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Arsenic in drinking water is the single most important environmental issue facing Bangladesh

DOI: 10.1039/x0xx00000x between 35 and 77 million of it§56 million inhabitants are considered to be at risk from
drinking As-contaminated water. This dominates tl& of stress factors affecting health,
livelihoods and the ecosystem of the Delta region. There is a vast literature on the subject so
this review provides a filter of the more important information available on the topic. The
arsenic problem arises fro the move in the 1980s and 1990s by international agencies to
construct tube wells as a source of water free of pathogens, groundwater usually considered a
safe source. Since arsenic was not measured during routine chemical analysis and also is
difficult to measure at low concentrations it was not until the late1990s that the widespread
natural anomaly of high arsenic was discovered and confirmed. The problem was exacerbated
by the fact that the medical evidence of arsenicosis only apparly. The prolbem arises in

delta regions because of the young age of the sediments deposited by the GBM river system.
The sediments contain minerals such as bioti
the sediments become compacted, and which, under the ngedumnditions of the
groundwater, release in the form of toxic *AsThe problem is restricted to sediments of
Holocere age and groundwater of a certain depth (mainly180m), coinciding with the
optimum well depth. The problem is most serious in a betbss southern Bangladesh, but
within 50m of the coast the problem is only mirimcause of use of deep groundwatalinity

in shallow groundwatethere is the main issue for drinking watéfFhe Government of
Bangladesh adopted a National Arsenic Poliayd aMitigation Action Plan in 2004 for
providing arsenic safe water to all the exposed population, to prougttical @re for those

who have visible symptoms of arsenicosis. Therassyetno national monitoringporogram in

place Various mitigation straties have been tested, but generally the numerous small scale
technological remedies have proved unworkable at village level. The clgtatdgtics show
thatuse of deep groundwater (below 150imthe main source of arsenic mitigation over most

of the asenic affected areass well as rainwater harvestitig certain location

www.rsc.org/

Introduction del tasd aims to provide policy
Arsenic contamination in drinking water remains the singl@ols to enable them tovaluate the effects of policy decisions
most important environmental issue facing Bangladesh and @ people’s livelihoods. This is being undertaken by a
Delta region and even at the global scalebphly the most Multidisciplinary and multnational team of policy analysts,
serious in terms of the numbers of people affected (upwards &Pcial and natural scientists and engineers. Collectively they
30M). It has been cited variously as a disdsterd as mass will use a participatory approach ¢toeate a holistic approach to
poisoning®. This review focuses on the arsenic issue withifprmally evaluating ecosystem services and poverty in the
Bangladesh and places the problem within a global esontcontext of the wide range of changes that are occurring. These
especially of areas with similar geology (ldying deltaic changes include subsidence and sea level rise, land degradation
sediments of Quaternary age). It also recognises that arséfig Population pressure in delta regiofise approach is being

can be a natural baseline problem in several other typesdgyeloped, tested and applied in coastal Bangladesh and also
aquifer and is a problem exacerbated by human activifpsted conceptually in two other populous deltas in India.
especially miing, although this aspect is not dealt with in thArsenic is of key concern to people in Bangladesh and this
review. review aims to provide a baseline set of knowledgenfwhich

The ESPA DELTAs Project et®) feview Jlikely futurg ghargesdnsclimalg, langd eisg.| seaplevel
livelihoods and ecosytems, poverty alleviation in populo@d population in the deltas region of Bangladesh

This journal i®© TheRoyal 8ciety of Chemistry 2013 J Name, 2013, 00, 1-3| 1



The Ecosystem Services (ES) of river deltas often support higtsenic may therefore be added to the list of stifessors
population densities, estimated at over 500 million peopddfecting health, livelihoods and the ecosystem of the delta
globally, with particular concentrations in South, Scihst region. Groundwater abstracted for domestic use has both
and East Asia and Africa. Further, a large proportion of delasenic may therefore be added to the list of stress factors
populations experience extremes of poverty and are highf§ecting health, livelihoods and the ecosystem of the delta
vulnerable to the environmental and ecological stress amgion. Groundwater abstracted for domestic use has both
degradation that is occumg. immediate and mediuiterm health impacts in affected areas,
but the widespread introduction of higinsenic water into the
Rural livelihoods are inextricably linked with the naturaénvironment through irrigation can have secondary effects on
ecosystems and low income farmers are highly vulnerableféod and fodder, thecesystem and also on the economy.
changes in ecosystem services. Their health, wellbeing and
financial security are under threat from many directions such as
unreliabe supplies of clean water, increasing salinisation @éfs regards the specific concerns of the ESPA Project, it is the
soils and arsenicontaminated groundwater, while in the longeémmediate coastal region of Bangladesh with very young
term they are threatened by subsidence andesehrise. This sedimentsthat are of interestvhere arsenic occurs extensively
study will contribute to the understanding of this preseim the shallow aquifers. However,ofable water is mainly
vulnerability and help the people who live there to make moextracted in the coastal region fravider sediments tapped by
informed choices about how best to reduce this vulnerability. deeptube wells in excess d&f50m depthwhich is arsenic safe
in almost all casesIn the coastal regions there lisss
Within the terms of reference of the ESPA Deltas Project tldependency on shallow wells in young sedimemtsre the
review of arsenic and related elements focuses on #rsenic problemis widespreadin these areas the main water
occurrence, the security ofater quality, arsenic in the localquality problem is salinity caused by flooding and also saline
environment, identifying occurrences of safe drinking watértrusion caused by excessive pumping.
(especially groundwater) as well as arsenic mitigation in
affected areas. There is already a very extensive literature@lobal occurrence of groundwater arsenic- the
the subject of arsenic contaminatigampbably the most Wldely PECIfIC problem of delta regions
studied of all pollution issues, and the purpose of this paper Is

to act as a filter of the extensive material available which is Io ldwide (Fia.1) h led th le of th
relevance to the current reseatohic. nvestigations worldwide (Fig.1) have now revealed the scale of the

arsenic health problem occurring in groundwateBome of the
most common locations with extensive occurrences of high arsenic
are alluvial sediments and deltaic areas as well as inldtaks dad
sedimentary basins in inland areas (mainly in sanmd areas).The
former occur largely in reducing sediments and the latter under
oxidising groundwater conditions.
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Fig.1. Distribution of documented world problems with As in groundwater #omaquifers as well as water and environmental
problems related to mining and geothermal sources. By far the most serious problems in terms of those affected occur i
Quaternary delta regions s#outh east Asra

