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Introduction and Background

West Bengal, a state in Eastern India is very rich in groundwater and more than 80 percent of its populations tap this source as drinking water. In West Bengal, and in the neighboring nation of Bangladesh, a health crisis of devastating proportions has been quietly unfolding over many years. Much of the groundwater underlying the Upper Deltaic plain between the Bhagirathi River in West Bengal and the Padma River in Bangaladesh has been contaminated by arsenic concentrations exceeding the permissible limit of 0.05 mg/L arsenic concentrations most often ranged from 0.09 to 3.2 mg/L.

Arsenic occurrence in the regions aquifers has been attributed to geological factors. Arsenic mobilization in the water may have been caused by over withdrawal of groundwater during cultivation. Contaminated water sample analyses have shown that arsenic in the form of arsenite [As(III)] is prevalent. Compared with arsenic in the form of arsenate [As(V)], As(III) is reported to be more mobile and more toxic.

The contaminated groundwater constitutes the sole source of drinking water for 12 to15 million people in West Bengal who use hand pumps to draw water from scattered wells. The effects of arsenic accumulation in the human body are well-documented – skin lesions and disorders of the circulatory and nervous system. Among the impacted villagers, clinical manifestations of arsenic poisoning include hyperkeratosis and hyper pigmentation in palms and soles, arsenical dermatitis, skin cancers, as well as gastrointestinal symptoms such as nausea, abdominal pain and diarrhea.

Current evidence indicates that symptoms of arsenicosis developed after years of ingestion of arsenic contaminated water. The crisis in West Bengal unfolded over many years, and its solution would demand a commitment of time, expertise and funds.

The World Health Organization (WHO) guideline value for concentration of arsenic in drinking water is 0.01 parts per million (ppm). However, after due consideration of environmental factors, socioeconomic conditions, food habits, etc. 0.05 ppm has been accepted as the Maximum Admissible Concentration (MAC) of arsenic in drinking water by many countries in the world, including India.

While arsenic pollution in drinking water has been reported in other countries like Taiwan, Japan, Mexico and the United States, the problem in West Bengal and neighboring Bangladesh seems to be gravest in the context of the area and population affected. To save millions of people from being affected with arsenic toxicity, appropriate and sustainable treatment of contaminated water at village wells is necessary.

Laboratory Study


In January 1996, Water for People (WFP), a non-profit organization, located at Denver, Colorado, with the objective to help providing safe drinking water to poor people in developing countries, awarded Bengal Engineering College (BEC) a grant of $ 10,000 to conduct a laboratory study to select arsenic-removal technologies appropriate for use in rural villages. The project partners recognized that arsenic removal technology for West Bengal must not only be effective but also relatively simple in terms of operation and maintenance. The environmental engineering laboratory of Civil Engineering Department, Bengal Engineering College conducted laboratory tests to determine the most effective technology for removing arsenic. Locally available activated alumina (AA) proved to have significant capacity for arsenic removal.


Bengal Engineering College working with Lehigh University, Pennsylvania developed domestic and wellhead Arsenic Removal Units. The well-head units are named AMAL Arsenic Filters, after late Dr. Amal Datta, Professor of Civil Engineering of B. E. College and the first Principal Investigator of the project who passed away in 1997.

Field Testing of AMAL Arsenic Filters

Beginning in 1997, AMAL Arsenic Filter (Figures 1 and 2) was piloted in twelve affected communities for three years. The pilot field applications for three years indicated their suitability for further replication to cater to the suffering millions. In-situ regeneration methodology has   been developed and tested and was found to perform effectively after regeneration. During this time, the project team tested the performance of these units and the requirements for operations and maintenance and refined the model for wider community implementation. The AMAL Filter Units (Figures 1 and 2) have been found to treat 0.8 to 1.2 million liters of water in a single cycle before the activated alumina media getting exhausted, which depends on the raw water arsenic concentration and may need regeneration after 8 to 12 months. Field-testing indicated that one single AMAL Filter Unit would provide enough water to meet the drinking and cooking needs of approximately 200 families with a population of 1,000. It was determined that each unit would cost approximately $ 1,500 to produce and install which translates to $ 1.50 per person.  A fundamental part of the project is fostering community participation, developing an education model, and establishing the institutional capacity necessary to shoulder responsibility for unit operation and maintenance as well as media regeneration.

