arsenic in drinking water set by the World Health Organization is 

.01 mg/l (10 ppb), whereas analysis of water collected by WHO, National Institute of Preventive 

and Social Medicine (NIPSOM), School of Environmental Science, Jadavpur University, Public 

Health Engineering Department, West Bengal, Harvard School of Public Health, and several 

other organizations in Bangladesh have indicated arsenic concentrations ranging from 0.05 mg/l 

- 5 mg/l, which is far above the permissible level. The domestic and international response to the 

problem of arsenic poisoning, unfortunately, has been slow and somewhat disappointing.   

 

Considering the rate at which this poison is spreading its web all over the world, there is 

an urgent need to provide: 

 

1. Immediate relief to those using drinking water with high arsenic concentration.  
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2. Develop ways and means to mitigate this problem by reducing the level of arsenic in 

drinking water to at least the permissible and tolerable limits through easy and inexpensive 

means.  

 

Apart from international organizations, a few research organisations in India such as the All 

India Institute of Public Health (AIIPH&H), Central Glass and Ceramic Research Institute, 

School of Environmental Studies, Jadavpur University, and UNICEF, India have been actively 

involved in the development of indigenous domestic arsenic removal filters. However, these 

technologies have certain limitations of waste disposal, maintenance and quality of water and are 

not being effectively utilized by the arsenic affected people of the country.  

 

Keeping the limitations and shortcomings of the aforesaid technologies in mind, a novel 

domestic arsenic removal filter was developed by defense Research and Development 

Organization (DRDO).  The filter was successfully evaluated in the field in terms of its 

efficiency for the removal of arsenic, iron and bacteria from ground water. The technology 

was transferred to the NGO `Save The Environment’ to demonstrate and implement the 

technology in the effected villages. The filter, below is user friendly, cost effective, easy to 

maintain and does not require any power supply for its operation.  

 

This project was taken up with the aim to demonstrate and implement the technology in 

the effected rural areas of Bihar, West Bengal and UP which may prove highly beneficial 

for the villagers who are drinking the arsenic contaminated poisonous water. 
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KEY FINDINGS 

 

The findings of the project are summarized below.  

1. Installation of 2100 Arsenic Removal Filters (developed by DRDO) in following  

seven villages of Bihar, U.P. and West  Bengal  carried out successfully.  

            Names of villages:  

Arbandi (District Nadia, W.B.) 

Chandkuri (District Nadia, W.B.) 

Harinadi (District Nadia, W.B.) 

Nrisingapur (District Nadia, W.B.)  

Sahebdanga (District Nadia, W.B.)  

Tiwaritolla (District Ballia, U.P.)  

Ranuchwak (District Bhagalpur, Bihar) 

          

 The first set of filters was installed in June 2008 in Tiwaritola village of Balia district            

in Uttar Pradesh 

1. Awareness programmes for the use of the technology as well as about the persistent 

problem of arsenic poisoning in water was carried out during this project. 

2. People (specially the lady of the family) were trained and filters are being used 

successfully. 

3. Number of beneficiary families  :    2100 
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4. Size of population covered   :  ~10,500 (assuming 5 members per family) 

5. Degree of arsenic contamination        :    Arsenic concentration in this water is found  
To be in the range of 20 to 1500 ppb.  
Maximum concentration is found in 
Tewaritola, Balia, UP 
 

6. Life of filtering media              :    The oldest filters in Balia district have been  
In use since June 2008 and about 85% of 
them have still not needed a change of 
filtering medium.  Predicted life of the filter 
is  ~20,000 liters ( if As concentration 
ranges between 20 - 1500 ppb in raw water) 
 

7. Volume of water filtered              :   The average volume of water filtered per 
month per family ranges between 525 to 730 
liters.  

 
8. Software development   Generate data structure based on different  

                                                                         parameters for statistical data analysis.    
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IMPLEMENTATION 

 

The project was carried out in two phases (Phase –I and Phase II). The details of the 

methodology are described below. 

 

DETAILS OF TECHNOLOGY:  

 

Working Principle 

 

The arsenic removal filter, developed by DRDO, works on the simple principle of co-

precipitation of arsenic with iron and adsorption of this precipitate on iron oxyhydroxides13-16, 

followed by further retention of this precipitate in treated sand. The probable reactions involved 

in the process are given below: 

 
Fe0 + 2 H2O                        Fe2+ + H2 + 2 OH- 

 
                                                           Fe(II)/Fe(III)         
Fe2+ + 2 OH-                       Fe(OH)2                          mixed oxides 
                                                                                  (γ-FeOOH, Fe3O4, γ-Fe2O3, etc.) 
 