Geologically young (Quaternary) aquifeare particularly prone to delta plains with recognised groundwater arsenic problems include
developing and preserving higiisenic groundwater. Alluvial and  the Bengal Basin (Bangladesh, India), Mekong Valley (Cambodia,
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Laos, Vietnam), Red River Delt@gvietham and the Yellow River wells for water supply. From the 1960s hgngmped tube
Plain (China). These major deltas derive sediments from tectonicallglls accessing purer, pathogkee water were widely
active areas of the Himalayan region where geologicaltyd uplift introduced especially by development agencies and this
leads readily to physical and chemical erosion of fresh bedrock. Timactice accelerated significantly from the 09&®nwards as the
bedrock often consts of granitic and other igneous rocks containingchnology became very cheap and easily available all over the
unweathered rock forming minerals such as biotite and other mafical areas. This led to a vast increase in the access of rural
(iron-rich) minerals and feldspar. Such minerals formed at higlopulations to what was considered a superior and safe source
temperatures and are transported rapidly by the GBM and otbérdrinking water from the readily available gralwater
rivers to thedelta regions. Deltas form rapidly and the newly derive@sources contained in the shallow alluvial aquifer®f the
sedimentgjuickly become buried. In the Dhaka region for examplexisting shallow water wells in the country only 10&ere
using radiocarbon dating evidence from wobdried with the installed by government agencies like the Department of Public
sediments some 60m oflepositshave accumulated in 60 000 yr.Health Engineering (DPHE) and various NG@& remaining
Under the newlycreated, low temperature sedimentar0% beng privately owned. The number of wekk®ntinues to
environments the transported minerals are very reactive and undéngoeasewith an annual growth rate of about 10%.
Aifreshwater di agenmaestlide (skeondary)g whi ch new

minerals including clays and oxides will form and in the proceggrsenic and health issues

release imputies not required for their stabilisation. These include

various trace elements including arsenic which would have bagfs only in the past two decades that the real significance and
|nC|.Uded n m|ner.als. at h|gh temperatyres, n Sulphlde .ml.nel’als @gent of arsenic as an environmental he&dtduehas ga'ned
pyrite, Fe$), or within primary mafic minerals such as biotite. & prominencenow a global issue, due specifically to the situation
specific conditions relating to the GBM are further described belowy Bangladesh, where between 35 and 77 million of its 125
million inhabitants are considered to be at risk from drinking
As-contaminated watéf. In 2003, studies by the Bangladesh
The nature and history of the arsenic problem Arsenic  Mitigation Water Supply Project (BAMWSP)
estimated the total exposed population at nearer*20Much
Arsenic has been used therapeutically and also as a poisonti@fd been learned of the health effects of long term human
its toxicity has been recognised for centurfés Geochemists €xposure to_-arsenic through the evidence collected in
have undestood the geochemical cycle of arsenic and iBangladesH:'’
potential toxicity in drinking water for half a centfry - . )
However, the Widespread extent of its environment&he millions of tule wells drilled mOStly by the pr|Vate sector
distribution and occurrencef an arsenic probleris a recent and by national and international agencies to improve water
phenomenon, a product of rapid glbbavelopment in the late quality in the 1980s and 1990s were tested mainly for
20th century. One of the first cases recognising arsenic toxid#§thogens and gasiitestinal diseasesven as late a8997,
in water came from studies of mining areas in Tafvan UNICEF™ was able to claim that796 of the population had
been provided wi t h Adiroted above) d r i
The first recognitions of an arsenic problem in the GMB regig#Senic was not routinely tested until the late 1990s due to
came in 1983 from West Benddland in 1993 rfom difficulties in low level and routine chemical analysis.
BangladesH.The earliest cases of arseitiduced skin lesions
in the subcontinent were identified in Kolkata, Indfa the Chronic arsenic poisoning, arsenicosis, can increzeseisk of
patients seen were from West Bengal but by 1987 sevey@veral health hazards including skin lesions, cancers,
patients had already been identified who came frof@istrictive pulmonary disease, peripheral vascular disease,
neighbouring Bangl@esh. The contamination of groundwategangrene, hypertension, noirrhotic portal fibrosis, ischemic
by arsenic in Bangladesh was first confirmed by tHeeart disease, and diabetes mellitus. Skin changes due to
Department of Public Health Engineering (DPHE) in Chap@fSent poisoning include a raindrop pattern of pigmentation
Nawabganj in late 1993 following reports of extensiv@nd depigmentation that is particularly pronounced on the
contamination in the adjoining area of West Bengal. extremities and the trunk. Although less common, other
patterns include diffuse hyperpigmentation (melanosis) and
One of the main reasons for the slow recognition of the scald@falized or patchy pigmentah, particularly on skin folds.
the problem and its environmental significance has been th@oerkeratosis (hardened skin) appears predominantly on the
issue of its chemical analysis at thefj level, which may still Palms and the planter surface of the feet. Skin cancer resulting
present problentd Natural baseline concentrations ifffom chronic arsenicosis is quite distinctive. Multiple lesions
groundwater are low in many geological environments due #&€ common and involve covereceas of the body, contrary to
low geochemica| abundance. In many major VmN/eloped nOr:]'arsenlcal .Skln Can(?el's which Usua”y appear as a S|ng|e
aquifers which have been used for water supply and orecit '€sion and which occur in exposed parts of the body
for decades, arsenic was rarely seen as a problem. In a stud_[y of . . ) . o
23 European aquifers in a range of lithologteshe overall The health effects of ingesting arsen@ntaminated drinking
median As concentration was only5@. @l; only in three minor Water appear slowly.Thus the problem of estimatg the
aquifers did the médhealbbascalen &ffgcted pepylatignehas, to tage iptg account the past and
of the problem became an issue only when improved analytié@ntinuing exposure to arsenic. Since large numbers of tube

procedures were applied detailedwater quality investigations Wells were installed in Bangladesh over the 20 yqaisr to
in Recent an@Quaternanalluvial sediments. 1990 and assuming the population continues to drink arsenic

contamina¢d water, then a major increase in the number of
Until the mid20th century rural populations in Bangladesfases of diseases caused by arsenic, over and above those
relied mainly on den-contaminated surface water and shallowlinically-confirmed may be predicted (Smith et al 200Dhe
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recent investigations also predicted higher rate of cancer desitilies of the disease were available attina 2 Previously,

in the coming years.

a studyof a large population in Taiwdrfound a clear dose
response relationship between arsenic concentrations in