Implementation in Communities

In 2000, with a grant of $ 180,000 from Conrad Hilton Foundation, Rotary International Foundation along with Puerto Rico and Golf Green Rotary Club of Calcutta, Water For People and Das Foundation, B. E. College expanded implementation of the AMAL Arsenic Units into other West Bengal communities. Three arsenic prone districts in West Bengal, Nadia, Murshidabad, and North 24 Paraganas were targeted as shown in the map of West Bengal.

[image: image1.jpg]



Between January 2000 and July 2003, about 80 communities in these districts implemented the Arsenic Removal Project. During this period, community mobilization and health education emerged as critical project strategies to support arsenic mitigation and successful adoption of the project. Social interventions included production of arsenic health impact literatures in Bengali, locally employed health educators, street theater, and production of an educational video. 

Local Awareness, Social Mobilization and Willingness to Pay

The arsenic mitigation project not only attempted to shift villagers’ use of unsafe water sources to treated water supplies, but also to pay for the cost to operate and maintain the new system. Given the socioeconomic status of the populations and the fact that water had historically been provided to the public free of cost to the public, project implementation required that villagers understand the need for arsenic mitigation from a health standpoint and the costs and benefits of the arsenic removal project.  

A broad communication strategy was implemented in both villages to increase public awareness of the health problems associated with arsenic contaminated water and the arsenic removal project as a prevention option. The desired objective was to support the AMAL filter unit scheme and public use of this water for cooking and drinking. Key activities involved community meetings; home visits by health educators and water committee members, dramatic performances, and video and print media. Communication methods were designed to be effective with villagers of all literacy and educational levels. These were generally interactive by design, using appealing media to convey messages and engage villagers in dialogue about arsenic and health promotion. Local influential leaders and health educators conducted the activities, while BEC staff provided assistance as needed.  

Upon invitation from community leaders, BEC Project Team conducts water sample tests in village tube wells that confirmed the concentration of arsenic was above the allowable limit. BEC staff presents community leaders with the test results and collaborates with them in planning an initial community forum for discussion of the arsenic problem and the solutions offered by the Arsenic Removal Project.

This community meeting created an opportunity for the first formal, village-wide discussion of arsenic contamination of water.  At the meeting, BEC Project Team and villagers discuss the presence of arsenic in local groundwater and the health risks and effects associated with exposure. The Arsenic Removal Project is presented as an option for addressing local arsenic contamination and requirements for participation are outlined. This discussion usually generates interest among local community leaders and members in the community, and helps the communities to make decision for implementation the project. 

A memorandum of understanding between BEC and the community that specified roles and responsibilities of each party formalized the partnership and the villages' commitment to project participation. Each village established a water committee, engaging interested individuals in the process of mobilizing villagers to support project implementation. The committee set a water tariff of 10 rupees ($.25) per family per month based on BEC's recommendations about experiences in other communities and internal assessment of what villagers would be prepared to pay. At this level of taxation, a minimum of about 75 households are required to purchase monthly water tariff cards to cover the costs of daily operations, repairs, and regeneration.

An intensive mobilization campaign, involving home visits, performances, and health educators, is conducted to garner the support for the tariff and installation of the filter. To support these efforts, BEC provides the water committees of each village with informational materials on causes, effects, and preventive measures of arsenic poisoning.

Home Visits

Water committee members conduct home visits to ensure that every family was provided with adequate information about the arsenic issue.  During household visits, committee members discuss the costs and benefits of the new arsenic removal filter, as well as the serious health impacts of arsenic contamination, with families. Villagers are encouraged to take preventive action by subscribing to the water plan and using only the filtered water for cooking and drinking. 

