A note on Arsenic mitigation strategies
From our 18 year long field experience in arsenic affected areas of the Ganga Meghna Brahmaputra (GMB) plain we have realized that arsenic mitigation strategy should be location specific. A method suitable for a specific area may not be generalized for the other affected regions due to a) geographical and geomorphological variations, b) differing socio-economic and literacy conditions of people. But whatever be the approach, for success at field level we need awareness amongst the people and their wholehearted participation.  

Secondly we should keep in mind arsenic-safe tubewell water may not always ensure safe potable water. In India before arsenic contamination problem surfaced in 1983(1), we knew about fluoride contamination in groundwater from 1937. At present only in India 62 million people are suffering from fluorosis, a crippling disease (2). The presence of uranium, boron (3), and manganese (4) in groundwater of Bangladesh and West Bengal above WHO prescribed limiting values has already been reported. Unless we take proper measures for detailed water analysis, toxins of higher toxicity may come in course of time.

Below we discuss different arsenic mitigation approaches available and merits, demerits and applicability of each of them.

Dugwells 

The use of Dugwells in Asia was known even during the Mahenjodaro and Harappa civilization more than 4000 years ago. Prophet Hazrat Mohammad used to drink water from a dugwell known as “Jam Jam”. The culture of dug well however died down due to induction of tube wells, which proved more convenient as far as bacterial contamination is concerned. So far we surveyed around 700 dugwells in Bangladesh and West Bengal for arsenic and bacteria. 90% of them were found safe with respect to arsenic (<3-35 (g/l, average 15(g/l). We have examples in the arsenic affected area when the dugwells and tubewells are of the same depth, tubewells may contain around 1000 (g/l arsenic while the dugwell is found to be arsenic safe (http://groups.yahoo.com/group/arsenic-source/files/Chakraborti-dugwell-survey-report-during-Feb-2001.htm, last accessed on August 2005). There are few areas in Bangladesh and West Bengal where we found arsenic contamination in dugwells above 50(g/l (maximum 330(g/l).  These dugwells are usually in the reducing environment and of shallow depth. Another important reason for dugwell contamination is due to presence of minute particles during collection. When acid is added as preservative, these particles if rich in arsenic may contribute to arsenic content in water. Our experiments show, if we allow the water to settle for sometime before adding preservative, such contamination may not arise. In arsenic affected areas of Bihar, Uttar Pradesh and Jharkhand in India, most of the dugwells are safe. We have analyzed around 100 big-dugwells (4-5m dia) in the last two years and 90% of them had arsenic below 10(g/l (WHO provisional guideline value for arsenic in drinking water). Unfortunately most of the dugwells were abandoned due to tubewell culture.
With the advent of hand tubewells the use of dug wells subsided largely because of bacterial contamination of the dugwell water and consequent enteric diseases prevailing among the users. This called for wide scale abandoning of these dug wells. In this age of acute scarcity of water when it is predicted that toilet flush water would need to be recycled for use in future for potable water, this vast source of water should not at all be neglected. In this age of technological revolution, taking care of bacterial contamination is not at all difficult. Proper management of dugwell would necessitate the following factors:

1) Concrete structure with a storage tank.

2) Proper selection of location, i.e., in elevated land in locality close to pond but not too close & maintaining proper distance from sanitary pit.

3) Preventing surface contamination, using a fine net / glass fiber screen over it. Direct sunlight to the dugwells is desirable and trees should be somewhat away from the dugwell.

4) Cleaning monthly with lime and sodium hypochlorite and removal of some amount of bottom sediment. During cleaning the dugwell water is to be stored in storage tank for supply. 

5) If bacteria are even not detected after periodic cleaning we recommend a few drops of sodium hypochlorite (depending on water in dugwell) to be added at night everyday. If affordable a UV source (if electricity is available) after storage tank will help. Once a year removal of bottom sediment from dugwell is necessary and this will also take care of sand building.

In Betai region of Dangapara GP, block Tehatta, district Nadia a properly managed dugwell (photograph available on our website www.soesju.org) caters to drinking water need of 100 families.
Deep tubewells

It is well established that shallow tubewells in arsenic contaminated areas may not be safe. It is also observed that in the Gangetic plain As contamination in hand tube wells has been observed to decrease after a certain depth (5) but in unconfined aquifers there appears to be no depth guarantee, even if the construction of tube well is done properly. 
Based on our eighteen year long study over different parts of the GMB plain on groundwater arsenic contamination we observed that deep tubewells (>150m) may not always provide safe source of drinking water. Safety of deep tubewells depends on several factors: 1) construction of the deep tubewell, 2) depth of the deep tubewell 3) presence of confined aquifer, and 4) the aquifer should be under a thick clay barrier. 