The main manifestations of the disease are skin lesiarnking-water and the prevalence of skin cancer. In this latter
(keratosi¥,which appear typically around 10 years followingtudy the average concentration of arsenic in water was about
first exposure, althougthesemay appear in children younger500 mg/l and by age06more than 1 in 10 had developed skin
than 10 years oldOther significantmanifestations are blackcancer. The lifetime risk of developing skin canfrom a daily
lesions (disoloured skin) on the feet and hands in particuldntake of 1 mg{g body weight of arsenic in water ranges from
This is a peripheral vascular disorder with similarities tb per 1000 to 2 per 1000. Using geostatistical studies, Yu et
gangrene. The affected skin gradually thickens, cracks, aid' prediced that longterm exposure to present arsenic

n di s cfodt oconctemtratioasnwill Iresudt intapproxinmately 126,000n caseb bfa c
di seaseo diseddseasehecurrenmecin groundwateskin cancer, and 3000 fatalities per year from internal cancers.

of Taiwan from where it was first well documented

ul cer at es. The s ki

Table 1 Key statistics on arsenic poisoning in Bangladesh

(after UNICEF 2010)*®

Number %
Household drinking water tested for| 13 423 100
arsenic in 2009
Household drinking water exceedir 12.6
Bangladesh standard in 2009
Household drinking water exceedir 23.1
WHO guideline in 2009
Estimated number of tube wells in| 8 600 000 | 100
Bangladesh in 2002
Tube wells tested for arsenic in 2002 g 4750 000 | 55
2003
Tube wells marked green (safe) 3300000 | 39
Tube wells marked red (unsafe) 1400000 | 16
Estimated total villages in country 87 319 100
Villages screened for arsenic 54 041 62
Villages where<40% of the wells al 70 610 81
contaminated
Villages whee 4380% of the wells arq 8 331 10
contaminated
Villages where 8®9% of the wells ard 6 062 7
contaminated
Villages where all wells ar{ 2316 3
contaminated
Active public safe water options in| 705 094 100
arsenic affected areas
Shallow tubewell with hand pump 417 960 59.3
(safe)
Deep tube well with hand pump | 154 264 21.9
Shallow well with Tara pump (safg 82 880 11.8
Deep tube well with Tara pump 10 350 1.5
Dug well 9163 1.3

a) Source: Multiple IndicatorCluster Survey,

Bureau of Statistics/UNICEF 2009.

It is also reasonable to expect marked increases in the incidence
of the other health effecfs

Causes of the problemi the hydrogeochemistry
of arsenic

Despite the numerous papers on the subject, there is still not
complete agreement on the causes of the high As
concentrations, which result from a combination and interaction
of geological, hydrologal and geochemical controls. It is
important to stress that arsenic is not a particularly rare element
(52" in terms of geochemical abundance) and is quite widely
di stributed in the earthds <cru
Nevertheless as discess aboveit is the nature of the
sediments with above average comnmgations of micaceous
minerals, theamounts of colloidakized iron oxidescombined

with their geologically young age that provide the setting for a
reactive environment.

The aqueous @ehemistry of arsenic is among the most
complex of any of the metals and other toxic elements, being
controlled by a very wide range of geological, physicochemical
as well as biogeochemical processes. The environmental and
especially the aqueous geocherhlmehaviour of arsenic is now
well documented as a result of the intense interest in its health
significance and occurrence in groundwatéf?2 A summary

of the main features of arsenic hydrogeochemistry are
summarised here drawing heavily on the poshmensive review

by Smedley and Kinniburdh It should be noted that arsenic
mobility is unlikely to be controlled by a single geochemical
factor and therefore routine prediction of its occurrence and
behaviour is exceedingly difficult.

Redox propertiesand speciation of arsenic

The development of a strongly reducing environment is
probably the single most important factor leading to
mobilisation of the arsenic. Arsenic is one of a number of
metals (As, Se, Mo, V, Cr, U) forming oxyanions (eg A30

andwhich are mobile at the pH values typically found in low

Bangladeshtemperature groundwaters (pH B355). Arsenic can occur in

several oxidation states but in natural waters is mostly found in

b) Source: National Arsenic Mitigation Information Centreinorganic form as oxyanions of trivalent arsenite [As(lll)] or

2005.

pentavalat arsenate [As(V)]. Organic As forms may be also be

c) Source: Situation Analysis of Arsenic Mitigation 2009produced by biological activity especially in surface waters. It

JICA/DPHE//

The i mpact of arsenic
intellectual developmerttas been studied by Minamoto et@l a redox indicatdf?% This ratio depends on the abundance of
. Small numbers of skin cancer had started to appearthe redoxactive solids, including organic carbon and
Bangladesh by the end of the millennium but no long terimon/manganese oxide, the flux of potential oxidants (oxygen,

4| J. Name, 2012,00, 1-3
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can also form ligands with other anions especially carbonate
and reduced sulphur

cTheirdtiah ofeAa (@Ikto As (V) has beein asedafdr sotine ast
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nitrate and sulphate) and on microbial actitityAs (lIl) is the water does not coincide with the depths where the arsenic peaks
dominant species under reducing conditions such as the deltaicur.
groundwater environment and is oxidised rapidly on mixing
with surface conditions. As(V) is predominant under aerobfgrsenic in soils
conditions typical of semarid environments.

The background level of As in narrigated soils in
Arsenic concentrations andobility are influenced by ChangeSBangIadesh is around-B) mg/kg but, in irrigated soils
in redox conditions measured by redox potential (Eh) and pébncentrations are regularly several tens of mitj/kdviost of
Speciation in aqueous solution will also vary. Under oxidisingle arsenic in soils of the GBM (West Bengal Delta Plain) is
conditions,HAsQ," is dominant at low pH (less than about phjerived from the Féearing silicates of the delta sediments
6.9), whilst at higher pH, HAs$J becomes dominant. Under(pjotite and chlorite) and concentrated especially in the newly
reducing conditions at pH less than about pH 9.2, the uncharggghed oxyhydroxide¥. Although much lower in amount, the
arsenite speciesgAsOs” will predominaté®. In the presence of oxyhydroxides hold almost as much arsenic as the silicate
extremely high concentrations of reduced sulphur, dissolvggctions (within which the As is uth less mobile). During the

As-sulphide species can also be significant. irrigation cycles more arsenic is then taken up by the
) oxyhydroxide fraction of the soils and cycles during redox
Role of sorption variations. Very high arsenic (18578 mg/kg) is found in Fe