 

Sodium salts of arsenite and arsenate get ionized in water medium. The arsenite and 

arsenate ions are removed further by co-precipitation as FeAsO4 and FeAsO3 and by adsorption 

of these oxides onto ferric oxyhydroxide solids. The same has been reported by a number of 

workers earlier also.  
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Experimental 

 

Materials and Methods 

 

The active material, a processed waste from Steel industry, has been obtained from M/s 

Tata wires Ltd., Mumbai. Sand used has been obtained from the riverbank of River Yamuna in 

Delhi, India, and from the riverbank of River Ganga in Kolkata, India. Fine cloth filter has been 

procured locally.  

 

AR quality reagents and Milli-Q grade water have been used for solution preparation. 

Solutions of As+3 and As+5 have been prepared using corresponding salts, NaAsO2 and 

Na2HAsO4.7H2O, respectively. Mixture of As+3 and As+5 (in the ratio of 1:1) has been prepared 

by dissolving equimolar amount of corresponding salt in Milli-Q grade water. The reactant 

material is soaked overnight in water before using in the filter. The sand used is subjected to 

physical treatment (washing and heat treatment) prior to using it in the arsenic removal filter. 

 

Characterization  

 

The reactant material and sand have been characterized for their surface area and 

composition using Micromeritics ASAP 2010 Surface Area Analyzer at Centre for Fire, 

Environment and Explosives Safety (CFEES) , Delhi, and by Phillips X-ray fluorescence (XRF) 

at Durgapur Steel Plant, Durgapur  respectively. 
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Characteristics of the reactant material and sand, as given in Table 1, clearly indicate that 

the reactant material is nothing but 99% iron and acts as zero valent iron. Surface area value of 

sand indicates that its adsorption capacity is low and is basically functioning as a fine filter in 

this process. 

Table 1.  Characteristics of Sand and Reactant Material 

Adsorbent pH 
(in water) 

pH 
(in As 

solution) 

Fe (%) Al  
(%) 

Mn  
(%) 

Si  
(%) 

Surface 
area (BET) 

m2/g 
Sand 
(Yamuna) 

10.2 - 0.5 10.2 - 10.5 8.9- 10.5 10.5-11.0 Not 
detected 

79.2-80.0 1 

Sand 
(Ganga) 

8.3-8.5 7.5-8.0 4.7-5.0 11.5-12.0 Not 
detected 

79.8-80.0 4 

Reactant 
Material 

8.5 - 9.0 8.8 - 9.0 99.2-99.5 Not 
detected 

0.42-0.45 Trace 
amount 

0.5 

 

The variation in the pH of pure water and of arsenic solution when allowed to percolate 

down through the reactant material and through sand has been determined using a pH meter 

(Model: Elico LI-120) 

Scanning electron micrograph (Fig. 2) of the material as taken on Scanning Electron 

microscope (Model: Leo 1455) at 500 magnification confirms the fibrous elongated morphology. 

                                  

         Figure 2. SEM Micrograph of reactant material 
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Metal analysis 

 

Arsenic concentration in water, prior to and after treatment, has been measured as per 

ASTM method17 using Hydride Generator (Model: HG-3000) attached to AAS (Model: GBC 

904AA) at Centre for Fire, Environment and Explosives Safety (CFEES), Delhi, India.  Iron 

concentration was determined using AAS. The results were also verified at Department of 

Environmental Sciences, Jadavpur University, Kolkata. 

 

Design of Arsenic Removal Filter 

Arsenic removal filter as shown in Figure 3 has been designed and fabricated both in 

plastic and in stainless steel.                                           

                                               

                   Figure 3. Schematic Diagram of Arsenic Removal Filter 

 

1. Inlet for Arsenic-Contaminated Water 

2. Reactant Material 
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3. Fine Cloth Filter 

4. Treated Sand 

5. Fine Cloth Filter 

6. Arsenic-Free Water 

7. Outlet for Arsenic- Free Water 

8. Container for Arsenic-Free Water 

9. Container for Treated Sand 

10. Container for Reactant Material 

 

As shown in the above figure, the filter comprises of three chambers. The first chamber 

contains the reactant material enclosed in a fine cloth bag. In the second chamber is placed a fine 

cloth bag containing treated sand. The third chamber simply acts as a collector chamber for 

treated water. Arsenic-contaminated water is allowed to enter the first chamber of the filter at a 

predetermined flow rate from where it passes down to the second chamber and finally gets 

collected in the third chamber. The time it takes for water to flow down from the first chamber to 

the third chamber is about 2 minutes. 

