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INTRODUCTION
Access to safe water is one of the key Millennium
Development Goals of  United Nation. It is an
important foundation for sustainable poverty
reduction. The natural occurrence of arsenic in
groundwater constitutes a setback in the provision
of safe drinking water to millions of citizens in
Asia . Since arsenic was first detected in
groundwater in the early 1990s in Bangladesh1

and West Bengal in India, following tightly on the
United Nations Water decade and major
investment in apparently safe groundwater
resources, it has now also been identified in
Cambodia, several provinces of China, Lao
People’s Democratic Republic, Myanmar, Nepal,
Pakistan, Vietnam, and in further states of India.
At least 60 million people live in arsenic-affected
areas and many drink arsenic-contaminated water
on a daily basis.
The present study focuses on the operational
responses that have been undertaken by country
governments, development agencies, nongov-
ernmental organizations, and academia to address
the arsenic issue. The outcome is encouraging on
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the one hand because much work has been
carried out in the past years and for more is now
known about arsenic and how to deal with it then
when it was first identified. At the same time,the
study highlights the significant gaps that still exist,
both in terms of geohydrological, hydrochemical,
and epidemiological knowledge and in terms of
technological, social, and institutional options to
address the issue.2

The scale of the arsenic threat
In South and East Asia, an estimated 60 million
people are at risk from high levels of naturally-
occurring arsenic in groundwater and current data
shows that at least 7,00,000 people in the region
have thus far been affected by arsenicosis.
However, the negative health effects of arsenic
ingestion in general and the specific impact of
ingestion of arsenic-contaminated groundwater
have both been widely studied there is still no clear
picture of the epidemiology of arsenic in South
and East Asia and uncertainty surrounds such
issues as the spatial distribution of contamination;
the symptoms and health effects of arsenic-related
diseases and the timeframe over which they
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develop and the impact of arsenic compared to
other waterborne diseases whose effects may be
more immediate.3
The key recommendations of the study therefore
are to take a more strategic approach to arsenic
in South and East Asian countries at project, national,
and global levels. This includes the targeted
integration of arsenic as a risk factor in water supply
and irrigation investments undertaken in the region,
rather than treating it as a special issue to be dealt
with by special authorities or agencies. This will
involve the active institutional integration of water
supply with water (especially groundwater)
management concerns, the sequencing of concrete
actions when arsenic is detected in a certain area,
overcoming the political economy constraints that
may impede awareness raising and mitigation
activities, a strategic research agenda that will
provide urgently needed answers to such issues as
the dose-response relationships for arsenic (that is,
how many people in exposed areas can actually be
expected to become ill at what levels of arsenic
concentration), study of arsenic in the food chain,
and geohydrological and hydrochemical research.4

AIMS   AND   OBJECTIVES
The objectives of this study are (a) to take stock
of current knowledge regarding the arsenic issue;
and (b) to provide options for specific and balanced
operational responses to the occurrence of arsenic
in excess of permissible drinking water limits in
groundwater in asian countries, while taking into
account the work that has already been carried
out by many different stakeholders.
                     DISSCUSSION
The detrimental health effects of environmental
exposure to arsenic have become increasingly clear
in the last few years. High concentrations detected
in groundwater from a number of aquifers across
the world including South and East Asia have been
found responsible for health problems ranging from
skin disorders to cardiovascular disease and
cancer.5

The problem has increased greatly in recent years
with the growing use of tube wells to tap
groundwater for water supply and irrigation. The
water delivered by these tube wells has been found
in many cases to be contaminated with higher than
recommended levels of arsenic. In the study

region, countries affected include Bangladesh (the
worst affected), India, Myanmar, Nepal, and
Pakistan (South Asia); and Cambodia, China
(including Taiwan), Lao People’s Democratic
Republic, and Vietnam (East Asia).6

This study concentrates on operational responses
to arsenic contamination that may be of practical
use to actors who invest in water infrastructure
in the affected countries, including governments,
donors, development banks, and Non Govern-
mental Organizations (NGOs).
Distribution of Arsenic contamination
The concentration of arsenic in natural waters,
including groundwater, is usually below the WHO1

guideline value of 10 g L–1. However, arsenic
mobilization is favored under some specific
hydrogeochemical conditions, especially highly
reducing (anaerobic) conditions, which can bring
about the dissolution of iron oxides and the
associated desorption of arsenic. In South and East
Asia such conditions tend to occur in the shallower
parts of quaternary aquifers underlying the region’s
large alluvial and deltaic plains (Bengal basin,
Irrawaddy delta, Mekong valley, Red river delta,
Indus plain, Yellow river plain). (Some localized
groundwater arsenic problems relate to ore
mineralization and mining activity, which are not
the focus of this study). Recent hydrogeochemical
investigations have improved our knowledge of the
occurrence and distribution of arsenic in
groundwater, although some uncertainty remains
regarding the source, mobilization, and transport
of the element in aquifers.7,8