) L o rich mineral plaque coating the roots of rice buthia grains of
At neaFneUtral pH arsenic m0b|||ty IS SeVerely I|m|ted b)ﬁce and Wheat were found to be IOW in As éo_:zrng/kg?‘1
adsorption reactions, precipitation, or -pecipitation with

oxide or hydroxide minerals (e§eOOH) and/or with clay The gccurrence of arsenic in surface wates and
minerals or organic matter. Hydrous ferric oxide (HFO)ijghh t f the GBM .
surface area form of iron oxide, often forms when Fe fLosysters o e region

precipitated rapidiThis oxide is able to adsorb As on its . . L )
surface(HFO-As) and canthenbecome the dominant form of Global average basellnelconcentratlons of As in river \_/vasters lie
As. HFO is subject to both acid dissolution at low pH arifl the region 0.00.8 mg I" but canrange up to ca. 2 mg.
reductive dissolutin at low pe (redox potential or Eh) whichT hey vary according to the composition of the surface recharge,

results in the release of As to solution. Adsorption of arsenf}§ contribution from baseflow and the bedrock lithology.

to hydrous Fe oxides is particularly strong and sorbed loadinlgi€re are relatively few measurements of arsenic in the GBM

can be appreciable even at very low As concentrafipnmost SySteém in India and Bangladesh. Dissolvedseaic
oxyanions including aenate tend to become less Stronggpncentratlons in the Ganges, Brahmaputra Rivers and their
sorbed and more mobile as the jitérease¥. However as the confluence show important seasonal variations and maximum
sediments undergo diagenesis, the HFO tends to transféi@@l of dissolved and suspendeaffsenic concentrations are
slowly to more stable forms of iron oxide with lower specifiePServed during the monsoon season {JDgtober). Here the
surface area, such as goethite and teisds to lower the &rSenic |sconcentr§1ted in suspended particulg@®M) matter
sorption at higher pH. As pointed out by Smedley arqiarlved_fr_om flood_lng (Flgure 2_) and run off from agrlcgltural
Kinniburgh® adsorption reactions are responsible for tH&nds, irrigated with arsenic rich groundwaférs The high

relatively low (and nofioxic) concentrations of As found inSUmmer temperature (maximumi&) enhances the biological
most natural waters. activity through micobial reduction of As (V) to less particle

active As (lll) species and contributes to the seasonal variations

Role of organic carbon in arsenic concentrations in river waters.

It is widely knownthat deltaic sediments contain significantn sea water, arsenic occurs as arsenate (As Ill) with average As
quantities of organic debris as remnant vegetation and smatiencentrations in open seawateuaity showing litle variation
particles including humic and colloidal substances, some iy d typical | y*® @oncenirations it esfuariseg / |
which may be reactive. Dissolved organic matter is generafpaier are more variable as a result of varying river inputs and

the_ co_nt_rol on "?m""a' c_>f_ ygen and with reduced tron, ﬁalinity or redox gradients but are also usually low, at typically
maintaining reducing conditions. There had however been litflé o X
¢ss than 4 mg/l under natural conditions. Inaarewith

discussion until recently of the role of TOC in the control
arsenic. It has been Sho%nthat there was a Corre|ation|ndustrial pollution, concentrations may be hlghel' However
between peat lenses and arsenic conceotrmtibut peat there is a tendency for the concentration of arsenic and other
horizons are not widespread in the delta region. Debate wastals to be removed and deposited on entering surface waters.
triggered from evidence of the shallow groundwatefye flocculation of Fe oxides at the freshwagafine interice

: 29,30 i
environment that pollution sources, drawn down byg 5, important consequence of increases in pH and salinity.
pumping abstraction were the source of reactive organic matfer

causing arsen mobilisation. This hypothesis was reviewed and 'S can lead to major decreases in the As flux to the oteans
has been strongly refuted by Meharg et'atho showed from

core material from deep profiles from widely separated sites,

that arsenic and organic carbon weredeposited and provide

the reducing conditios to dissolve iron(lll) oxides and release

arsenite into the porewater. Klump ef?abmong othersalso

question the drawdown hypothesis showing that the irrigation
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Delta areas are subjed significant changes in surface watewetlands can act as a source of groundwater recharge, recycling

conditions with periods of low flow plus inundations from rivewater back to the river on a centennial scale. However, the

flooding, widespread wetlands and marine inundation. Strohgavily populated delta areas at the present day are strongly

vertical seasonal gradients are likely to exist allowing naturfected by irrigation pumping and this increases tlsk of

recycling between the riveand the shallow groundwaterarsenic build up.

system. The likely fluxes of water and associated arsenic

concentrations for the shallow (<pm) environment under

minimally undisturbed conditions are shown (Fig 3) for &he impact of seasonal monsoon flooding on these soils was

modelled section of the Mekoffg.. These studies drawstudied in one area of rice paddies in central Bangladesh

general attention to the risks involved for example in excessifdunshiganj) by Roberts et . It was estimated that between

irrigation pumping, sediment excavation, levee constructid®-62% of the arsenic is removed by monsolmodwaters (up

and upstream dam installations. to 4.6m) and that neflooded soils are at risk of arsenic
accumulation.

Bangladesh relies heavily on groundwater for the irrigation dry

season rice (boro) which is exposedhigh arsenic with some Arsenic in the food chain

1360 tons of arsenic being added annually to the soils. More

than 75% of the current irrigation is provided by groundwatér good number of studies have demonstrated that significant

sources, mainly pumped from the Holocene alluvial and thenounts of As can be ingested through food, mainly rice.

Pleistocene DupiTila aquifers. Under natural ditions However, the uptake depds on a number of factors including
concentrations in irrigation water. Total intake also depends on
cultural issues such as cooking practices and amount of rice
taken. Rice irrigated with groundwater is generally higher in
arsenic than negroundwater surces and may be a significant

6] J Name, 2012,00, 1-3 This journal i® The Royal Society of Chemistry 2012



dietary intaké’. Human exposure to arsenic through rice walistribution is diffuse and this is related, primgrilith its

calculated to be equivalent to half of that from drinking wataiffinity for iron'®. Thus it is commonly found in primary and

in 14% of the rice samples (using daily intake levels of 40@gcondary minerals in the reduced form associated with pyrite

and 4 for rice and water, respectiye an arsenic concentrationand other metal sulphides (Fe(Ag)Sand in weathered

in water of 50 m¢kg and assuming equal bavailability of oxidising environments associated with iron oxides. But
arsenic, asnentioned above, in the GBM region is also present
in other mafic minerals, still associated with iron, such as

arsenic in water and rice). Duxbury and Panndilafave biotite and amphiboles such as hornblende transported with

demonstrated a halving of rice yields at soil @&mcentrations more common minerals to form the deltaic sediméntand

of around 50 miikg. Furthermore, significaruptake of arsenic which then can weather slbwas sediment diagenesis occurs.

by rice may occur in irrigated regions, as well as-irdgated It is worth remembering that the mass of arsenic contained in

crop$t. Processing of rice (parboiling and milling) does ndahe sediments is large yet groundwater concentrations of

appear to substantially reduce human exposure to arsenierest and concern are measured only in microgrammes per
through rice consumption. litre.