Using the above stated design, optimization studies w.r.t. inlet water flow rate, amount of 

reactant material and amount of treated sand were carried out. 

 

Optimization of Flow Rate 

Keeping the amount of reactant material and treated sand constant at 500 g and 1500 g, 

respectively (the capacities of first, second and third chambers designed to be 7 L, 7 L and 16 L, 

respectively, for this purpose), experiments were carried out to study the effect of flow rate of 
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arsenic (As+3 or As+5 or 1:1 mixture of As+3 and As+5) contaminated water on the arsenic removal 

efficiency of the filter. The results of these experiments showed that irrespective of the arsenic 

species present in water, 15 Lph was the maximum allowable flow rate for the inlet water stream 

(contaminated with arsenic) because the arsenic concentration in filtered water raised beyond 

prescribed limits once this flow rate value was exceeded. It was also established that if the 

amount of reactant material and treated sand was raised to 1000 g and 3000 g, respectively (the 

capacities of first, second and third chambers designed to be 16 L, 25 L and 50 L, respectively, 

for this purpose), maximum allowable flow rate that could be achieved was 30 Lph. The results 

are depicted in Figure 4. 

 

 

Figure 4. Optimization of Flow Rate 

Thus two filter systems were designed based on the above observations. The details of 

both the systems are given below: 
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System I  

1. Adsorbent (Steel plant waste)      -     500 gms 

2. Treated Sand                                 -     1500 gms 

3. Flow rate                                       -     15 lit / hr (Lph) 

4. Initial As conc. range                     -      1- 4 ppm 

5. Final As Conc.                                -   <  3 ppb (Well below EPA / WHO’s    
                                                                    drinking water limit of 10 ppb) 
 
6. Volume of water treated              -      750 lits. 

7. Quality of water                              -      Suitable for drinking purpose. 

8.  Leaching of other metals              -      No leaching  

 

System II  

1. Adsorbent (Steel plant waste)      -     1000 gms 

2. Treated Sand                                  -     3000 gms 

3. Flow rate                                        -     30 lit./hr 

4. Initial As conc. range                    -      1ppm 

5. Final As Conc.                                -  <  3 ppb (Well below EPA / WHO’s    
                                                                          drinking water limit of 10 ppb) 
 

6. Volume of water treated              -      1750 lits. 

7. Quality of water                              -      Suitable for drinking purpose. 

8.  Leaching of other metals              -      No leaching  
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Effect of Initial Arsenic Concentration 

The effect of initial arsenic (1:1 mixture of As+3 and As+5) concentration (varying from 

1.0 ppm to 4 ppm) on the arsenic removal efficiency of the filter, in terms of total volume of 

water filtered (final arsenic concentration in filtered water < 10 ppb), using optimized amounts of 

reactant material and treated sand for the two flow rate systems was studied and the observations 

are illustrated in the form of a bar chart (Fig. 5). As expected, an increase in the arsenic 

concentration in water leads to a decrease in the total volume of water that can be treated using 

this filter. 

Figure 5. Effect of Initial Arsenic Concentration 

Water Quality 

The filtered water collected in the third chamber was analyzed for its arsenic 

concentration, iron (that may leach out from the reactant material during the process) 

concentration and microbes. The results as enlisted in Table 2 clearly indicate that the quality of 
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the filtered water conforms to the internationally (WHO and US EPA) set drinking water 

standards.   

                  Table 2. Results of Water Analysis 
 

Arsenic conc. ( mg/L)
 

Iron conc. ( mg/L) E.Coli (count /100ml) 
after 48 hrs. 

 
S.No

. 

 
Arsenic 
Species 
Present 

 
Initial 

After 
Treatment 

(Final 
potable 
water ) 

 
Initial 

After 
Treatment 

(Final potable 
water ) 

Initial After 
treatment 

(Final 
potable 
water) 

1 As(III) 1000 <.03 Not Detected <0.3 8 0 
2 As(V) 1050 <.03 Not Detected <0.3 8 0 
3 Mixture of 

As (III) and 
As (V) in the 
ratio of 1:1 

1025 <.03 Not Detected <0.3 8 0 

             

 

 

Figure 6. Three Types (Stainless steel, Clay and Plastic) DRDO Water Filters  
(15 lph Capacity) 
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Waste Disposal 

Although the waste generated during arsenic removal process is not environmentally 

harmful as such, as reported by earlier workers, yet disposal of arsenic-laden waste is an 

important aspect under growing environmental regulations. Therefore, precipitate formed during 

reaction and the used sand is being disposed off in the form of impermeable concrete blocks of 

M-25 standard grade used in construction industry resulting in no waste generation in the process 

and making the technology environment-friendly and green.  