Analyzing 1217 wells in depth range 102-415m from all 4 geomorphological regions of Bangladesh (6) we noticed, some of the deep tubewells in depth range of around 200m of both deltaic region and flood plain could be arsenic contaminated while both deep and shallow tubewells from Table land and Hill tract were mostly free from As. We concluded, allover the wells with >300m depth, were mostly arsenic safe (< 10µg/L).

In West Bengal sharing similar geological traits with Bangladesh, variation in arsenic concentration can occur due to geomorphological variability. A noted geologist Goswami (7) commented, “In some places of Murshidabad district, upto 158m we may not get arsenic safe aquifer due to absence of clay barrier.” Sinha Roy, a member of Arsenic Task Force, Government of West Bengal, and a noted Geologist, commented (8), “Even in 200m depth at one arsenic affected region of West Bengal, Basirhat,  on the banks of the Ichhamati river, we may not get arsenic safe water due to unconfined aquifers with overlying sand zone.”  

However a note of caution, in West Bengal many tube wells that were safe (As < 10µg/l) became contaminated (above 50µg/l) over time (9). So periodic testing for water contaminants is important.
Arsenic removal plants 

One of the possible arsenic mitigation strategies was installation of Arsenic Removal Plant (ARP). The ARPs are mainly based on adsorption, co-precipitation, ion exchange and membrane techniques. 

Installation of ARPs in West Bengal-India started at the end of 1998. The West Bengal government and other organizations have already invested about 3 million dollars in installing ARPs purchased from both national and international manufacturers (1900 ARPs were set up at an average price of US$1500 for each ARP) in mainly 5 out of 9 arsenic affected districts of West Bengal, India. 

Our preliminary investigations on the efficiency of ARPs in West Bengal began in late 1998. During last 7 years we evaluated the efficiency of 577 APRs in the districts of North 24 Parganas, Murshidabad, and Nadia of West Bengal till date and submitted our evaluation reports to the Government of West-Bengal, ARP manufacturers and other concerned NGOs for their information and follow-up action (10-14).

We conducted a two-year long systematic study in order to evaluate the efficiency of 19 ARPs from 11 different national and international manufacturers installed in Baruipur block of South 24 Parganas district under a project titled ‘Technology Park Project’ implemented by All India Institute of Hygiene and Public Health (AIIH&PH), Govt. of India, Kolkata, in partnership with a number of NGOs under the financial support from India-Canada Environment Facility (ICEF), New Delhi. Ineffectiveness and poor reliability of the ARPs based on this study has been reported (15).

From our field experience we observed that in most cases authorities installed the ARPs abruptly without checking the ground realities. Lack of awareness and relevant information is one of the major hurdles in arsenic mitigation program. Though we noticed (15) none of the ARPs in Technology park project could achieve arsenic concentration below WHO provisional guideline value (10 µg/l) a few of them could limit arsenic below Indian standard 50 µg/l where the users were able to recognize the ARPs as an asset for the community and maintained it properly. Without cost sharing it is difficult to inculcate in users’ mindset a sense of “belonging”. A few examples where throughout community participation was able to successfully run the ARPs are cited below: Two ARPs belonged to BE College (Village Parpatna, GP Chakla, Block Deganga, Dist North 24 Parganas and Village Sangrampur paschimpara, GP Sangrampur Sibhati, Block Bosirhat 1, Dist North 24 Parganas). Another one belonged to Pal Trockner (Near Ichhapur Ayurbedic hospital, GP Ichapur 1, Block Gaighata, Dist North 24 Parganas). Also a Oxide India plant in Chandranath Basu Sebasangha, in Betai of Dangapara GP, block Tehatta, district Nadia is running successfully with people’s participation.
Rainwater harvesting
In many states of India and southern parts of Bangladesh, the harvesting of rainwater is still a common practice. In present scenario if rainwater is harvested through clean roof top collection into storage tanks, and precautions are taken against bacterial contamination, the stored rainwater can be used for at least 4-5 months per year. In arsenic affected areas of Thailand this is a common practice. English people during their stay in Kolkata, a century ago, used to drink freshly collected rainwater.