Studies by Meharg and Raiar’® demonstrate that there isOnce arrived in the delta, the vam® processes mentioned
clear variation in As speciation and concentration in rice growbove, lead to the mobilisation and fixation of arsenic in the
in different countries. When this variation is related to dietagediment pore waters and groundwater bodies. The processes
exposure it is evident that countries whose rice is elevatediake place at the scale of the pore solution with groundwater
inorganic As and who are ralit on rice as a dietary staple arenovement leading to the distribution of the sekitmore

most at risk. widely. Thus, it is important to establish and visualise the
arsenic occurrence and distribution at different scales and in

Arsenic in groundwater of the GBM region threeb lePenSIOHS (Fig. 4) as shown by Smedley and
Kinniburg

Although arsenic may form over 20@rimary minerals
associated principally with ore depositiis geochemical

ISOTHERM 1
oxidised
conditions (1)
As(V)
sl Anaerobic conditions and aging lead
] As(V)on to the following possible changes:-
| fresh Fe oxide * As(V)=As(lll) in solution and desorbed
| (Hfo) - dissolution of iron oxides
i NORTH » diagenesis of iron oxides (reduction
Irorg]—lj\ch seé!imen:js_ strongly T of ;urfac? ar?a a)ndlor change in
sorb As under oxidisin 5o surface structure R
conditions (Isotherm I)g o2 Baseflow in dry season

transports As to river where
As(lll) >As(V)

and As(V) resorbed to
iron oxides (Isotherm 1)

Young poorly
flushed sediments

- Burial of fresh sediment
. - leading to anaerobic conditions -’

SOUTH

dry season\ | =
water table

Redox
Boundary?

- [ Denitrification | - -
d NO;” =N, gas |- L oE —
PR T 3 >Ny 592 72 0% As(
. "f“s'n;) i By DTW spyjp-- 1o -

Slow groundwater flow ISOTHERM 1 )
combined with sorption gg‘;‘és‘e:ns o
i it
lead to very slow flushing As(V),
diagenesis Desorpfi " . .
ption of As from sediments Discharge of As-rich
S| /i ."I'!’_“ férﬂcgf% under reducing conditions groundwater with possible

f el conditions (1) (Isotherm 11y resorption to ocean particles

|

| h

 AC—»

c

Figure 4. Schematic diagram showing the geological smvinent of the GBM and main geochemical processes leading to arsenic
mobility (BGS and DPHE™
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Hydrogeological controls ii) relatively high hydraulic conductivity, medium

porosity;
The hydrogeology of Bangladestasdescribed in some detail iii) high present day groundwater gradients and/or
by BGS and DPHE!. The Quaternary system can be historically high gradients due to the influence of the past
considerd as comprising three aquifer units Table 2: glacial maximum
iv) relatively rapid flushing, ame 210ka per pore
Table 2 Main aquifer units of the Quaternary delta volume
(BGS/DPHE)* v) sediments greater than 10ka years old;
Fluvial areas Delta areas High arsenic concentrations associated with:
Upper Grey highstand Grey highstand ) areas with low recharge

i) silts and fine sands within alluvial floodplains and

sha[low braided .floodplai.n (U floodplgin gqgifer of delta areas leading to low groundwater flow rates

aquifer Dhamrai Formation) | dendritic distributary i) areas with low groundwater gradients even at the time
system of the last glacial maximum

Lower Grey coarse grained | Grey transgressive iv) areas where flushing takes-200 ka per pore volume

shallow transgressive tract lowstand even during the LGM . .

aquifer tract/lowstand aquifel aquifer within v) areas with low gradients at the present time leading to

flushing times of 200ka
. ) vi) regions of epecially low flow eg inside river
Dhamrai Formation meanders, in closed basins and in dead zones of aquifers

in incised channels (| incised channels

Deep aquifers | Redbrown DupiTila | Grey sub150m deep
of theChandina area,| aquifers composed | The hydrogeology predicts and supports the finding that the
and Barind and of cyclic, vertically deeper aquifers should be largely free of arsenic and offer a

Madhupur Tracts stacked aquifers in potential mitigation for the arsenic pyem. In this case
subsiding deltas pumping will induce flow vertically as well as laterally and

there is still the possibility fomigration of contaminant® the
deeper groundwater with uncontrolled pumping. Well design,

screen placement and pumping regimes need toabsfudl
Groundwater flows southwards through the fluvial sediments(ggnsidefed_ pumping reg y

the northern part of the GBM system, mainly tmgb the
coarser sands and gravels of the lower shallow aquifer. As }ﬂgenic occurrence and distribution
aquifer develops towards the south the groundwater flow feeds

through the stacked main channel deposits, derived frhational survey of arsenic in groundwater (BGS and DPHE
_severa_l c_:ycles of glacieustatic deposition. Each of tr_]ese un|t§001), using some 3,500 groundwater samples, found that 27%

s a fining upw_a_r(_js sequence So that bOth horlz_or_ltal a(5\dsamples. from the Holocene shallow aquifer (<150 m depth)
vertical permeabilities will vary within the aquifer. Within the.;tained arsenia t concentrat i/ ans 468X c e e

coastal zone the shallow and deeper aquifers have been invaded. o o 4 oldThid ffecedjan estimated @5people, with
by apo_l mix with sea water and saline formation water of the; o4 sf f ect e d by c o rlc gmetaiqw'tetr i ons
subsiding da. sediments are made highly reducing by the presence of

. . . __significant amounts of organic carban the sedimenfs As
Groundwater movement is strongly influenced by the incisiQfL a5 high arsenic under the reducing environment the
by rivers into the stacked sedimentary sequence and also byg‘i}?)%ndwaters are often enriched in Fe, Mn, HCRH,, but
strong seasonal hydraulic gradients, although any fluctuatiorgih centrations of NQand SQ are Iow;, this indicats that

water levels is nowadays heavily modified by irrigatiopenitrification and sulphate reductianeaided by the recking
pumping. The location of significant former channel deposi{§,ironment. Methane was also detected in some
through the delta may also afford areas of greagfoundwater‘éz.