Leaching tests have been carried out for the waste generated during the process as well as 

for concrete blocks as per the standard Toxicity Characteristic Leaching Procedure (TCLP) for 

solid wastes (EPA protocol SW-846-1311), and the results are  tabulated in Table 4.  

Table 4. Results of Leaching Tests 

Arsenic Concentration in Filtered Water (ppb) Type of waste 

Laboratory Samples Field Samples 

Waste BDL* BDL 

Concrete Blocks BDL BDL 

• BDL: Below Detection Limit i.e.<3ppb 

 
 
 
 
 
 
 
 
 
 
 
 
                       

Figure 9. Waste Conversion in to Cement Brick 
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Phase-I 
 

In phase one, two thousand one hundred filters made-up of stainless steel , type –I  with  

the  flow rate of 15 lph were distributed in  following selected seven villages of Bihar, West 

Bengal and UP.  

 

 

List of the selected arsenic affected villages:     

 

    1.  Arbandi (District Nadia, W.B.) 

    2.  Chandkuri (District Nadia, W.B.) 

    3.  Harinadi (District Nadia, W.B.)           

    4.  Nrisingapur (District Nadia, W.B.)  

     5.  Sahebdanga (District Nadia, W.B.)  

     6. Tiwaritolla (District  Ballia, U.P.)  

      7. Ranuchwak (District Bhagalpur, Bihar) 

 

 The technology implementation was carried out in following steps. 

 

1. Awareness programme about the water contamination problems were carried out in the 

selected affected villages of respective states. 

 

2. Training  about the  operation and maintenance of the filters was given to the family 

members, specially the  lady of the family  in the  selected houses of the villages 

 

3. Regular monitoring of the water quality was carried out  using Merck testing kit  for the  raw 

water and the filtered water. 
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4. Some randomly selected water samples from the source as well as from the water filter were 

also tested at NABL accredited national laboratory.  

 

Some of the photographs given below give glimpse of the aforesaid implementation programme.  

 

  

Figure 10.   Door To Door Survey and Water Testing 

 

   

Fig.11a. Distribution of Water Filters in the Villages 
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Fig.11b. Distribution of Water Filters in the Villages 

 

  

Figure 12a. Training to the House Holders for the Operation and Maintenance of the Filter 
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Figure 12b. Training to the House Holders for the Operation and Maintenance of the Filter 

 

Software  ( SW) Development 

A SW in C++ has been developed for the statistical data analysis to derive the life of the filter in 

each village separately. 

Brief description of the execution of the program is as follows: 

1)      Download  Dev C++  - Compiler form the given link :- 

http://download.cnet.com/Dev-C/3000-2069_4-12686.html 

2)      Install it 

3)      Execute exe file. 

  

 Generate data structure based on different parameters for statistical data analysis     
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Phase-II 

 

PRC held in May 2011 decided to monitor the working of the filters under the close 

supervision of an expert in a particular village. For this purpose the reactant material of one 

hundred filters was changed, water quality was regularly monitored and people were trained 

thoroughly for periodic washing of the filter as well as for the   waste disposal procedure. The 

details are as follows. 

 
Village                  : Chandkuri (District Nadia, W.B.) 

Date of change of reactant material           :      July 20, 2011 

No. of Families                                        :       One hundred  

Period of monitoring                                      :       July 20 –December 31, 2011      

 

Some of the pictures as given below clearly depict the working of the filters as per the 

instructions of PRC under phase –II. 
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Figure 13. Change of Reactant Material, Washing and Waste Disposal under Phase-II 
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Figure 14. Testing of Water by Merck Field Test Kit 
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RESULTS AND DISCUSSION 

 

Phase –I 

 

The results of the studies carried out in phase one is given in table- 5 below. 

 

Table 5. Summary of the Results of the Implementation of Technology 

Village No. of 
Families 

Date of 
Installation 

Period 
of 

Use 

Arsenic 
Conc. in 

Raw 
Water 
(mg/L) 

Average volume of 
water filtered per 
family per year  

without change of 
reactant material 

( Liters) 

No. of 
family 

changed 
reactant 
materials 

Arbandi 
(W.B.) 

301 30.12.2008      21  0.02 - 0.1 8750 3 

Chandkuri  
(W.B.) 

446 01.01.2010      9 0.02 - 0.5 7300 0 

Nrisinghapur 
W.B.) 

