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1. SUMMARY

A Regional Consultation on Arsenic in Drinking Water and Resulting Arsenic
Toxicity in Bangladesh and India took place in South-East Asia Regional
Office (SEARQ) from 29 April = 1 May 1997. The consultation, involving
senior decision-makers and national health and water supply authorities of
Bangladesh and India was a part of Advocacy for Health, an intercountry
programme organized by WHO/SEARO. It was attended by 62 participants
representing senior government officials; scientists of research institutes, and
professionals involved in dealing with issues arising out of the arsenic
poisoning of drinking water in Bangladesh and india, as well as by
representatives from the United Nations (UN) and other donor agencies,
WHQ provided the Secretariat for the meeting. The list of participants is
included as Annex 1 to this repon.

2. OBJECTIVES OF THE CONSULTATION

The objectives of the consultation were to:

(1) Exchange experiences/findings relating to the problem of arsenic
poisoning on both sides of the border between Bangladesh and India;

(2) Discuss the extent and nature of the problem, identify issues and
solutions to the problem, and

(3) Develop recommendations for a framework of actions.

3. INAUGURATION

At the outset of the inauguration, the participants maintained one-minute
silence and paid respect to Dr A.K. Saha, who had passed away on 28 April
1997. Dr S8aha was a renowned environmental geologist of India involved
closely with the investigation of the arsenic problem in West Bengal. He
refired as Head of the Department, Geology, Presidency College, Calcutta
(India), and dedicated his retired life for the promation of environmental
geology through *“Man and Environment’” - an NGO institution in
environmental health,

Dr Samlee Plianbangchang, Acting Regional Director, on behalf of Dr
Uton Muchtar Rafei, Regional Director, SEARO, welcomed the participants
and inaugurated the consultation. Dr Samlee also presented the inaugural
address of the WHO Regional Director (Annex 2).
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Following the inauguration, Mr John Pospisilik, Regional Adviser,
Environmental Health, WHO/SEAROQ, introduced the participants. Dr Samlee
then nominated Dr Guy Alaerts, Water Resources Specialist, World Bank,
Washington, as the Chairman and Mr M.M. Datta, Short-term Professional
(STP), Environmental Health Promotion Division, WHO/SEARO, as the
Rapporteur for both the meetings.

4. FIRST PLENARY SESSION

Following the inauguration, Mr J.C. Pospisilik outlined the objectives and
methodology of the consultation and drew attention of the participants to the
background documents provided. Dr Guy Alaerts of the World Bank chaired
the first-day plenary session during which four technical papers were
presented, supplemented by two case-study preseniations.

Dr Allan H. Smith, WHO Consultant, presented a global overview of
large-scale episodes of human exposure to arsenic from drinking water. He
highlighted the fact that inorganic arsenic is actually present in all drinking
water sources, but usually at such low levels that it's ill-effect on health has
not been detected. He mentioned that major population exposures had
occurred which had been studied in detail in three countries: Argentina, Chile
and Taiwan. Large-scale population exposures had also occurred in several
other countries but had not been studied to the same extent. These included
China, Mongolia and Thailand. Population exposurés on a smaller scale were
reported in Mexico, Japan, Hungary and the United States, and some of
these had been studied in considerable detail. While highlighting the major
health risks he concluded by stating that arsenic in drinking water has long-
term health implications.

The most widespread of such implications, after 5-15 years of exposure,
is skin lesions, in particular keratoses on the palms of hands and on soles of
feet. The other implications are: peripheral vascular disease; diabetes, and
neurologic disorders, though these are not as widespread as the skin lesions.
Chronic respiratory disease and liver disease have also been reported,
particularly in studies conducted in India by Dr Guha Majumdar. Dr Smith
also mentioned that in the long term, with a latency usually over 20 years,
major increases in mertality may occur, in particular due to cancer of the
lungs and of the bladder. |

He was of the view that the treatment of water supplies for removing
arsenic is difficult and expensive. The temporary, local solutions, including
the treating of water for individual houses, have not been applied widely. In
Chile, some individual units tried solar distillation in small quantities.
However, it was found that such units required careful use and maintenance.
Water treatment plants were also installed in the absence of alternative water
sources, but these were costly to run and maintain. In Argentina, at various
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places, alternative surface water sources were tried. From these
experiences, it is apparent that each area has to develop its own solutions,
based on local characteristics.