transmissivity. The magnitude of the groundwater flow throu

the complex sedimentary sequence, flushing out porewaters @ad occurrence of arsenic in groundwaters in Bangladesh is
removing diagenetic prodts is a critical consideration inghawn in Fig 5 where it is seen that arsenic concentrations
relation to the arsenic anomalies. It is considered that the IQé@’(ceedig drinking wéa)twere cohcentated én (5
stand sediments of the Brahmaputra valley will have begl, south and soutsast of the country. A later survey by
flyshed at least c_mce_since théime of deposition, whilst the jNICEE/DPHER of 317 000(shallow?)tube wells from the
high-stand deposits will have onbeen flushed oncé south of Bangladesh found that 66% contained arsenic above

- . . . the threshold concentratiomsth only 10% with lower than 10
The variations in arsenic concentraticthsis clearly relate to

. . o /1
the turnover of water in the sediments, depending in turn on ﬁ1g

age of the sediments, aquifer hydraulic properties and the pggl proplem islittle less severe ifvest Bengallndia but it is

and _ present groundwater ﬂoyv regines From th_e estimated that about 6.5 million people are drinking water with
consideration of the hydrogeology it was concluded that high Qtanic concentrations greater tHa® £ g / | . Il'n India
low arsenic was likely to be found in specific locations also occurs priripally in alluvial aquifers in the states of Bihar,

) ) ) ) Tripura, Uttar Pradesh, Jharkhand and As$4m
Low arsenic concentrations associated with:

i) coarse sands at the base of incised channels in fluvial
areas or possibly istacked channels in delta regions
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The distribution of arsenic, as described above, is quite stron
correlated with depth, which in turn relates to the age of t
sediment and the aqeif properties and flow characteristics
The main depth range of the high arsenic is between :
80m'%® almost entirely within the shallow aquifer (Fig 6)
However there is consistent evidence that, below 150m in -
lower aquifer, comprising older allial sediments from

Holocene alluvium, concentrations of As are much reduce
Concentrations from the deep aquifer in Lakshmipur ai
Faridpur and Chapai

270 T T T T T
Arsenic (pgL™")
« <05
o - 05-4
26" - 4-50 o
- >50
25° |- .
24° -
23° + .
22° - -
Bay of Bengal :
o[ ¥y -
21 [ 200 km {10 Y
0
'Groundwater Studies of Arsenic Contamination in Bangladesh'
DPHE/BGS/DFID (2000)
200 1 | | 1 |
88° 89° 90° 91° 92° 93°
Figure 5. Arsenic concentrations in groundwaters

Bangladesh showing high (>56g/l) concentrationsin red
associated with the delta of the GBM river system
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Figure 6. Arsenic concentrations in relation to tube well depth
showing the predominance of high arsenic betweer6Qi

depth and

the widespread

groundwaters below DBn

Nawabganj,

focal points

of

low arsenic abundance in

the BGS/DPHE survey,

consistently gave lovarsenic waters and offer an alternate
source of supply. Later surveys in other parts of the country
demonstrated that arsenic safety is not determined by depth but
by the nature ofediments occurring at a particular depth.

Dug wells to a few metres depth also often have low arsenic.
The UNICEF/DPHE survey found thahly 11% of the shallow

dug

we l

| s had

arsenic concentr

these wells are prone to microbiological contamination, the
very problem that the tube well programmes of the 1980s
sought to resolve.

It is widely accepted that the reducingnditions in the aquifer
involve reduction of As(V) to As(lll) with resultant changes in

il':*,orption behaviour. The process of reductive dissolution and

reductive adsorption of arsenic are the main processes leading
to the increase in dissolved arsenic conegiwng®. The
mobilisation of arsenic is still not fully understood however and
involves a complex sequence of diagenetic reactions as outlined
above. These reactions may also involve microbial, which are
favoured by the presence of organic matter in yloeing
sediments and dissolved in the groundwater. The organic matter
is preserved under reducing conditions in the rapidly forming
sediments and is both reactive and assimilable for microbially
mediated reactions. This is a natural biogeochemical process
and any anthropogenic origin of organic matter has been largely

rejected®®

Groundwater radiocarbon age was determined on samples from
piezometersdrilled at the three aquifers at research sites

(Speci
Lakshmipur
groundwater

al
and Faridpdt

Study
From 1040m depth
had values of 83%

Ar e as NavabganjS S A b
the
modern carbon (pmc)

indicating modern water no more than several decades, some of
these waters also containing tritium. Groundwater from 150m

(Faridpur) with 51%

pmc

indicated naage (based on
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geochemical modellingpbf 2000 yr. Deep groundwater from consolidates the wells survey distribution maps of the previous
Lakshmpur had values of 28pmc indicating ageshe range BGS/DPHE studies.

200012000 yrs Using modelling studies and environmental

tracers {H, *HeH , ¥0f) Klump et aP? have also shown that The Government of Bangladesh estimated the number of people
modern water is found to a depth of 25m and likely to haezposed to 5&/I level as 29.3M as shown in Table 3. Of
been influenced hydrodynamically by pumping. However, tlikese, more than 1M people have been édtified in 8511
major zones of As enrichment lie below the depth of thdllages in 191upazilas of 51 districts where tulveells have
modern water, supporting the hypotisesf enrichment from As above 5&g/l as shown in Table 3. About 13 000 suspected
natural diagenetic processes. arsenicosis patients have been reported from these villages.

Thus, it is clear that the hydraulic gradients, transmissivity a [@ Total 850 pob @ > 50ppt
extent of flushing of the aquifer have been important i
concentrating and then distributing the arsenic rich waters aw
from the sedimantary zones undergoing active diageneti
processes. Borehole drilling in recent decades has intercepte
layered aquifer and has undoubtedly affected flow patterns w
intensive pumping for irrigation. Pumping can influence th
water chemistry by remong arsenic from zones of enrichment
but also, depending on the vertical permeabilities, drawir
down arsenigich water from overlying horizons (say below|
20m). Modelling studies have shown the importance of carel Total <50 ppb > 50 ppb
abstraction regimes and that it is kely the lowarsenic Wellsin Various Categories

groundwater at depth would be disturbed by hpathps. The _— - .
AN ; - . -~ Figure 7. Summary of DPHE/BGS National Hydrochenlica
irrigation from the shallow aquifer (with higher concentratlonégrvey Arsenic Azalysis of 3534 wells. Britis¥1 Geological

of arsenic) would also provide an effective hydraulic b&ftier Survey: Keyworth.

