3rd International Symposia (2001) 
The symposia on Reducing the Impact of Toxic Chemicals in Bengal Basin was held in Kolkata from February 10-12 at the Grand Hotel and 14-16 at the Bangladesh epartment of Public Health Engineering Conference Hall, Dhaka. The Dhaka symposium was organized by IIBB and DPHE in collaboration with UNICEF and WHO Dhaka Office.  
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Freedom From Arsenic Through Surface Water Management 
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V. R. DesaiAssistant Professor, Civil Engineering Department
Indian Institute of Technology, Kharagpur-721 302West Bengal, India

Arsenic contamination of the drinking water has been a major environmental health problem in the West Bengal State of India as well as in Bangladesh (i. e., the Bengal Basin) for quite some time. This problem has been attributed to the geological activity which is supposed to be influenced by the over-exploitation of ground water in the areas for various uses of water such as domestic water supply, irrigation and so on. There have been many studies which have recommended various measures for arsenic removal from the drinking water obtained by underground sources such as wells. Many of these studies have been successful to a satisfactory level. Some of the technologies developed through such studies have been patented also. All these studies address the curative aspect of the arsenic contamination problem of drinking water. However, it is well known that ‘prevention is better than cure’. Therefore, the present paper discusses a preventive aspect of the arsenic contamination problem of the drinking water. 

The Bengal Basin has a minimum annual rainfall of 1300 mm which is above the average annual rainfall of India. It is estimated that for human population, the water requirement for drinking and cooking is only 14 liters per head per day. If all the water required for drinking and cooking of the entire human population of the Bengal Basin is collected through surface water sources, we can almost totally avoid the arsenic contamination of drinking water. To achieve this, suitable techniques which prevent the arsenic contamination into the drinking water need to be adopted. Rainwater harvesting is one such technique. Rainwater can be collected from the roof tops either by the individual families through drinking water jars or by a group of families through concrete-lined underground water tanks. Rainwater can also be collected by communities through lined surface water tanks. To facilitate such a surface water management program, necessary modifications need to be made to the drain pipes to the roofs as well as to the land use pattern of the areas where a surface water tank is planned. The communities need to be properly educated, trained and provided with all kinds of assistance (including financial assistance) to make these programs effective. The success of the ‘National Jar Programme’ in the North-eastern Thailand consisting of millions of drinking water jars of 6000-liter capacity in the early 1990’s can be mentioned here. Such simple surface water management techniques can provide us with a lasting solution by totally preventing the arsenic contamination of drinking water. Simultaneously, we can also minimize the exploitation of ground water for drinking purposes. 