140 01.01.2010      9 0.02 - 0.5 6940 0 

Ranuchwak 
(Bihar) 

300 11.08.2008    26 0.02 - 0.5 6310 5 

 Sahebdanga 
(W.B.) 

253 02.01.2010      9 0.02 - 0.4 7640 0 

Tewaritolla 
Ram Garh 

(U.P.) 
302 01.07.2008      27  0.02 - 1.5 8290 61 

Harinadi 
(W.B.) 

358 01.01.2010 9 0.02 - 0.5 8410 1 

 

The results as presented in the table above indicate a very high efficiency of the filters. 

The first sets of filters were installed in Tewaritola village of Balia district, U. P. on 1st July, 
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2008. So far only sixty one filters required change of reactant material where as others were 

functional till September, 2011.  

The arsenic concentration in these villages ranged from 20 ppb to 1500 ppb as against the 

required limit of 10ppb (WHO and EPA drinking water limit). Average quantity of water filtered 

from these filters ranged between 6310 to 8750 liters per family per year indicating average of 

approximately 21 liters of drinking water per family per day. 

 

The details of the study are very clearly shown in the figures below. 
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Figure 15.  Arsenic Concentration (mg/l) in Water in  Villages Under Study 
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Figure16. Average Volume of Water(Liters) Filtered per Family in One Year Without Any 
Change of Reactant Material 
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Figure 17.  No. of Families and Average Volume of Water ( Lit) Used  per Family in the 

Villages Under Study 
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Phase-II 

 

The reactant material was changed for one hundred filters. The quality of water was 

constantly monitored very closely. All the water filters performed well in terms of their 

efficiency and quality of water. The arsenic concentration was found to be below detection limit 

(BDL) i.e. less than 3 ppb. 

 

Software (SW) Execution 

 

Automated software has been developed which can predict the working life of the 

reactant material based on the initial concentration of the arsenic in ground water. The software 

generates DATA structure for Statistical DATA Analysis. The programme is in CD which can be 

downloaded in computer and any data can be entered in order to get the final analysis. The main 

characteristics of the SW are as follows. 

 
It generates excel data sheet of 8 parameters for every village 

 
No. of 
houses 

Arsenic 
concentration  
level  

Used 
filtered 
water till 
1st wash 
(f1) 

Used 
filtered 
water till 
1st wash 
(f2)  

Used 
filtered 
water till 
1st wash 
(f3) 

Used 
filtered 
water till 
1st wash 
(f4) 

Used 
filtered 
water till 
change 
the filter 
CF=sum 
of fi 

Monthly 
used 
filtered 
water 

        
 
 
• Generates  lots of different parameters data structure  

 

•  Developed SW for t –test with level of confidence 95% ( Apply T-statistics) to find that 

whether average filtered life of each village is meeting the expected life (expected 
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filtered life X=20,000 ltrs---It is taken from lab results and overall parameters affecting  

the life of the reactant material  of the  filters –which is independent of field data) 

 
 

• Developed SW for t –test with level of confidence 95% ( Apply T-statistics) to find that 

whether average filtered life of two villages are close or  far apart (T- test apply when 

sample size is small) 

 

• Finally developed SW generates  the following data structure automatically from the 

RAW Data for the following statistical data analysis 

 
 

 
Ars level No of 

house 
No of 
house in % 

y-no of 
house 
whose total 
use of 
water 
20000 

z- no of hs 
where used 
water 
>=x=20000
till filter 
changed or 
yet to 
change 

W= 
z/y.100 
i.e.  in % 
the filter 
life x 

 

 

The capacity of the  reactant material in this  filter has been predicted ~20,000 liters if the  

concentration of arsenic in raw water ranges between 20- 1500 ppb. 
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CONCLUSIONS and RECOMMENDATIONS 

 

Based on the successful completion of this project, following conclusions can be drawn: 

The water filter for the removal of arsenic developed by DRDO has been successfully 

validated in the field for the removal of arsenic from ground water and confirms the following 

characteristic features:  

1. Requires no Power (electricity or battery) 

2. Easy maintenance  

3. Cost-effective 

4. Environment-friendly 

5. User Friendly  

6. Easy waste disposal  

7. Very efficient and long lasting 

 

The water filter for arsenic removal as discussed above can provide a reliable solution 

for the basic problem of arsenic contamination in ground water and is recommended to be 

used by State Public Health Departments (PHDs) in the arsenic affected areas. 

 

The project is recommended to be replicated in the villages of other states such as Assam, 

other North East States and Chhattisgarh etc.  

A project is also  recommended to be carried out in the Indo- Bangladesh and other border 

areas in order to provide safe drinking water to the BSF and other armed forces. 
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