During these visits, villagers are told about experiences from villages in the other nearby  AMAL Filter communities and of particular individuals who had begun to see a reduction in severe symptoms of arsenicosis. The stories help villagers overcome perceptions of the remoteness of the risk of arsenic poisoning and to relate to health risks on a more personal level. Committee members feel that interpersonal communication and, in particular, the sharing of these stories is one of the most effective tools they use for shifting attitudes about arsenic mitigation. In cases where family members were literate, the committee also provided them with pamphlets on arsenic-related information. 

Video and Drama Performances

Committee members usually hold community meetings during which a video produced by BEC is shown or in many cases a live drama has been performed by a professional troupe from Kolkata, coordinated through BEC.  The video discussed issues of arsenic contamination and how the arsenic mitigation project worked.  The drama, called "In Search of Pure Drinking Water," used song and dramatic characters to teach about the need for arsenic mitigation and how the tariff, which was reportedly suspected by villagers, supported the functioning of the filter unit. The street drama has been so well received by community members, that an hour-long feature film has also been produced by BEC utilizing similar messages about the need for arsenic-free water. 

Visiting Health Educator

A health education component also served to increase awareness of arsenic prevention, as well as a broader set of other primary health issues and practices. Each village has one female health educator from the community selected and trained by BEC. BEC provides training to each health worker on a variety of topics including health and hygiene information, communication skills and methods and use of the educational materials. Each is paid a modest monthly stipend to conduct health education through household visits. 

In each community, the health educators conduct door-to-door visits with 20 to 30 homes per week. They are able to visit all households within the first two months of the project and, every two months thereafter, to return and visit with these families again. Prevention of arsenicosis is a main topic of home visits, but they also covered a variety of health and hygiene issues: water handling and storage, food handling and storage, hand washing and bathing, oral hygiene, sanitation and importance of using properly maintained latrines, proper nutrition, and child immunizations. Health educators use print media and visual tools to communicate health concepts and practices, such as sketches that illustrated health practices, developed by BEC as part of the health educator manual. 

During the first visit to each home, the health educator collects data on family awareness concerning these health practices. Additionally, families that collected water from the AMAL unit were asked to provide feedback regarding any problems with the water, such as taste, color, odor, etc. This information, along with the number of homes visited each week, is regularly provided to the water committee, field staff and BEC for monitoring purposes.

The health education component typically lasts six months in each project community due to limited funding. 

Water users, committee members and the health educators reported that the communities were receptive to the education method and that face-to-face contact with villagers had facilitated education efforts. Moreover, home visits were found to be a particularly critical strategy for gaining access to women in their home environments, where they were likely to be more comfortable asking questions and sharing opinions. Having a female health worker was key in gaining this access.

The variety of methods employed to raise awareness and mobilize community members in the adoption of new water use and other health behaviors is strength of the project. 

Social Infrastructure for Implementation and Sustainability 

Establishing and training the water committee was a critical strategy in preparing for implementation success and sustainability. The water committee is the key institution developed to ensure the ongoing functioning of the arsenic removal unit. Primary functions related to this included tariff collection, fund management, and oversight of the proper operations of the AMAL filter unit, hand pump, and well. 

BEC established guidelines and provides training to water committees to ensure that they are adequately prepared to assume management responsibilities. These guidelines set minimum standards for committee membership and operations to help ensure effective, democratic and transparent operations. For example, guidelines specified that members must: 

· Be elected annually by paying water users

· Agree to serve on the committee without pay, as membership on the committee should be based on a desire to promote good health within the community  

· Ensure that one-third of the committee members are women 

· Abstain from engaging in politics while on the committee  

· Meet formally at least every three month

· Hold an annual general meeting to gather formal feedback from users and support future planning.  