Arsenic In Bengal Basin Groundwater: Towards An Inclusive Hypothesis And A Survival Strategy

Amalbikash Mukherjee 25/1 Subodh Park, Bansdroni, Calcutta - 700070, India and Subhasish DasDepartment of Geology and Geophysics Indian Institute of  Technologu, Kharagpur-721302, India
The great spurt of new data in the last two or three years relating to the arsenic problem in the groundwater of Bengal Basin has made it necessary to set up a comprehensive working hypothesis, that can relate to and connect all data and observations, has enough flexibility to accommodate new, emerging findings , and provides a scientific basis for a strategy of survival. Equilibrium thermodynamics, with reasonable nonequilibrium extrapolations, requires that As-bearing Fe sulphides and As-bearing Fe oxyhydroxides reported from the Bengal Basin must have coexisted in oxidative equilibria over a range of P-T-f(O2) conditions. It would indeed be very unlikely for a sandy/silty/clayey horizon carrying a sprinkling of detrital sulphides (brought down possibly from one or more upstream primary sources), under high energy fluvio-deltaic conditions with shallow, fluctuating groundwater table, not to oxidise itself progressively upwards, mimicking locally zones of supergene enrichment. With the sea receding, such oxidised zones would be covered up by younger sediments, more fluvial than deltaic, and in all probability would be broken up into isolated marshy lagoons, wherein accumulated organic matter and bacteria would trigger reductive dissolution of the As-bearing Fe oxyhydroxides, releasing As into the aquifer water. The Holocene geological history of the Bengal Basin must have provided ample scope for a scenario, such as this, of a two-stage process: oxidation followed by reduction of the As-bearing mineral phases. There is no intrinsic quarrel and mutual exclusivity between the so called “pyrite oxidation” and “oxyhydroxide reduction” hypotheses for As mobilisation in the Bengal Basin. More difficult is to understand the reported increase in As concentration in some groundwater zones with increasing age or residence time. Crucial to this understanding is the nature of the bond between As and the Fe oxyhydroxides. A strong groundwater flow gradient, induced by increased pumping, may release As into the aquifer water, if arsenic is bonded to oxyhydroxide mainly through weak surface forces. Inexpensive aqueous geochemistry experiments may be designed and carried out to determine the distribution coefficient of As (III) between As-oxyhydroxide and water under varying redox conditions. A distribution coefficient strongly favouring water would explain the progressive enrichment of dissolved As in some wells. The long term survival strategy for the people inhabiting the As-affected parts of W. Bengal and Bangladesh must ultimately rest on a total switch-over from groundwater to perennial rivers and rainwater. The relevant technologies for river water and rainwater harvesting must be upgraded and implemented on an urgent basis. All sundry technologies for arsenic removal by filters, chemical treatment etc can only serve a temporary purpose over the period of this transition. 

