Arsenic Reduction
Challenges in India
and Bangladesh
By Greg Gilles and Sherry Odom

M

illions of people in India
and neighboring Bangladesh are currently at
risk of consuming arsenic contaminated groundwater. Arsenic poisoning in these countries has become a
disease of epidemic proportion, with
some experts calling it the “largest
mass poisoning in history.”
The problem exists to a lesser degree in many other countries of the
world also forced to depend on contaminated water as a public water
supply source. Following an outbreak in the early 1970s, government health officials identified consumption of surface water as the cause
for an alarming number of choleraand dysentery-related illnesses. To
alleviate the problem, local villages,
the United Nations and the Indian
district government of West Bengal,
based in Calcutta, installed a large
number of tube wells to supply
groundwater for use in rural communities that, ideally, would be uncontaminated by humans and animals.

A problem with the solution
With the unfair advantage of hindsight, officials now realize many of the
tube wells throughout India and
Bangladesh retrieve drinking water
from geological strata containing high
levels of naturally occurring and extremely soluble arsenic. Testing performed by India’s Public Health Engineering Directorate (PHED), the World
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Health Organization (WHO) and different universities indicates water from
these tube wells contains arsenic in
dangerously high levels, with some
cases exceeding 2.0 milligrams per liter (mg/L) or 2,000 parts per billion
(ppb)—40 times higher than the current U.S. acceptable maximum contaminant level (MCL) of 0.05 mg/L or
50 ppb. Within West Bengal alone, it’s
estimated 16,000-to-20,000 tube wells
contain arsenic levels greater than 50
ppb. Over three million tube wells in
the subcontinent have arsenic levels
considered unsafe by WHO—which
lowered its recommended guideline to
less than 10 ppb (0.01 mg/L) from 50
ppb in 1993.
The health effects suffered by those
ingesting these high levels of arsenic
are frightening. Currently in West Bengal, more than 200,000 people suffer
from some degree of arsenic poisoning
or arsenocosis, with the majority of
symptoms appearing within five to 10
years.
Soluble in water, arsenic exists in
two primary forms: arsenite (As+3) and
arsenate (As+5). Arsenate, the most
common form, is quickly absorbed by
the human body and has acute lethal
effects at high doses. Long-term, high
level exposure will cause arsenocosis
symptoms that include thickening and
discoloration of the skin; lesions; stomach pain; nausea; vomiting; diarrhea;
loss of limbs or cancer of internal organs; and neurological disorders pre-

ceded by tingling and numbness in the
extremities, hearing impairment and
developmental effects. These symptoms usually begin to appear within
five to 10 years of consumption, with
fatality imminent after 15 to 20 years of
exposure. Compounding physiological impairments is the social isolation
experienced by those suffering from
the disease. Women showing visual
symptoms of the disease are often rejected or ostracized by their husbands
and cut-off from family—in effect segregated from the remainder of the community.
Few if any cost-effective technologies exist to address the magnitude of
this problem. Conventional methods
for removing arsenic from water—
which include membrane filtration,
ion exchange, iron/manganese removal processes, chemical precipitation, activated alumina and other technologies—often cannot meet the requirements mandated by the region’s
numerous remote locations and limited financial resources. As such, a
recognized need exists to develop an
affordable technology that could be
applied in remote areas, operate with
no electricity, require no chemical addition and be simple to operate and
maintain.

Removing the offender
In answer to the challenge, a new,
low-cost adsorbent technology has
been developed for purifying arsenicWater Conditioning & Purification
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Figure 4.
Process schematic of an integrated arsenic treatment unit.

liters of water per day with influent
levels of arsenic ranging from 50 ppb
to 1,200 ppb (1.2 mg/L) and iron up to
15 mg/L. The treatment unit is fed by
a conventional hand lift pump delivering 8-to-12 liters per minute of product water. The unit is also equipped
with a backwashing feature that can
be performed approximately every
two weeks by the local villagers to
remove entrained suspended solids.
Arsenic treatment in the United
States is also receiving considerable
attention. USEPA is preparing to
lower the MCL for arsenic below the
current drinking water standard of 50
ppb. Existing arsenic problems in
public and private water supplies are
identified in a number of U.S. geographic regions. The USEPA estimates over 2,000 public water systems and hundreds of thousands of
private wells may require additional
arsenic removal capabilities once

regulation is
finalized in
2001. Postponed since
December,
the new final
proposed arsenic rule is
to be released
this month.

Conclusion
As a result of extensive research
and development efforts over the past
three years, successful field demonstrations, and subsequent system improvements, this integrated adsorption system appears to be the best
available technology for removing arsenic in tube wells. Unique arsenic
treatment challenges in India and
Bangladesh demanded a custom solution that achieves high performance
in varying water quality, is affordable, simple to operate, easy to maintain and requires no electrical power
to operate.
Selected rural villages in West Bengal will soon be supplied with longawaited remedial technology to mitigate the arsenic crisis, one that will
provide high quality drinking water
for the consumer. The adsorbent technology is easily adaptable and transferable to other water applications

with arsenic concerns including municipal treatment plants, commercial
or centralized water treatment systems and home water filters. q
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FYI Arsenic
For additional information on arsenic in
drinking water, visit the following websites:
• World Health Organization—www.who.int/
water_sanitation_health/Water_quality/
arsenic.htm
• U.S. Environmental Protection Agency—
www.epa.gov/safewater/arsenic.html
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