While clarifying the questions/comments from the participants, Dr Smith
highlighted that, in Chile, the data on mortality due to arsenic poisching, as
recorded from 1955 to 1995, revealed the appearance of skin cancer
followed by bladder cancer. He also clarified that there was no evidence of
indoor air pollution and/or occupational exposure being associated with the
high incidence of lung cancer reported by a study in Taiwan. Regarding the
liver problem and lung disease in Chile, only limited information is available.

While clarifying the clinical manifestations of arsenic poisoning, he
mentioned about the three-stage manifestations: (i) Initial, i.e. the First Stage:
manifestation of keratosis, gastroenteritis; (i) Second Stage: hyper keratosis,
hepato keratosis, and (iii) Last Stage — skin cancer, bladder cancer. He also
clarified the following short-term and long-term solutions:

Short-term Solutions Long-term Solutions
(1)  First and second stage: early (1)  Source detection.
diagnosis.
(2) Case management. (2) Remedial measures.
(3) Field-testing of drinking water (3) Permanent source of arsenic-
source using field kit. free water.
(4) Use of surface water by boiling | (4) Surveillance and monttoring of
or treated safe water, detected cases in affected
areas and in areas reported to
be at risk.
(5) Health education regarding (5) Strengthening of information,
high-calorie diet with education and communication
appropriate |EC support. (IEC) support.

Dr Smith also mentioned that lung cancer had been reported in some
studies due to the high inhalation of arsenic arising out of the burning of coal
containing arsenic.

Prof Abdul Wadud Khan, Head and Professor, Department of
Occupational and Environmental Health, National Institute of Preventive and
Social Medicine (NIPSOM), Dhaka, Bangladesh, presented a paper on
“Health Effects of Arsenic Toxicity”. He elaborated on ‘acute’ and ‘chronic’
arsenic toxicity. He stated that acute toxicity occurs only from the ingestion of
arsenic compounds. The symptoms of acute toxicity include: severe vomiting
and diarrhoea: muscular cramps; facial oedema, and cardiac abnormalities.
Chronic toxicity occurs from long-term exposure resulting in ingestion and
inhalation, etc. and can affect the skin, respiratory tract, heart, liver, kidneys,
blood and the nervous system. Arsenic is excreted mostly through urine but
also through stools.
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He mentioned that in Bangladesh the arsenic contamination in
groundwater was first detected in 1993 in Baroghoria Union of Nawabgang
district by the Department of Public Health Engineering (DPHE). in 1994, a
committee for reviewing the situation of arsenic in ground water in
Bangladesh (recently re-named as the Arsenic Technical Committee), with
11 members was formed. The Arsenic Technical Committee started its
activities with the formation of a core committee consisting of members from
the Department of Occupational and Environmental Health, NIPSOM. The
Arsenic Technical Committee identified three areas for action:

(1) Case detection;

(2) Water analysis for detection of contamination and provision of safe
drinking water in affected areas, and

(3) Detection of sources of arsenic contamination in groundwater.

Prof Khan aiso mentioned that according to an estimate about 16 million
people in 23 districts were at risk of arsenic toxicity in Bangladesh as on
February 1997. He reported that in 1996, 900 cases of arsenic poisoning
were detected. He also made a reference that the clinical manifestations of
chronic arsenic toxicity in Bangladesh were categorized into three stages,
namely (a) Initial Stage — melanosis (diffused spots on the skin), rain-drop
pigmentation (leucomelanosis); (b) Second Stage — keratosis (diffused spots
on the skin), hyper keratosis, with or without apaemia, conjunctivitis,
bronchitis, gastroenteritis and peripheral neuropathy, and (c) Last Stage —
diffused keratosis, oedema of legs, nephropathy, hepatopathy and skin
cancer.

He indicated that in order to mitigate the prevailing arsenic problems in
Bangladesh a two-stage strategy of short-term and long-term measures,
along with early case diagnosis and case management and prevention of
further exposure, is being followed.