One of the important findings of recent detailed
aquifer surveys has been the large degree of spatial
variability in arsenic concentrations, both with depth
and even laterally at the same depth over distances
of a few hundred meters. Temporal variability also
occurs, though insufficient monitoring has been
carried out to establish a clear picture of variations
in arsenic levels over different timescales.
In South Asia, naturally occurring arsenic in
groundwater was initially identified in West
Bengal, India, and in Bangladesh in the early 1980s
and 1990s respectively. Since then governments,
donors, international organizations, NGOs, and
research institutions have increased testing of
groundwater sources. As a result, naturally
occurring arsenic has now been identified in the
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groundwater of the countries in South and East
Asia that are the subject of this study.
Fig. 1 shows the locations of high-arsenic
groundwater provinces in the countries of South
and East Asia. There may be other quaternary
aquifers with high groundwater arsenic
concentrations that have not yet been identified,
but since awareness of the arsenic problem has
grown substantially over the last few years, these
are likely to be on a smaller scale than those
already identified.
Many of the health consequences resulting from
contaminated groundwater have emerged in
relatively recent years as a result of the increased
use of groundwater from tube wells for drinking

and irrigation. In terms of numbers of groundwater
sources affected and populations at risk problems
are greatest in Bangladesh, but have also been
identified in India (West Bengal, and more recently
Assam, Arunachal Pradesh, Bihar, Manipur,
Meghalaya, Nagaland, Tripura and Uttar Pradesh),
China, including Taiwan, Vietnam, Thailand,
Cambodia, Myanmar, and Nepal. Occasional high-
arsenic groundwaters have also been found in
Pakistan, although the occurrences there appear
to be less widespread.6

Hence, much of the distribution is linked to the
occurrence of young (Quaternary) sediments in
the region’s large alluvial and deltaic plains (Bengal
basin, Irrawaddy delta, Mekong valley, Red river

Fig. 1: High arsenic groundwater regions
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delta, Indus plain, Yellow river plain). Although
groundwater arsenic problems have been detected
in some middle sections of the Indus and Mekong
valleys, such problems have apparently not
emerged in the lower reaches (deltaic areas).
Whether this represents lack of testing or whether
arsenic problems do not occur there is as yet
uncertain. However, the young Quaternary
aquifers most susceptible to developing
groundwater arsenic problems appear to be less
used in these areas as a result of poor well yields
or high groundwater salinity. Other Quaternary
sedimentary aquifers in Asia have not been
investigated and so their arsenic status is unknown.
Some localized groundwater arsenic problems in
South and East Asia relate to ore mineralization
and mining activity9,10 (for example in peninsular
Thailand and Madhya Pradesh, India).
Arsenic mitigation measures
Arsenic mitigation requires a sequence of practical
steps involving enquiry and associated action.
Assessing the scale of the problem (now and over
time) involves field testing, laboratory testing, and
monitoring; identifying appropriate mitigation
strategies involves technological, economic, and
sociocultural analysis of possible responses and
implementation involves awareness raising and
direct action by governments, donors, NGOs and
other stakeholders at local, national, and regional
levels. Sustainability in the long run remains a
major challenge.5
The two main technological options for arsenic
mitigation are to (a) switch to alternative, arsenic-
free water sources; or (b) remove arsenic from
the groundwater source. Alternatives in the first
category include development of arsenic-free
aquifers, use of surface water and rainwater
harvesting; alternatives in the second category
involves household-level or community-level
arsenic removal technologies. For each option
there will be a wide range of design specifications
and associated costs.5
Despite continuing uncertainty regarding arsenic
occurrence and epidemiology, the lethal nature and
now well-established effects of arsenic exposure
in South and East Asia make it necessary that
informed choices and trade-off decisions are made
to address arsenic contamination of drinking water
sources and the scope and extent of mitigation

measures, within the context of the development
of the water sector and the wider economy.4

Accordingly, a simple cost-benefit methodology
has been developed that takes into account data
limitations and provides decision makers with an
approach for rapid assessment of the socioe-
conomic desirability of different mitigation policies
under various scenarios. In particular, the
methodology permits an analysis of options in
order to choose between different approaches in
dealing with (a) the risk that arsenic might be
found in an area where a project is planned; and
(b) the risk mitigation options where a project’s
goal is arsenic mitigation per se.2
Demand-side perspectives are an important
consideration for designing arsenic mitigation
measures that meet the requirements of
households and communities. For example, are
users willing to pay for an alternative such as piped
water? Demand preferences can be assessed
through contingent valuation or willingness to pay
studies and can provide important guidance to
decision makers. There is a need to strengthen
institutional capacities in the countries to carry
out such assessments.
Technology options
The two main technological options are (a) to
switch to alternative, arsenic-free water sources;
or (b) to remove arsenic from the groundwater
source. Table 1 illustrates that there is a range
of technological options that can be used to
mitigate arsenic exposure. They vary in terms of
cost (total and per capita), need for operation and
maintenance, and expected sustainability. The cost
figures provided in the table have been collected
from those countries where these options are
implemented (mainly from Bangladesh) in order
to provide an approximate idea of costs, but they
will vary between countries. The financial and
sociocultural sustainability of any options chosen
will depend on the same factors as other typical
water supply interventions, again highlighting that
arsenic mitigation needs to be integrated in the
sector.3

CONCLUSION
The present study has shown that naturally
occurring arsenic in groundwater is more
widespread in South and East Asian countries than
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is generally recognized.With continuous testing,
more contaminated groundwater aquifers are
bound to be identified, if not at the same scale as
previously. At least 60 million people are currently
estimated to live in arsenic risk-prone areas. This,
along with projected population growth in the
region, continuing private investments in shallow
tube wells, and consideration of the MDGs related
to safe water supply, will have considerable impact
on government and development community
engagement in water supply and possibly also in
irrigation.
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Water supply options for arsenic mitigation
a. Rainwater harvesting
b. Deep hand tube well
c. Pond sand filter
d. Dug/ring well
e. Conventional treatment
Arsenic treatment (households)
based on :
a. Coagulation-filtration
b. Iron coated
c. sand/brick
d. Dust
e. Iron fillings
f. Synthetic media/

activated alumina
Arsenic treatment (community)
based on:
a. Coagulation-filtration
b. Granulated ferric
c. hydroxide/oxide
d. Activated alumina
e. Ion exchange
f. Reverse osmosis
g. As-Fe removal (air

oxidation-filtration)

Table 1 : Technological options for mitigating
arsenic exposure


