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1. Introduction – Approximately two million people in West Bengal’s North 24-Parganas district in

India consume tube well water with arsenic concentrations above the permissible limit of Bureau of

Indian Standards for drinking water. Elevated concentrations of arsenic can

cause a wide range of diseases including various forms of lethal cancer. As

per  seven-year study on 48,030 tube well samples from blocks in North 24-

Parganas  29.2% (approximately 1 million people) and more than 50%

(approximately 2 million people) of people in North 24-Parganas consume

water with arsenic concentrations above 50 µg/L and 10 µg/L, respectively

[1]. The highest observed value of arsenic contamination in Baduria block

was 2830 µg/L [2]. Again temporal change of arsenic contamination of tube

wells over time changes is has been observed by [3] and [4] when Seventy-

two percent of  tested tube wells were devoid of arsenic contamination

when they were surveyed for the first time but showed contamination with

arsenic after two to five years. One such affected region is the Ghoshpur adivasi para, Chatra G.P in

Baduria block, North 24-Parganas which is home to a minority community of indigenous people (approx.

675 individuals). Despite knowledge on elevated levels of arsenic within aquifers in the vicinity of the

community, untreated groundwater from shallow tube wells is still the inhabitant’s cuurent source of

drinking water and other purposes. In order to investigate drinking water supply-related needs and assets

of the target community, a comprehensive community survey (needs assessment) was conducted among

households and complemented by focus group meetings with key informants. Thereafter, novel criteria

were developed to evaluate based on extensive literature review and under consideration of findings from

the needs assessment, water quality assessment, social, environmental, financial and technical suitability

as well as sustainability of the three water treatment technologies. The developed criteria were integrated

into a Multi-Criteria Decision Analysis (MCDA) framework to determine most suited technology for

sustainable community-based safe drinking water supply in the target community.

2. Experimental – In 2017, for implementing MCDA framework community needs assessment and water

quality assessment of the target area was conducted with the help of community participation and field

water testing kits. In the study area 81 groundwater sources (5 deep tubewells and 76 shallow tubewells)

and 8 surfaces water sources (7 ponds and 1 river) were assessed and water quality of the water sources

was analysed. As per survey in 64% tubewells arsenic and iron concentration were observed more than

permissible limit as per BIS standards and in 51% tubewells also bacterial contamination was found

among the 81 tubewells. 70% people directly consumed Arsenic and Iron contaminated water, 37%

people directly consumed bacterial contaminated water among the 675 villagers. Basis on this result,

Image 1.  Location of Study Area 
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Image 2. Result of MCDA on selected technology 

community based three effective water treatment technology e.g., Multistage Filtration (MSF)[5], 

Oxidation Co-precipitation & Adsorption (OCA)[6] and Subterranean Arsenic Removal (ASR)[7] had 

compared and analysed. Various aspects like social, environmental, technical feasibility, capital and 

operational expenditures and revenue generation, adapted and modified from Visscher (1987) [8] and 

considered for each technology. The overall resulted score for each area is calculated based on the score 

and weight of each criterion: 

. (1) 

The information for completion of this study was obtained through literature research, field observations, 

sample collection, laboratory examinations and communication with key informants from the target area.  

3. Results and Discussion - The weighted results based on equation (1) are summed up for each

technology and compared in image 2 and ranks the technologies in the following order from more to less

suitable: MSF (7.1), SAR (6.0), SAR-pilot (5.5), OCA  case 2 (5.7) and OCA int./case 1 (5.4). Looking at

the individual categories in image 2, MSF also scores best in terms of environmental feasibility in the

study area. Within the SAR process, no additional substances are introduced into soil, but it is to be

assumed that arsenic accumulates in the surrounding aquifer. However, the accumulated arsenic is

trapped in the sand along with the iron flocs, constitutes an infinitesimal volume of the total water volume

being handled and hence poses very little environmental threat in its precipitated form. Within the MSF

and OCA system sludge will be produced, which is in case of the MSF nontoxic and can be used as a

fertilizer, but must be deposited as hazardous sludge in case of OCA system. MSF and OCA technology

does not contribute to soil pollution as there won’t be any disposal of process substances getting in

contact with the soil. The choice of water resource is here decisive, which is surface water in the case of

MSF and groundwater for the other two technologies, which, according to Indian authorities, is not

considered to be the most sustainable long-term solution in combating the arsenic problem.

In terms of technical feasibility, the MSF system also performs best. The highest weighted criteria in this

category are: Operation and maintenance complexity, Assumed final results and output and Reliability, in

which SAR in particular SAR performs poorly due to complex preliminary investigations and lack of

long-term studies. The OCA technology system performs worse due to operation complexity which is

caused by the use of chemicals at the right time and in the right amount.

In terms of social feasibility, SAR receives the highest scores for all subcategories. The MSF technology

option shows here a worse result due to a less assumed perception and social compliance which are

caused by the use of surface water. OCA system does not reach fully scores due to less possibilities of 

community involvement which is caused by the prefabrication of the plant components. Considering, the

ratio of all benefits over the entire lifetime of a plant (one-off and continuous benefits) to the Capital

Expenditures, MSF, OCA (integrate.), OCA and SAR score 8.8, 5.3, 11.1 and 6.9, respectively. This

means that in relation to the Capital Expenditures, OCA and MSF are likely to introduce the highest

amount of benefits. SAR ranks third whereas OCA (int.) is expected to introduce the lowest amount of

benefits compared to the required Capital Expenditures.
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4. Conclusions - Under consideration of various technical, socio-economic and environmental aspects,

MSF emerged as the most promising technology. MSF did not score better than OCA and SAR on

various social criteria (e.g. health improvement, confidence in the technological solution) but still

outperformed them with regard to e.g. environmental (emissions, energy use, impact and use of water

resources etc.) and economic (e.g. business opportunities, career opportunities) performance. This

outcome is mainly relatable to ease of use, durability and environmental soundness. It should also be

noted that the existing literature expresses much uncertainty on the success and performance rates of the

technologies and SAR in particular. Provided that SAR would have a hundred percent success rate and

uptime, it may be the technology introducing the highest amount of benefits. However, given the limited

funding, the risk is simply too high to pursue SAR. On the other hand, provided that there is sufficient

funding, implementing SAR alongside a more reliable option would be a great way to test this innovative,

cost-efficient, and yet to be verified technology. MSF, on the other hand, is a more reliable technology

that has been tested and verified. Admittedly, it is more expensive than SAR. However, it has a longer

lifetime and higher success rate. As it is declared goal to implement a long term solution, the latter

aspects were weighted higher than a purely economic reasoning. In fact, the cost of implementing and

operating drinking water supply cannot outweigh the human right of access to clean drinking water and

monetization of benefits related to clean drinking water is a one-dimensional perspective.
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