Anthropogenic Influence of Uranium Mining on the Arsenic Contamination of Environment: The Missing Link In Proposed “Holistic Contamination Theory 
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P. K. Pandey, S. Yadav, S. Nair, S. Sar, and M. PandeyDepartment of Engineering ChemistryBhilai Institute of TechnologyDurg 491002, India

In 1997, the WHO acknowledged that arsenic in drinking water is a "Major Public Health Issue" which should be dealt with on an "Emergency Basis" as it has become an international problem. World’s most affected region is Bengal Delta Plain (BDP) comprising Bangladesh and West Bengal (India). Earlier we (Pandey et al.) had reported arsenic contamination and human affliction at places far away from BDP also. Arsenic contamination of BDP is believed to be natural in origin and two theories i.e. the pyrite oxidation and the oxyhydroxide reduction theory; have been proposed for arsenic release. Here we show that uranium mines in non-arid regions can cause severe environmental impacts by releasing acid drainage and arsenic. Further, the two proposed theories are individually insufficient to account for arsenic mobilisation and it’s environmental cycling. There had been a spurt in mining, particularly the uranium mining in South-East Asian subcontinent and China after 1950’s. Many of such prospected and mined uranium deposits stand decommissioned on account of the poor recovery. Acid Mine Drainage (AMD) from an inactive uranium mine and a near neutral AMD mobilised arsenic contamination of both the ground and surface water is reported here. One year fortnightly water analysis of the surface water of an impacted ecosystem on about 40 locations carried out by us shows a near neutral pH, high acidity, total dissolved solids, hardness and metal enriched drainage. Standard methods and QA/QC protocol were implemented for analysis. The streambed and the seeping sites were found to contain very high amount of hydrated iron oxide (yellow boy) resulting into initially yellow-orange and later white coloured crust. The fish and other aquatic population are very sparse in wide stretches of the receiving streams. However, acid resistant algal bloom is present in the streams after certain distance from the source. Flooding of the inactive mine workings by passive infiltrations and/or other hydrological discharges has resulted into formation of an underground mine pool situated at higher altitude as evidenced by a steady rise in the water table of nearby areas. The yearly mean depth of water table has decreased from 9 meter in 1965 (estimated) to the present level of 5 meter, which is in sharp contrast to the increasing depths of water table in adjoining regions. The pH of AMD is near neutral due to the geological presence of alkaline compounds like calcite and plagioclase feldspar resulting into increased hardness and the mobilisation of arsenic, calcium, magnesium, sodium and potassium ions. Geologically the area is highly fractured and faulted resulting into migration of AMD to long distances but in a non-uniform manner. Arsenic levels in the groundwater at certain points of surrounding areas go as high as 3.9 mg/L (Yearly average 827.3 mg/L). About 8,000 people of the surrounding areas are suffering from arsenicosis of different stages. The groundwater of about 15 square km. area around the mine is arsenic contaminated within a range of 0.06 to 3.9 mg/L with the exception of points located on higher altitude even though near the mine itself. Surface water of the river system is also contaminated and the average yearly arsenic level is 0.5 mg/L. There are about two million people are directly and indirectly dependent on this system. Presence of two-line ferrihydrite (a normal AMD product) in both ground and surface water confirms the cross-contamination. Linear increase in correlation between the two i.e. from 0.40 in monsoon season (June-September) to 0.90 in pre monsoon (February-May) indicates similar origin and the dilution effect of heavy rains during monsoon (~110 cm). Arsenic correlates well with acidity and shows negative correlation with bicarbonate alkalinity, which precludes the oxyhydroxides reduction theory. Pyrite oxidation theory seems plausible (positive correlation with iron and sulphate in monsoon season) but it cannot fully account the high mobilisation evidenced at the present location. We propose that two reported mechanisms as above, work in tandem i.e. the arsenic generation is taking place at the mining sites that is translocated both by ground and surface water to far off distances in various chemical forms. Thus, the arsenic contamination can take place in oxidising conditions at near source locations and at far distances on encountering reducing conditions. Hence the two previously proposed mechanisms are two sides of one coin only. Uranium mining triggered acid drainage and toxics mobilisation could possibly be a worldwide-suppressed or ignored fact because as per the US-EPA the information on potential for AMD from uranium mine workings and waste rock was not available. We have observed that the scale of the arsenic dislocation and acid drainage from these mine sites is proportional to the precipitation and that is why the uranium mines in arid regions of the world have not caused the contamination at gigantic scale as in BDP. Groundwater always exists in a dynamic equilibrium with the subsurface geology and mere a change in the mode of withdrawal i.e. from dug wells (already in use since time immemorial) to tube wells (recently in vogue) cannot fully explain the spread of arsenicosis at epidemic scale in BDP. Finally, we propose the “Holistic Contamination Theory” to account for the arsenic contamination of BDP wherein the drainages from uranium and other such AMD causing mining activities; natural leaching from hard rock regions, pesticides, fertilisers, industrial activities, arsenical preservations, heavy groundwater extraction etc. are contributing factors for arsenic contamination yet the whole is bigger than the sum of its contributing factors. Our study clearly establishes the uranium mining as the missing link in the holistic picture of arsenic contamination. 

