Wi Sietaint
Arsenic Reduction\ ®
Challengesin INndia

and Banglades

illions of people in India
and neighboring Ban-
gladesh are currently at

risk of consuming arsenic contami-
nated groundwater. Arsenic poison-
ing in these countries has become a
disease of epidemic proportion, with
some experts calling it the “largest
mass poisoning in history.”

The problemexiststoalesser de-
gree in many other countries of the
world also forced to depend on con-
taminated water as a public water
supply source. Following an out-
break in the early 1970s, govern-
ment health officials identified con-
sumption of surface water asthe cause
for an alarming number of cholera-
and 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 commu-
nities that, ideally, would be uncon-
taminated by humans and animals.

A problem with the solution
Withthe unfairadvantage ofhind-
sight, officials now realize many of the
tube wells throughout India and
Bangladesh retrieve drinking water
from geological stratacontaining high
levels of naturally occurring and ex-
tremely soluble arsenic. Testing per-
formed by India’s Public Health Engi-
neering Directorate (PHED), the World
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Health Organization (WHO) and dif-
ferentuniversitiesindicateswaterfrom
these tube wells contains arsenic in
dangerously high levels, with some
cases exceeding 2.0 milligrams per li-
ter (mg/L) or 2,000 parts per billion
(ppb)—40 times higher than the cur-
rent U.S. acceptable maximum con-
taminantlevel (MCL)of0.05mg/L or
50 ppb. Within WestBengal 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 itsrecommended guidelineto
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
arefrightening. Currently in WestBen-
gal, more than 200,000 people suffer
fromsome degree of arsenic poisoning
or arsenocosis, with the majority of
symptomsappearing within fiveto 10
years.

Soluble in water, arsenic exists in
two primary forms: arsenite (As*®)and
arsenate (As*®). Arsenate, the most
common form, is quickly absorbed by
the human body and has acute lethal
effectsathigh doses. Long-term, high
level exposure will cause arsenocosis
symptomsthatincludethickeningand
discoloration of the skin; lesions; stom-
ach pain; nausea; vomiting; diarrhea;
loss of limbs or cancer of internal or-
gans; and neurological disorders pre-
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ceded by tinglingand numbnessinthe
extremities, hearing impairment and
developmental effects. These symp-
toms usually begin to appear within
five to 10 years of consumption, with
fatalityimminentafter 15to 20 years of
exposure. Compounding physiologi-
cal impairments is the social isolation
experienced by those suffering from
the disease. Women showing visual
symptoms of the disease are often re-
jected or ostracized by their husbands
and cut-offfrom family—in effect seg-
regated from the remainder of the com-
munity.

Few ifany cost-effective technolo-
giesexisttoaddress the magnitude of
this problem. Conventional methods
for removing arsenic from water—
which include membrane filtration,
ion exchange, iron/manganese re-
moval processes, chemical precipita-
tion, activated aluminaand other tech-
nologies—often cannot meet the re-
guirements mandated by theregion’s
numerous remote locations and lim-
ited financial resources. As such, a
recognized need exists to develop an
affordable technology that could be
applied in remote areas, operate with
noelectricity, require nochemical ad-
dition and be simple to operate and
maintain.

Removing the offender
Inanswer to the challenge, anew,

low-cost adsorbent technology has

been developed for purifying arsenic-
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contaminated
groundwater !
that can assist the adsorbent for:}trsemc
government of
India in remov-
ing this slow but
steady poison
from its midst.
The selective ar-
senic adsorbent
is incorporated
into an inte-
grated treatment system designed to
meet the needs of the region and is
easily adaptable to rural settings. The
systemiseffectiveatremovingarsenic
overawide range of water quality and
is extremely cost-effective—with on-
goingoperational costsaveraging less
than four cents per family per day.
Akey componenttothe systemis
an inorganic granular metal oxide-
based media that can selectively re-
move As*® and As*® from water. It’s
manufactured employing a unique
binder technology, which greatly en-
hances its surface properties and cre-
atesacomposite particle withaunique
surface, pore properties and chemical
characteristics that enable arsenic ad-
sorption capacities up to five times
greater than conventional materials.
Figure 1showsthe chemical structure
ofanalumina-based oxide composite,
and Figure 2 compares its adsorption
capacity with other adsorbent media.
The selec-
tive capabilities
ofthemediaper-
mit high ad-

Figure 1.

Figure 2.