% of Tested of Wells

In the original survey of the arsenic probféra wide range of

inorganic constituents were also screened from the whole Table 3: P | dt I .
region and especially from SSA samples to assess any natural able 5. Feople exposed to 5@g4gor more arsenic in
anomalies that could present problems for drinking water and drinking water
other usage. By far the major problem was arsesiatedbut

for example some 35% of samplaiso exceeded the WH@ Modes of | Population | % tube wells Population
guideline value (0.5mg/l) for manganese. Wells in wesfeffRter coverage contaminated | exposed to
Bangladesh tend to be high in Mn but relatively lower in ASUPPIY (millions) with As3iAs>50¢e
but the reverse is true in southern Banglagdéséreis currently |— (millions)
no apparentexplanation for this. Only 2% of the deeper Piped water| 13.10 7.2 0.94
groundwater sampled in the nationahay had Mn exceeding-SUPP!Y
0.5 mg/l). Manually 8.20 1 0.08
operated
It is notable that due to the strongly reducing nature of all Hogep Tube
the shallow aquifer, nitrate is absent (or has been reduceeufw%IS
values bedw detection by natural remediation). In the shallpiyanually | 103.00 27.4 28.2
(mainly aerobic) aquifer, the presence of nitrate can mainly erated
used as an indicator of anthropogenic contamination allow
recently recharged water. ubewells
Dug wells 1.30 0 0
PSF, VSST,| 1.50 0 0
SST, RWH
i ; etc
National surveys of arsenic others 518 5 5
Statistical analysis wassed to calculate the percentage of thEQTAL 129.25 35.6 29.24

population at that time who were exposed to arsenic at various
concentrations. However, in the coastal areas mostly dee . . L
wells were sampled where shallow water is brackish and #dfS€NIC and socieeconomic issues
suitable for drinking. The survgyoduced the National Map of
As distribution in shallow groundwater and was subsequenkigtimates of the economic impact of poor health arising from
used for designing the Bangladesh Arsenic Mitigation Wat@fsenic ingroundwater in Bangladesh suggest that the cost of
Supply Projec®; 29% of the sampled shallow wells and 2% dpaction is extremely highThe Gross Domestic Product (GDP)
the deep wells exceeded theggf! limit for drinking water. output lost due to ifless and people becomingable to work

is estimated to be US$23 billith while the cost of treating
The percentage of wells exceeding 8§/l in 462 upazilas arsenierelated diseases is estimated to be much lower at
(administrative area)f the country combining the results of thaJS$0.6 billion for a constant discount rate of 10% over a 50
BAMWSP national screening and UNICEF/DPHE screening ygar period. This suggests thatile the costs to the health care
arsenic noraffected upazilas are shown in diire 7. This
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system are large, the costs to the economy due to losgduime wells that did not meet the local standard for arsenic in
productivity are at least an order of magnitude greater. dri nki ng w/hvere paintedfred.5A0other §.5M wells
with up to 50eg per litre arsenic are painted greéf Such
People with lesions from arsenic poisoning still suffer sociwsting did not however reduce the rate of private well
stigma in Bangladesh, although the situatims improved. Ten installations;sadly, most tubewells that were installed after the
years ago, many people believed arsenic poisoning weional testing campaign remained untested by time of the
contagious or a curse. Parents were reluctant to let thstirdy.
children play with children suffering arsenic poisoning.

Arsenicosis patients were shunned within their villages. FQigre than half of the populatioof Bandadesh remains at risk

women, the situation W,as worse asdll remains an Issue. Infr H1 arsenicexposure To reach a greater fraction of the
Bangladesh, a woman's attractiveness is often associated wi

the pale complexion. This makes it harder, in some Cafpé)gulation several actions haveebeproposetf: (i) stimulate
impossible, for single women suffering from arsenic poisoni@stly the periodic monitoring of water quality, no matter what
to marry. Once maied, women face the risk of divorce if theythe mitigation option, (ii) encourage rather thdiscourage the
develop arsenicosis skin lesions. This can be a dire situationvise use of deep aquifers that are low in arsenic, and (iii)
Bangladesh's maldominated society, where unmarried womephcjude the newly demonstrated effects of arsenic on the mental

are more vulnerablelto poverty and .social exc!tféipn . development of children in information campaighs
The discovery of wide spreadsanic contamination in tube

wells, installed initially to provide bacterially safe wateglbI

presents a double challenge: to ensure that the health gain § Government of Ba_ngladesh_ adopted a Na_1t|_onal Arsenic
diarrhoea would not be lost while also reducing the hea fiplicy and Mitigation Action Plan in 2004 for prowdmg arsenic
impact of arsenic. The challenges are ketthnical and social safe }/vatter: to allhtheh expo;ggl populattlon, tofprowdg md' d
economic. In certain arsen@ffected areas there are few if an)';are or thoseé wnho have visiblé Symploms Of arsenicosis an
affordable safe water options for rural households with avera?ﬁo to investigate th.e. Issue O.f arsenic in agriculture. The policy
income. Many alternatives are safer, but less convenient Gmonstates the po"“C"?" W'I! in rgcogmsmg_the geverlty of the
more costly than arsenmontaminated shallowtube wells problem and needs for its mitigation. The mitigation action plan
Solutions such as rainwater harvesting have shown low so&'égv'des gum!ellnes for implementation of projects In order to
acceptability. It is not rare to still see people drinking arserf@dUCe arsenic exposure by use of surfa_ce water, rain water and
contaminated water from red painted tube wells. It is hard gepgroundwater. Surface water was given higher priority as

compete with the loveost easily maintained and coniemt the source of arsenic safe water; deep groundwater was

shallow tube wells when it comes to water supply to rur%f]nsidered as the source where no other options were available.
households is created some problems in arsenic mitigation as availability

and quality of arface water were major constraints. Eventually
groundwater, more specifically deep groundwater, has become
the prime source of safe water.