Aquaculture and the environment

Dr. Kasturi Samantaray Department of Nutrition and BiochemistryCollege of Fisheries, Orissa University of Agriculture & TechnologyRangeilunda, Berhampur - 760007, Orissa, India

With the loss of distant water fishing grounds, and promoted by a strong consumer demand, aquaculture industry has grown rapidly since last two decades. The global fish and shellfish production from aquaculture has reached an annual level of 109.6 million metric tones as per the latest FAO figures with annual growth rates of 60.7%. In India the total fish production from fresh and marine sector has gone up to 2.13 and 2.49 million tons, respectively. Further, the aquaculture sector has been recording a phenomenal growth of as much as 9% per annum, assuming significance particularly in the developing countries in the context of rural economy and natural resources.. Aquaculture ranges from the export oriented monoculture of prawns to the polyculture of several finfish on one hand and extensive to intensive culture practice on the other hand. Whatever the case may be the most environmental degradation is mainly due to the increase in the aquaculture units without giving serious thoughts to the waste generated from those practices. Fish cultivation in both sea water and freshwater leads to release of both inorganic and organic nutrients into the water that can have harmful effects. The inorganic nutrients, phosphate and ammonia can cause eutrophication while the release of organic compounds leads to oxygen deficit (Sumari, 1983). Feeding the densely cultured fish / shrimp with trash fish / animal products in enclosed areas, frequently results in deterioration of the ambient water due to losses of material from the diets and excretion from the cultured species. High protein feeds used in shrimp culture are highly putrescible. As much as 77.5% of nitrogen and 86% of phosphorous from the feed are wasted and goes to the water. One tone of Penessus monodon production results in a load of 57.3% to 118.1 kg of N and 13.0 to 24.4 kg of P (Phillips et al, 1993). These cause unmanageable self-pollution (Casavas, 1994). Consequently the type of and quality of food given to the cultured species is of great importance. Use of therapeutants in shrimp culture has the most damaging effects on the environment. 70 - 80% of antibiotics used, reach the environment. Soluble wastes entering the water column alter the natural composition of macro and micro organism, especially when large amounts of waste are discharged from intensive and semi-intensive fish and shrimp farms (Chua, 1993). Nitrates at a level of 20 - 40 ppm are dangerous to the environment. Nitrosamines produced by the decomposition of nitrates and nitrites in the stomach are carcinogenic and mutagenic. Intensive aquaculture produces solid wastes, organic wastes and dissolved metabolites, and also toxic gases like NH3, CO2, H2S, methane etc. Because of excessive phosphates and nitrates, algal blooms ensure, which cause oxygen depletion, fish mortality etc. Toxic algal blooms cause paralytic fish poisoing (Madean, 1993). Red tides have been reported from coastal waters worldwide. The most sources of suspended matter and pollution are situated along the coast or in shallow water and transport along the bottom is often in land ward direction. Therefore most suspended material and associated pollutants are deposited near shore instead of being transported farther out towards the shelf edge and the deep ocean. This may be different where rivers have built deltas out towards or over the outer shelf, where canyons are present near the river mouth, or where the continental shelf is very small. The non-living suspended particles are single grains or aggregates. The predominance of aggregates over single particulars has been observed in oceanic surface water. Aggregates can be formed in a variety of ways (Zabowa, 1978) through: Charge reduction of particles (either through increasing ionic strength of the surrounding medium or through observation; Enmeshment in hydroxides or in fecal matter, or mucus, secreted by organisms; Bridging by molecules adhering to the particle surfaces; Temporary deposition at the bottom of the sea followed by resuspension. River water contains dispersed particles but also some aggregates. Organic aggregates in water are the source of food for planktonic organisms. The pollutants are introduced into estuaries and the sea in dissolved, colloidal or particulate form through rivers, direct discharges, offshore dumping and through the atmosphere. Pollutants indorsed in dissolved or colloidal from can become particulate, chiefly through adsorption onto particulate matter. Since the highest concentration of pollutants enter the sea from the land or from near-shore dumping sites, the greatest effects are expected in estuaries and near-shore sea. The pollutants interact with the particulate matter in suspension the interaction depends largely upon the conditions in the direct vicinity of the particles as well as upon the nature of the particles and the pollutants involved.. The possible harmful effects of pollutants are very much related to their degree of accumulation, either through adsorption to particles and other chemical as well as sedimentary accumulation processes or through biological accumulation. The intensive system of farming is adjudged to have caused deterioration of water quality and outbreak of disease leading to crop loss. The discharges of the aquaculture farms has created environmental havoc not only in India but also in some of the South East Asian countries, particularly Taiwan, Philippines, China and Thailand. 

Alteration of haematological picture and membrane abnormalities in albino rats in response to benzophenone toxicity
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Uma Dutta & Karabi Dutta Cell Biology Laboratory Department of Zoology,Gauhati University Guwahati - 781 014 Assam, India