Formal training has been provided to the each of the water committees and a manual provided by BEC staff, covering the following areas: 

· Health effects of arsenic poisoning, signs and symptoms, and preventive strategies

· Guidelines for committee management and work including a code of conduct, leadership principles such as transparency and accountability, and procedures for elections, general meetings and other aspects of a successful committee

· Guidelines for financial management and accounting of the water fund

· Technical procedures concerning the arsenic removal unit, including details about unit functions, necessary upkeep and maintenance tasks, problem trouble-shooting, and basic repairs

· Review of resources such as lists of local plumbers and other skilled technicians, as well as suppliers of parts.

Hiring and Training the Caretakers

Each committee is required to hire and monitor the performance of a local caretaker of the AMAL filter unit and the well and pump to which it is attached. The caretaker is responsible for carrying out the technical and operational tasks that are necessary to ensure proper functioning of the unit, such as back washing of the units and monitoring water collection. The caretaker is paid a modest monthly salary from the water fund for this service. To ensure that the caretaker have the necessary specialized skills, they are required to participate in an initial one-half day training on maintenance and repairs of the filter unit with BEC staff. BEC staff also provides a required booster training following the first five months of the caretaker’s employment. The water committee played a central and ongoing role in monitoring and supervising the caretaker’s work.

Maintaining and Sustaining the AMAL Filter Units

Operations and maintenance (O and M) is a relatively simple procedure. The key is regularity in performing O and M tasks and vigilance in monitoring the system to identify and rectify any emerging problems. The water committee and caretaker coordinate with each other to ensure that several tasks are taking place on a regular basis. The most critical daily tasks are back washing the unit to remove iron deposits and monitoring water collection practices to ensure proper use of the hand pump and unit and conservation of the media. Other monthly tasks include monitoring of water quality by sending out and posting water sample tests conducted by BEC, and ensuring the filter chamber is being refilled by users as they collected water. The caretaker is also responsible for ensuring that the arsenic filter site was free from debris and standing water, so that the site would not pose a health hazard to the community. 

In general, water committees feel that routine maintenance of AMAL filters is not a problem, because caretakers are trained and have the ability to maintain the unit and make repairs. 

In 2003, BEC constructed a local regeneration facility, which is now run by a trained private entrepreneur. This changed the way regeneration was accomplished to minimize the down time of the AMAL filter. Now, regeneration is less time-consuming, requiring only the private company to come with a bag of new or regenerated media and take back the exhausted media to the local regeneration center for regeneration. 

BEC’s role in providing training and technical assistance to the communities for the year following project start up was critical to implementation success. Field supervisors (who were employed and supervised by BEC but lived in nearby villages) were responsible for the technical assistance provided to communities and visited them regularly. Field supervisors monitor caretaker performance, functioning of the filter unit, and assist the villages with routine maintenance and in making repairs to the unit. They also assist in monitoring supporting activities such as water fund accounts and water committee performance. Although the field supervisors became trusted and important support mechanisms during this trial period, ultimately, they provided training the community to manage the unit independent of field staff assistance. 

Thus, BEC’s support played an important role in preparing villages to sustain the AMAL Arsenic Removal Project. Field staff supervisors are able to work through various problems with water committees and caretakers to ensure that issues were remedied. They are also the link between the communities and the BEC project staff.

Women’s Role is Critical

Women are key stakeholders in this project. As the primary collectors of water, and as those responsible for feeding their families and maintaining household hygiene, women are a critical group of potential change agents in communities concerning water consumption and health practices. This project, with its requirement of at least one-third membership of women on the water committee, and its selection of women for health worker positions has served to shift such traditional norms. Because they themselves held the same traditional roles in the family as other women, they ensured representation of village women and recognition of their needs in the decision-making process.  

Women's involvement as managers of water is an important achievement of the project, due to the traditional role of women in bearing the burden of water collection for the entire family's needs. Because of their traditional role, women are particularly concerned with the availability and accessibility of water. Having women to serve on the water committees is a requirement created an opportunity for them to advocate for women’s needs in the decision making process. Women serving on the committees are found to be comfortable speaking up and exercising their influence among male counterparts. 