Surface water with proper watershed management and purification
Upto early 20th century the main sources of drinking water in West Bengal and Bangladesh, were ponds, lakes etc. and people would drink untreated water. However at that time proper technology was not available to treat water but there were separate ponds for drinking water and washing and bathing purposes. But we would never suggest use of surface water directly keeping in mind present water pollution situation in West Bengal and Bangladesh. A proper treatment is absolutely essential. With proper treatment against bacterial and other contaminations and proper management of available surface water may hold the key to safe potable water for Bangladesh and West Bengal where per capita available surface water is huge (11,000 cubic meters in Bangladesh and about 7,000 cubic meters in West Bengal), average annual rainfall in these regions is about 2,000 mm and the land known as “land of rivers” with huge wetland, flooded river basins, oxbow lakes. Below we present a specific instance of how surface water resources lay unutilized which could have been managed with proper planning.

A Canal named ‘Dead Padma’ popularly known as Mara (dead) Padma is one of the examples of vast unused water bodies of West Bengal, India. It is believed that once it was part of river Padma which is now in Bangladesh. Stretched over a span of around 90 kms, this canal is flowing through Nadia and 24 Parganas (North) districts and ultimately meets river Jamuna in 24 Parganas (North). A significant part (around 20 km) is situated in highly arsenic affected Deganga block. The canal is covered with water hyacinths. Throughout the year water is present in this canal. When water declines during winter, local people connect the canal with river Jamuna and cultivate “Boro” rice. There are several water bodies along side the canal, some privately owned.  In absence of proper plan and management the canal lays almost unused except sporadic fishing by some localites. A proper plan to utilize this surface water resource in the following ways could provide safe water treatment and overall economic development for the people living on the banks:

(a)
In Deganga block out of 15,886 tubewells we analyzed 13,000 tubewells for arsenic and found, 57% and 37.3% had above 10 and 50 (g/L concentration respectively. In this block out of 234142 people an estimated 7726 were drinking contaminated water having arsenic concentration above 300 (g/L. In our preliminary study with our medical group including expert dermatologist, obstetricians and neurologists we examined 11,780 people and 786 (6.6%) people were identified as patients (16). In these circumstances the water from this canal after proper treatment can be supplied to nearby areas. This can serve as a safe water option for the poor affected villagers.

(b)
A planned fish culture program and duckary can be undertaken.

(c)
The water can be directly used for irrigation instead of tubewells.

What we need is proper management of huge land-water body with people’s participation using advanced water purification technologies. 
For the above mentioned mitigation options to be successful in arsenic affected regions the following points should also be emphasized.

Role of better nutrition

We must understand that so far there is no available medicine for chronic arsenic toxicity; safe water, nutritious food, vitamins and physical exercise are the only preventive measures to fight the chronic arsenic toxicity. Plenty of seasonal fruits and vegetables, which are very cheap, are available in arsenic affected villages around the GMB plain round the year. A large percentage of villagers are not aware that they can get better nutrition from local fruits and vegetables. They have to be trained how they can get nutritious food using cheap local fruits and vegetables. Cooking also destroys essential nutrients in vegetables and fruits. Grape fruits can be bought at a rate of 15 per dollar, instead people prefer to buy popular cola drinks, which don’t have nay nutritional value at much higher price. This proves the maxim, “A good salesman can sale refrigerator to an Eskimo.”

The Role of Community Involvement

We noticed in our 18 year long survey that arsenic remediation approaches in the laboratory or discussion table may be seem successful but when it goes to field level it fails miserably. We should remember that the task of arsenic removal can be viewed broadly as a social project. The concept of community participation though a new paradigm is now become integral part of any successful social venture. A proper initiation exercise should have preceded the installations. 
The users need to be properly educated about:

a) the danger of arsenic in drinking water

b) the necessity of arsenic safe water
c) the options at hand and finding a viable option amongst them

d) explaining in simple way how the process works with help of diagrams without technical jargons

e) importance of periodical checking of treated water for arsenic

f) importance of keeping updated on quality of treated water in terms of arsenic and other contaminants as found out from periodical testing. The results of periodical testing may be passed on to the villagers through effective campaigning. 

With our long field experience we have observed that if we can convince mothers about the possible danger of feeding her child arsenic contaminated water, she can walk miles to fetch safe water for betterment of her children. So role of womenfolk in eradication of the problem need to be emphasized.  

The various processes for initiating community participation may follow take the following steps:

· In-depth discussions with key persons/clubs or groups

· Social mobilization through discussions

· Equality in Gender participation

· Improve the community’s understanding about the participatory approach

· An agreement with the community to share the expenses.
· Finally with our long field experience we believe that unless the top-ranking officials of the Government pay a visit to the arsenic affected areas themselves (Following old Indian custom when King used to visit in disguise), without the yes-men, to witness the “ground reality” they would not understand the gravity of the situation. 
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