The absorption from continuous exposure to commonly used xenobiotic substances constitutes one of the greatest health hazards to human today. The present study deals with such xenobiotic widely used in cosmetic, perfumes, dyes, medicine and food packaging industries as a fixative and an efficient photostabilizer namely benzophenone. Millions of consumers are exposed to this chemical on a daily basis owing to its widespread use in many of the products on the market such as lipsticks, shampoo and UV-absorbing sunscreen lotion etc. The present experiment was performed to investigate the effect of benzophenone on the haematological picture of albino rats at a dose of 15 mg/Kg body weight on a daily basis through intraperitoneal route for a period of 17 weeks. The findings of the investigation revealed a striking alteration in the haematological picture with disorder of all blood indices. A significant increase in the number of circulating blood cells both erythrocytes and leucocytes indicated that this chemical exerts its toxicological impacts at the haematopoietic level causing gross disturbances in erythropoiesis as well as leucopoiesis. A sharp elevation of circulating RBC with increased PCV after 24 hours of treatment showed marked changes of production and release of RBC which continued till to the end of the experiment but Hb concentration declined gradually. Besides these, a reduction of MCV, MCH and MCHC along with various degree of morphological abnormalities of erythrocytes were also marked. Release of immature leucocytes and erythrocytes into the peripheral circulation revealed that the chemical definitely affects the haematopoietic system. This assessment was made on the basis of dynamic changes in the blood picture with advancement of exposure paradigm. Scanning electron microscopy (SEM) studies revealed a dynamic alteration in the configurational and membrane morphology as was manifested by the abundance of deformed and distorted blood cells. The surface disruption of erythrocytes included discocyte asymmetry, membrane folding or internalization, echinocytic or stomatocytic transformation along with the presence of target and Mexican hat shaped cell, whereas the cytomembrane irregularities of leucocytes showed extensive membrane ruffling, fused microvilli, pseudopodial or ridge like cytoplasmic structure on the surface. Grossly, the spleen enlarged. Microscopically the changes revealed were the atrophy of splenic pulp associated with infiltration of the cells of granulocytic series, macrophages and large number of damaged erythrocytes. An accumulation of haemosidirin pigment engulfed by macrophages within sinusoids and clumps of carcinoma cells at places were also marked. Microridges, membrane ruffles, blebs or various forms of irregularly shaped tuft microvilli were revealed by SEM on the surface of hyperplastic splenic cells. An aggregation of large sized, swollen, undifferentiated cells of characteristic abnormal surface features with long pleomorphic microvilli indicated carcinogenic alteration in the spleen. The findings of the present investigation definitely suggest the haematotoxic nature of benzophenone. As this chemical has an extensive application in a variety of cosmetic products of routine use, a chronic exposure to such chemicals may lead to cause irreversible haematological disorder, which may lead to the development of clinical signs and symptoms of haematological diseases in human. Key words : Benzophenone, Haematotoxicity, SEM, Membrane morphology, Spleen. 

Fluoride Toxicity in Bengal Basin –A Geo-Medical Approach 
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Dr. Susmita Guha RoyVisva-Bharati, SantiniketanWest Bengal, India

The Bengal Basin is under threat of pollution and environmental deterioration. A huge number of people in this area are affected by different Toxic contamination of water. Arsenic contamination has been known for the past twenty years why fluoride contamination has been around past sixty years. The menace of fluorosis is spreading. In the Rahr region of West Bengal, Birbhum is a drought prone district. Water table fluctuation is marked here. Further more in northern portion, high fluoride contamination is a serious problem. Using of fluoride – contaminated water ultimately leads to calcium disfunctioning. The results is different Orthopedically Handicapness. In a block, Nalhati, Nashipur is the village where terrifying impact of the menace is found. The people have drinking water with a fluoride content as high as 17 mg./liter. So there is only knock-kneed, fingers crumpled, teeth-mottled and hunch back poor persons. 

Study on The Impact of Toxic Chemicals on the Biodiversity of The Bay of Bengal to Make It A Sustainable Life-Supporting System

Kumar Chaudhuri

In recent times, the coastal marine ecosystem specially in estuaries like the Bay of Bengal are much disturbed and threatened due to heavy pollution resulted from anthropogenic stress. We have already lost 50% of mangrove area of what existed a century ago. Such fast depletion of mangroves has already caused soil erosion and significant fall in rich fisheries resourses. A highly scrtinised study can be done in the Bay of Bengal that how toxic chemicals(pollutants)have changed the biodiversity at three levels : species, genetic and ecosystem diversity over the years. Because this diversity is the basics of sustenance of healthy aquatic life, source of subsistance of fisher folk and economic wealth of the country. This study would also identify biogenetic resourses of estuarine water, sourses of many bioactive subatances and may help in developing comparatively new cheaper drugs which is much important for patent(product and process). This unique diversity must be conserved on a sustainable basis - for which various parameters would be identified. Otherwise the Bay of Bengal in a very near future would be inevitably and irreversibly converted into a dead estuary supporting no life forms. This can neither be afforded nor compensated by a poor developing countries like India, Bangladesh. A combination of methodologies may be adopted - field trips, laboratory for chemical analysis, use of remote sense data,consulting old documents / papers. 