Political Interference

Political interference in the water committee is a problem that has occurred in other communities, prompting BEC to include this in the committee guidelines. Local politics are a strong force in rural West Bengal and previously have resulted in the manipulation of public services for the benefit of winning elections or providing political favors. Committee guidelines require members to remain uninvolved in politics during their tenure on the committee, and field supervisors were instrumental in monitoring this. 

Financial Sustainability

The financial aspect of operating and maintaining the system is another key component to ensuring proper functioning. Without this fund, repair costs and payment of the caretaker is not possible. The water committee collects funds from users on a monthly basis, issuing a tariff card that shows the number of people in the household and payment received for each month. In cases where a water user could not make a payment (even when some are reduced to five rupees for very poor families), the family was not prohibited from using the water, but the committees tracked such cases to secure payment subsequently. 

The water committee collects and deposits funds each month in a bank or in a post office account, keeping an accounting book of all financial transactions. In addition, there are at least two signers for withdrawal of funds from the post office account for repairs or maintenance costs, ensuring that use of funds are well monitored.

Impacts

Data indicated that a number of positive impacts resulted from the AMAL Arsenic Filter Project in two case study villages. These included a change in water use among village populations, realization of health benefits, and increased awareness of health risks and safe hygiene practices. In addition, data suggest that women have benefited from the project as well. 

Water users interviewed (typically women) generally felt that drawing water from the AMAL Arsenic Filters was sufficiently convenient to meet their needs. According to users interviewed in two communities, it typically took 15 to 20 minutes to collect enough water for one day’s household cooking and drinking needs, an amount of time that was viewed as reasonable.  Clear and consistent rules for collecting water, monitored by caretakers and committee members, are perceived to be helpful for ensuring that all families are able to meet daily water needs in a relatively short period for collection. 

Due to health and hygiene training, health knowledge, attitudes, and practices are also generally improved in these communities. Awareness and knowledge regarding the importance of safe water was evidenced by water collection practices among many villagers according to the health worker and water committee. Water committee members and the health workers state that many more women are washing water containers before filling them, and covering them afterward, reducing the potential for waterborne disease.

Summary

In West Bengal, and in neighboring nation of Bangladesh a health crisis of devastating proportion impacting health of 50 to 60 million people resulting from arsenic contamination of ground water has been unfolded during the last 10 years. Many people are dying as a result of drinking of highly arsenic contaminated ground water for a long period time.

In order to help these poor people to obtain safe drinking water, Bengal Engineering College started the AMAL Arsenic Filter project in 1996 using a very modest funding from Water For People; a Denver based non-profit organization. In 1997, it started from a laboratory experiment to a full-scale field pilot study in twelve different communities in West Bengal. In 2001,Water For People raised donation from various donor foundations, and funded $180,000 to B.E. College to construct about 100 AMAL Arsenic Filter units in 100 communities in West Bengal. These projects are made sustainable by community participation and involvement. The project particularly requires mandatory participation of women in the management of the AMAL Filter Units. Formation of Users’ Committees and raising of water fee are the keys for sustainability of these projects.  

In 2003, Water For People hired an independent consulting company to evaluate success of the project from long-term sustainability point of view. This independent study praised dedication of B. E. College project team for success of this project. Success of the project lies in the B. E. College project team’s careful formulation of the project by incorporation of it’s all essential aspects including technical, social, institutional and financial and serious involvement of communities in formulation of the project from the beginning. Volunteer project staff with their hard work is providing an enormous service to poor communities of West Bengal.

The problem is enormous in size and needs millions of dollars. For continuation of this project, Water For People is raising fund for the year 2005.
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Schematic of Hand Pump Arsenic Removal Units
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Figure 2 - Photograph of Hand Pump Unit
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