After the presentation, Prof Khan clarified that though cases of arsenic
poisoning in children had been detected, the data regarding the percentage
of affected children were not readily available. The need for systematic
epidemiological studies on the substantial use of arsenic-contaminated
underground water for drinking purposes and on the excessive use of
pesticides as also highlighted by him while answering questions from the
participants.

Dr 8.P. Sinha Ray, Regional Director, Central Groundwater Board (East
Zone), India, while commenting on the aquifer recharge for reducing arsenic
in groundwater, mentioned that it was possible to reduce the arsenic
concentration by artificial recharge. Mr S.N. Mukherjee, Chief Engineer
(Eastern Zone), Public Health Engineering Directorate, Government of West
Bengal, endorsed Dr Sinha Ray’s view and stressed that the precipitation and
artificial recharge of the aquifer resulted in reduced concentration of arsenic
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in groundwater. He, however, observed that in the wet season the
concentration of arsenic in groundwater is three times that in the dry season.

In summing up the morning’s presentations, Dr Alaerts, Chairman,
mentioned that the issues emerging from the plenary session and which need
to be addressed are:

(1) The need to define the “affected population” and the “population at
risk” due to arsenic contamination in groundwater;

(2) The need to share information regarding arsenic contamination of
groundwater — effect of seasons and recharge, etc., and

(3) Strengthening of the database on the concentration of organic and
inorganic arsenic in groundwater and soils, and its effect on human
health, with particular reference to arsenic toxicity.

The afternoon plenary session of the first day started with the
presentation of a geological overview of arsenic in groundwater by Mr B.K.
Acharyya, Director-General, Geological Survey of India. He stated that the
arsenic-affected areas in West Bengal, India, and Bangladesh are confined
entirely to the part of the Ganga delta, east of the Rajmahal hills, mainly
between the Bhagirathi-Hugli and Ganga-Padma river channels. The area is
covered with the meandering channel deposits brought in by the recent
floods.

Dr Acharyya elaborated that the delta plain sediments contain aquifers
with a high content of arsenic. He also indicated that there are many gaps in
information. He mentioned that, generally speaking, the arsenic-affected
groundwaters are slightly alkaline (pH upto 8.4), contain a relatively high
concentration of iron (upto 14 ppm); calcium (40 ppm); magnesium (7 to 61
ppm), and bicarbonates (240 fo 775 ppmy), and have a relatively low
concentraticn of chloride (10 to 115 ppm); sulphates (trace), and fluoride
(trace). He also reported that in the Katlamari-Domkul area of Murshidabad
district, West Bengal, India, the arsenic-affected aquifers contain 1 to 6 ppm
of phosphates. He further indicated that arsenic shows a significant (though
low), positive statistical correlation with iron and a moderately high correlation
with chloride. However, the data available is insufficient to establish any
statistical correlation between the concentrations of arsenic and phosphate.

Dr Acharyya mentioned that the ‘toba ash’ found in many basins in the
Indtan subcontinent — the broad zone comprising the Sijva Equivalent,
Bethuadahri and Katwa Formations in the Ganga Delta — appear to be
potentially arseniferous. He observed that the arsenic-bearing groundwaters
had high concentrations of iron and calcium. He reported that the toxic
aquifer level is generally lower than the peat layers recognized at Debagram
and around Calcutta. He also mentioned that the leaching of absorbed
arsenic from clay minerals creates arsenic problems in groundwater. in short,
although a tentative hypothesis regarding the possible source and level of
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arsenic has been formulated, the actual mechanism by which this arsenic is
remobilized and is subsequently transferred to the groundwater is yet to be
understood.

In his concluding remarks, Dr Acharyya stressed that any policy shift to
the use of surface waters in place of groundwaters should not be on an ad-
hoc basis but should rather be based on a scientific decision. It should also
be areafsituation-specific, and based on the results of a multidisciplinary
research on the genesis of arsenic contamination of groundwaters.