Experience in Monitoring the Coastal Regulation Zone (CRZ) of West Bengal, India 


Tuhin Ghosh, School of Oceanographic Studies Jadavpur University
Calcutta- 700032India

The Coastal Regulation Zone (CRZ) of West Bengal, India represents world's one of the largest deltaic mangrove ecosystem known as - "Sundarban delta'. In the present paper the status and changing behavior of this CRZ has been analysed using the false colour composites of SPOT and IRS-1B satellites of different time frames of 1989 and 1995 to determine the dynamics of land use / land cover types. The analysis is also showing the possible reasons for the changes in land use / land cover pattern which helps to formulate the measures and policies for the sustainable and optimum usage of the coastal resources of the entire region and its overall socio-economic development. This process of monitoring identified remarkable changes in the every land use / land cover parameter like agricultural land, mangrove, salt-pans, mud flat, sand dunes, forest land, etc. This study attests to the potential application of remote sensing for the preparation of a database for monitoring the changes in the land use / land cover pattern within a specific time frame. The ultimate objective of this is to build up a strategy for planning and development of the CRZ of West Bengal. 

Community Based Sustainable Mitigation Programme: A Viable Option for Bangladesh 


Prof. Quazi Quamruzzaman; Prof. Mahmuder Rahman;R.Das, OZaved Yousuf; Dr. M O K Wahedi;Dr. Mahiyeuddin; Shariful Islam Shohag;M. Sarker; Shibtosh Roy

Bangladesh is one of the poorest country in the world. After about 3 decades propaganda to introduce use of tube well water now more than 97% of our rural communities are using ground water wells. Many of these tube wells are now contaminated with deadly poison, arsenic. Country wide investigation of Dhaka Community Hospital (DCH) jointly with School of Environmental Studies (SOES) Jadavpur University, Calcutta, India shows more than 70% tube wells are contaminated by arsenic in about 80% of the country. 85 million people mostly in rural areas are at the risk of drinking this contaminated water. More than 7000 arsenic affected people were identified by house to house visit from 32 of the contaminated districts. DCH estimates presence of more than 2 million people suffering from arsenic related health problems in the country. Many of the people are dying from ulcers, gangrene, internal and external cancers and other systemic disorders. Researchers have forecasted death of one out of 10 from cancers will be due to arsenic in the southwestern Bangladesh after 10 to 15 years. Absence of any cure has farther complicated the issue. The situation now demands urgent safe water for the huge rural communities in Bangladesh. At present many agencies along with Government are trying to provide safe drinking water in the communities through different methods. Some are trying to use arsenic removal systems for the communities some are trying to introduce use of deeper aquifer water. DCH is implementing a program of affordable, community based and sustainable indigenous safe water supply in 3000 villages through out the country. DCH is involving communities in ownership and sharing responsibilities along with management of the option. DCH finds such options are much more viable for a country like us than any others. 

Dhaka Community Hospital; 190/1 Wireless Railgate,Baramogbazar
Dhaka-1217, Bangladesh.Email: dch@bangla.net 

Evaluation of Arsenic Removal from Water using the OSES Removal Process 
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Robert Stanforth and Ng Aik Teng, Chemical and Environmental Engineering Department National University of Singapore

Oil Sludge Ecological Solutions Pte, Ltd (OSES) has developed a method for removing arsenic from water. Contaminated water is passed through a reaction column which removes the arsenic. An evaluation of the treatment process was conducted to determine the ability of the columns to remove arsenate and to evaluate the influence of several parameters on the removal efficiency. The parameters tested included pH, ionic strength and flow rate. 1,000 mg/L arsenate solutions were passed through the tubes, and the effluent concentrations monitored to determine the arsenic removal. 

The process is capable of reducing arsenate concentrations in water significantly. Using two columns in series, arsenate concentrations were reduced from 1,000 mg/L to 0.9 ug/L. The removal is influenced by the initial arsenic concentration, by pH, by ionic strength and by flow rate. The arsenate removal capacity of the columns was higher and the effluent concentrations were lower at pH 7 than at pH 10. Removal was reduced in simulated sea water solutions. The treatment process has potential for use in removing arsenic from water. 