Mixed metal oxide composite

Arsenic removal media capacity compared
to conventional adsorbents.

nology for purifying
contaminated ground-
water, two major field
demonstrations were
completed in India.

In early 1998, a
gravity-fed, field proto-
type unitwasdeployed
in West Bengal utiliz-
ing the above-men-
tioned granular com-
posite adsorption me-
dia. The unitoperated successfully for
three months, treating an estimated
60,000 liters of water (about 700 liters
per day) at the rate of eight liters per

Figure 3.

Calcutta, withanenhanced new modu-
lar system designed to address high
concentrations of co-existingironand
arsenic. The system successfully
treated approximately 1,300 liters per
day with influent arsenic concentra-
tions as high as 900 ppb (0.9 mg/L)
and iron concentrations as high as
10,000 ppb (10 mg/L). Effluent water
levels after purification through the
adsorption system were consistently
belowthe recognized PHED treatment
goal of 50 ppb, equating to 95 percent
removal efficiency. Iron was also re-
moved consistently by more than 96
percent to less than 50 ppb.

Arsenic removal kinetics graph from India field demonstration.

Approx. 60,000 liters treated, 2 gpm (Tubewell Treatment Unit)
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minute. Arsenic levelsof up to400 ppb
(0.4mg/L)weresuccessfully removed
tobelow 10 ppb
during this
demonstration,
which is illus-

sorptioncapaci-  Material As Uptake  trated in Figure
ties even in the  Activated Alumina (mg/g) 3.Whiletesting,
presenceofcom-  Activated Carbon <2 field personnel
peting ions,  Specialty as Adsorbent 6.8 discovered wide
which signifi- Iron based Adsorbent Media 27.5 variations in
cantly extends  Arsenic Selective Adsorption Media ~ 44.0 groundwater

the media life
and reduces op-
erating costs. Adsorption kinetics are
also very rapid, allowing efficient re-
moval of arsenic, often to levels below
laboratory analytical detection limits.

Field demonstrations
To prove the efficacy of the tech-
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Test Parameters: 50ppm As (V) @ pH 7, 24 hrs.

chemistryinthe
region and the
need to address tube well water con-
taining high concentrations of both
dissolved iron and arsenic. Iron con-
centrations were observed at over
25,000 ppb (25 mg/L) in some wells.

Asecondfieldtestwasconducted
in August 1999 at a new location near

A global solution

Incorporating lessons learned,
performance data, field operating ex-
perienceand feedback fromthe PHED,
the modulartreatment systeminclud-
ing the media composition and hous-
ing designwere further optimized for
use in India. A schematic of the final
systemisshowninFigure4. Delighted
with its cost effectiveness as well as
the operational simplicity of the unit,
the Indian government requested a
turnkey proposal in February of this
year for installation, operation and
ongoing maintenance of an initial or-
der of several thousand arsenic treat-
ment units in West Bengal. The pro-
posed system, which will operate for
sixmonths before requiringachange
in media, is designed to treat 1,000
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liters of water per day with influent
levelsof arsenic ranging from 50 ppb
t01,200ppb (1.2mg/L)andironupto
15mg/L. Thetreatmentunitisfed by
aconventional hand lift pump deliv-
ering 8-to-12 liters per minute of prod-
uct 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
currentdrinking water standard of 50
ppb. Existing arsenic problems in
publicand private water suppliesare
identified in a number of U.S. geo-
graphic regions. The USEPA esti-
mates over 2,000 public water sys-
tems and hundreds of thousands of
private wells may require additional
arsenic removal capabilities once

Conclusion

As aresult of extensive research
and developmentefforts over the past
three years, successful field demon-
strations, and subsequentsystemim-
provements, this integrated adsorp-
tion system appears to be the best
available technology forremovingar-
senic in tube wells. Unique arsenic
treatment challenges in India and
Bangladesh demanded a custom so-
lutionthatachieves high performance
in varying water quality, is afford-
able, simpleto operate, easy to main-
tain and requires no electrical power
tooperate.

Selected rural villagesin WestBen-
gal will soon be supplied with long-
awaited remedial technology to miti-
gate the arsenic crisis, one that will
provide high quality drinking water
for the consumer. The adsorbenttech-
nology is easily adaptable and trans-
ferable to other water applications

with arsenic concernsincluding mu-
nicipal treatment plants, commercial
or centralized water treatment sys-
tems 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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