Arsenic mitigation and management Various mitigation options had been installed by 2005 by the

The first substantive overview of the response to the arse% vernment of Bangladesh and NGOs to providesaie vater

emergency was provided by the Worldedlth Organisatiotl :n he areis there more than 8‘?" Ash hald been detected(.jA d
4 - h - .. large number of arsenic removal technologies were introduce

Arsenic removal is gerally expensive and technically dlmcunirb?he country using various different met%ods. However. the

and solutions can pose their own health risks; the reduction L . .
standards from 56g/l to 10£g/l leads toa sharp escalatioof government took an initiative to verify the technology and issue

costs. Whatever national standards are, it is of key importar?&%gg:ﬁélej Zi?reogzeyc;rzﬂini?e :Jesvegccg:gg;‘gi;(l:y Iglneiloval
that priority be gien to measures that reduce the absol Q Y

intake of arsenic as much as possible, even if the standard is %g)?\gofralsstv;irg g\éﬁzo‘i‘g ?faﬁr%\gecserttrllf:ecit\(/aérgllljict)cr)nt\r/%rlljct)iléi
met immediately. From lessons learned worldwid 9 9

communities must be fuly commited to take an appropriafly . BTEE JRICHRATE, 1O SEENE TR
level of managerial and financial respimity for the g :

construction, operation and maintenance of any mitigatiﬁﬁdenrovag'e%us %rgjei(e:tS;SUt verytf%waerlefoour;_d operationahnd
system. The governmentdés ro ] fl 2! §00R ﬁj U %epplﬁ)rb nati onal
of action, and ensuring that mitigation efforts by externa| n . . .
supporagences and  cii society organiations iETIEIATSL) centucis 2 natenat ey 1o deniy e
implemented in a coordinated fashion. For a problem a4 P Y 9 R
vernment programs. A large number of agencies installed

complex as arsenic contamination the Government also wogl?sme 107 000 safe water options based on surface water. rain
with academic and research institutions to improve t P ’

understanding of the causes, extent and impact of arsez?’ﬁéj %ro(;mbdwlater; 70% ofdthe mititg):;ation”byftr};elt tin&elgad been
P P y : provided by low arsenic deep tube wells, followe 5%
co_ntamlnatlo_n. Substitution of amsic free water such asr in water. In a more recent study, RavenscroftStampiled
rainwater (with adequate storage and treatment) presents 2 . " L
ossible option the ' number of safe water options installed for As mitigation in
P P ' Bangladesh. Deep tube wells provided 84.4% followed by
s{&allow tube wells (5.1%) and dug wells (4.9%). Therefore,
i 0,
direct national strategies for lowering expostreField kits low arsenic groundwater accounted for more than 94% of safe

were used in the very extsive 1999 campaign to test updvater options followed by 3.2% by rainwater and 1.4% by

wells in the most affected portions of the country. Some 1_4wrface water (P.SF.)' _T_he contribution of arsenic removal
technologies was insignificant.

The understanding of the occurrence of arsenic is sufficient
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Thus, vast effort was made in the first decade of theemics
crisis into technologies for arsenic removal with numerous
scientific publications on the subject. The experience has been
that, whilst these technologies are capable of removing As to a
safe level ina majority of cases, maintenance is a major issue
and performance falls significantly as soon as project support is
withdrawnfrom communitiesHowever there is a better future

for communitybased units rather than household based
solutions. Although these technologies were proposed as a
means for emergey response, the certification procedure took
too long a time for the effective use of the removal
technologies. It is very unlikely that household removal
technologies will be widely used in the future as a safe water
option in the country.

The conclusins from the BGS/DPHE studigsthat deep tube
wells offer a safe source of low or arsefriee water have now
been more widely corroborated. As a result over 200 000 deep
wells had been installed by DPHE by 2007. Rural piped water
supplies have been ewvalg as a source of safe water, both in
and outside the arsenic affected areas of the cotintry

A risk assessment of various arsenic mitigation options was

carried out to understand the relative health risk, risk

management potential and social accejfitgbof the widely

used technology options including DTW (deep tube well), DW

(dug well), PSF (surface water) and RWH (rain water

harvesting)*. The study included 36 DWs, 36 DTWs, 42 PSFs

and 42 RWHs randomly selected from 26 clusters. A

quantitative helgh risk model was developed which showed

that there was significant health risk substitution for DWs amggure 8. Situation regarding arsenat household wateais of

PSFs with respect to pathogens. There was much lower 899 based on 12119 samplesNote the widespread

substitution in DTWs and RWHSs in relation to eithesccurrences of arsenic in certain parts of thedta region.

pathogens or other chemicals. DTWs Hiael highest aggregate(Source: BBS/UNICEF, 2009: Bangladesh national drinking

water safety followed by RWHSs, while disease burdens fragater quality survey of 2009 accessed at

DWs and PSFs were unacceptably high. The disease burdgp://www.unicef.org/bangladesh/knowledgecentre_6868.htm)

increased significantly for the DWs and PSFshiewet season

with greater deterioration of microbiological water dtyal A visual comparison of the arsenic contamination maps of 2009
and 2005 (not shownijndicates that there have been some

A map of the mitigation situation and technologies in use feranges for the worse ihe degree of contamination in some

number of upazilas was producdinder the GOBUNICEF gareas. It is worth noting that more upazillas were studied in

project based on criteria such as dettwater table, arsenic 2009 and also the reorganisation of administrative boundaries

concentrationsalinity and presence of the deep aquifer (Figusy government since 2005 has alsepacted the distribution

8). It should be noted that, other than deep tube wells, no othgftern of arsenic contamination and the affected population.

option can be prescribed as a solution for the entire country.

Deep tube wells also have some limitations in certain partswhile comparing the patient numbers of 2009 witose of

the country. The local geology, and hydrogeologedto be 2005 it is noted that thelatter were collected from the

accuratyy determinedas well as decisions about alternativg@AMWSP dat4® of 2004 while the 2009 patient data was

technology.In addition,the overriding issue of providing safecollected from DG Health sources. The BAMWSP data came

water rather than just arsersafe water should get duefrom various uncoordinated sources while the DG Health data

importance in introducing new/alternative options. The relativecords patients who were medically treated by qualified

risks of various eseniesafe water sourceseedto be assessedprofessionals. In the comparison it can be seen that that the

in order to avoid inadvertent risk substitution. 2005 paition paper n 2004 records 3818 patients for 270
upazilad®, and 12853 patients for 191 upazilas. The 2009 study
recorded 3015 patients for 301 upazilas most of which were
also covered in 2005 study. A good indicator of the trend in
patient number distribution ighe patien{population ratio;
although the patient numbers have increased the percentage
compared to the total population is on a positive declining
pattern.

A similar trend can be visually interpreted from the arsenicosis
patient map for both 2005 and@® Another table produced in
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