During the question-answer session following the presentation, Dr
Acharyya mentioned that keeping in view the likely arsenic-bearing middle-
level aquifer in peninsular area and steep rise of arsenic problem in alluvial
sediment envisaged due to the heavy pumping of groundwaters for irrigation
and agricultural purposes, a need had been felt to strengthen the database
on arsenic contamination of groundwaters, pin-point the layers having arsenic
and their environmental consequences. The need for a collaborative study on
arsenic contamination of groundwaters between Bangladesh and India was
also highlighted. He also clarified that in the hard rack areas no correlation
between the arsenic and fluoride presence had been cbserved. However, in
the alluvial areas of West Bengal, such a correlation had been reported by
him. Further, in order to have clear-cut data on the presence of arsenic and
other chemical contaminants in groundwaters, systematic studies were
suggested,

Dr Dipankar Chakrabarti, Director, School of Environmental Studies,
Jadavpur University, Calcutta (India) while taking part during ‘discussions
presented a case study on arsenic contamination based on surveys carried
out by him in West Bengal (India). He mentioned that about 4.5 miliion
people in West Bengal spread over 61 blocks in eight districts are exposed to
arsenic contamination of groundwaters. Dr Chakraborti mentioned that the
analyses of 32 tubewell water samples revealed that in about 15% (5 out of
32) of the samples the arsenic concentration ranged between 0.70 to 1.00
mg/l: in 30% (9 out of 32) it ranged between 0.50 to 0.70 mg/l, and in 34%
(11 out of 32) between 0.10 to 0.30 mg/l, as against the maximum
permissible limit of 0.05 mg/! per arsenic in drinking water laid down by the
national drinking water standards. He also elaborated that the contamination
of groundwaters by arsenic was detected in parts of West Bengal in the
region of alluvia! soil formations along the bank of the river Bhagirathi.

Dr Chakraborti also reported the detection of arsenic in hair, nails and
urine in the affected populations of Fakirpara village of Kolsu (Gram
Panchayat) in Deganga block of the 24-Parganas (North) district in West
Bengal. He mentioned that 62 cases showed a 4.44 mg/kg mean
concentration of arsenic in hair while in 40 cases residual symptoms were
detected where the mean concentration of arsenic in hair was observed to be
as high as 13.18 mg/kg as against the normal range of 0.08 — 0.25 mg/kg for
arsenic and | mg/kg for the toxic arsenic level. The study of arsenic content in




Arsenic in Drinking Water and Resufting Arsenic Toxicity in India and Bangladesh

nails revealed a concentration of 11.78 mg/kg in 58 cases, and 13.18 mg/kg
in 40 cases with arsenic symptoms, as against the normal range of 0.43 —
.08 mg/kg. While elaborating on the status of arsenic matabolites in urine, he
mentioned that against the normal range of 540 microgram per 1.5 litres
urine excretion per day, 64 cases showed a mean value of 1020
microgram/L.5 litres urine excretion per day while in 43 cases with arsenic
symptoms the mean value observed was 1038.47 microgram/L5 litres urine
excretion per day.

Mr Saumyendra Nath Mukherjee, Chief Engineer, Public Health
Engineering Directorate, Government of West Bengal, India, presented an
interesting technical paper on “Arsenic Management in Drinking Water". He
described the complex chemistry; many different compounds of both
inorganic and organic arsenic; its nature and distribution in minerals;
presence of arsenic in the form of arsenate or arsenite in water; acceptable
limits of arsenic in water in India and other countries, and the chemistry of
arsenic in waters. He highlighted the fact that arsenate is soluble in water
and that the pH value and redox potential are inversely proportional, Water
having high pH value and low redox potential, shows high arsenic
concentration.

While elaborating on the technologicai options for arsenic-free water, Mr
Mukherjee mentioned that the decision of supplying arsenic-free water to the
affected population should be guided by the basic fact of whether the arsenic
in drinking water is found to be of anthropogenic origin or of geologic origin.
Controlling the anthropogenic sources of pollution and providing alternative
safe water source can solve the problem as in the case of many countries
around the globe. However, the problem gets magnified if the source of
arsenic pollution in drinking water is of geologic origin. In such cases, the
technology options can broadly be classified as under;

(1} Provision of alternative arsenic-free drinking water source:

— Replacement of the arsenic-affected water —]
source

— LHilization of the traditional surface water Short-term Measures
SOUrces

— Construction of rain water-harvesting ponds

— Use of handpump-attached arsenic removal
filters -

(2) Provision of piped water supply:
— Deep tubewell-tapping Arsenic-free aquifer

— Deep tubewell with community arsenic- Long-term Measures
removal plants

— Surface water and conventional water
treatment plants
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