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ABSTRACT

Arsenic contamination in b'Toundwaterand Its toxic effect on hl.lmanhealth is a new public health

problem in Bangladesh. In Bangladesh more than 90% of the people are dependent on water

supply from the groundwater ~oun;es. For mon::than 50 years, tubewells have been introduced

for safe drinkmg water and domestic purposes, Bllt vcry recently the arsemc conlammation in

groundv>aterand its effect on human health are creating a problem among the people. The study

was undertaken to lUlderstandthe present situation of arsemc contamination 111dnnking water of

Bangladesh. It attempts to know the extent and depth of arsenic occurrence In drinking water of

tubewells, DPHE, Grameen Bank, NlPSOM, BRAC, BUET and other NGOs ha\'e tested

tubewell water in the rural areas of Bangladesh. For thiS purpose, they have followed both

laboratory and field kit methods (specially NTPSOYIkit & MERCK kllj, Although arscnic

contamination ",as first detected 111Bangladesh by the Department of Public Health Eng1l1eering

(DPHE) in 1993, no remarkable remedial aetivmes "'ere sel forth till 1996. According to the

latest survey infonnation or the governmental and non-governmental organizatIOns,about 59

lilas out of 64 are marked as arsenic contaminated areas in Bangladesh About 65 million people

live in these lilas whose IOtalarea IS87,390 sq. km. Most of them are living at risk ofbemg

affected by arsenic contaminatJon, Arscnic contamination was also found in other parts of the

world where no such risk situation 1, round prevailmg as In Bangladesh. A detailed questionnalTe

survey was conducted to eoilect mfonnalion on different aspects of arseme contammatlon m

dnnking water of tubewells in the study area, Kachua Thana of Chandpur District Using pnmary

and sccondary data from reputed and recognized orgamzatlons involved in various arsenic
oriented programs along with the help of maps and other statistical techniques, the study is

formulated. From thc study, it 1Srevealed that the on going investigation and measurement

techniques of arsenic are not sufficient enough to identity the actual picture of the problem in the

country as a whole. To save the people of the arsenic affectcd areas of Bangladesh, GO's ~d

NGO's are trying to promote different types of water options Kachua Thana of Chandpur

Distnct is considered as a vulnerable area of arsenic contammatlon in its b'TOund"atcrand

different organizations take Initiatives to proVIdesare water options m the territory. The ,tudy

was under taken to know the extent of the prohlem and remedial initiatives taken by different

organizations m Kachua Thana of Chandpur District.
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CHAPTER: 01

Introduction



1.1 Background and Present Statc of the Problem:

The arsenic contamination in the dnnkmg walCrhas emerged as a new problem in Bangladesh.

During the past three decadcs, Bangladesh succcssfully campaigned for :.afedrinking water from

its groundwater resources and as a rcsult, over 95% of its population now depends on

groundwater. People have chosen the tube-well:, as the easy and convenient method for getting

safe drinking water. Some governmental and non-governmental organizatIOnshave installed 4

million hand-driven tubewdls throughout the country. About 2 million hand-driven tube-well:.

were installed from 1960 to 1996 "'lth the financial assistance of UNICEF. People have been

using this water for difTerentpurpose:. like bathing, washing clothes and principally for drinking

and cooking food Unfortunately, it is found that \"ater drawn from underb'TOundby tubewells of

this territory is severely contaminated with soluble arsenic (Ahmed, 1998).

The Department of Public Health Enl,'lnecring(DPHE) has conducted many surveys to estimate

arsenic contamination in tubewell water samples hoth at national and local levels Takmg into

the issue, 11has completed a wide survey and has tested water of over 23,000 tube wells.

Bangladesh Rural Advancement Committee (BRAC) conducted an extensive semi-quantitative

analysis in Hajigonj Thana of Chandpur District that consi:,ted of samples from 12000 wells

Dhaka Community Hospital (DCH), in collaboration with the School of Environmental Studies

(SoES), Jadavpur University, India, analyzoo 8,000 samples and reported that 55 to 60 per cent

of the samples from the affected areas contained arsemc having a higher concentratlOnthan the

acceptable national standard of 0.05mg/L Bangladesh Umversily of Engineering and

Technology (B1JET) analyzed another 1,210 :,amples and reported that 61% and 33% of the

samples contamed arsenic above WHO and Bangladesh Standards for drinking purposes,

respectively. Thus several government organizations have launched their programs to detect

arsenic polluted areas throughout the country. In 1998, arsenic was fOlllldin tube-well waters of

different villages under 147Thanas of 44 districts out of total 64 districts of the country But in

1999, arsenic has been found at 211 Thanas of 59 districts (BBS, 1998). The volume of arsenic

affected area has increased by a large amount in the year 1998 than in the year 1997.According

to the findings, arsenic contamination in drinking water is hi~ in the southcrn and north-eastern

part of Bangladesh (Khan, 1998).

According to the BBS report 1998, 20 million people of the country havc been affected by

arsenic and about 70 million people, which 1Smore than half of the total population of the

OtA,PTI!:R: OJtNTRODUcnON ,
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CQuntry, are within the risk of being affected by arsenic contaminatIOn. It also shows that \0

persons have d'ed from arsentC contamination, The number of arsenic affected people has

increased by about 10 million in the year 1998 than in the year 1997 (DPHE, 1998),

Although the arsenic problem of Bangladesh is a problem full of anxiety for public health, no

acceptable solution for this problem has yet been found. Moreover, no large-scale project bas yet

been taken in our country by the government or non-government agencies to prevent an arsenic

disaster. Most of the orgamzallons have confined their programs mainly to collect information

and research on health condition and education of the people. To overcome the problem or to

minimize the efleets of this problem, the alternative SOi.lrccof safe drinking water should be

identified in context of economic and social affordability of the rural people of Bangladesh .

1.2 Objectivl.'llof the Study:

Objectives

The following objectives have bct'n set for the study

•

•

•

•

•

To srndy the extent and nature of the arsenic eonmmmatlon in the drinking water in

the study area (Data is available from the secondary sources)

To identify and evaluate the iniliatives taken by the governmental and non-

governmental organizations to mitigate arsenic contamination in drinking water.

To find out alternative sources of safe drinking water for the arsenic affected people of

the study area.

To assess community awareness and perception .

To suggest some pohey guidelines to integrate alternatlve sources to existing sources

to mitigate the seventy of arsenic problcm of rum I people in Bangladesh.

1.3 Statement of the Problem:

The specific aims of the study are to find out alternative VIable ;ources of safe drinking water and

to formulate some policie, for the development of arsemc contamination situation in the study

area This study may also help different governmental organl':ations and non-governmental

organizations to make sustainable projects to mitigate the arsenic contamination problem in

drinking water In Bangladesh.

CHAPTER, OJ INTRODUCfION ,



1.4 Rationale of tbe Study:
This study i; highly needed immeruately because of the alarming situation of arsenic

contamination in dnnkmg water oftubewelJs in rural areas of Bangladesh, It is expected that the

result of the study will provide economically viable source of safe drinking water for ruml

people. It WIll also proVIdesome guidehnes that may help governmental and non-governmental

organizations such as DPHE, UNICEF and DCH to mitigate the arsenic problem in drinking

water in rural areas ofBanglade;h,

1.5 Selection of Study Area
According to the UN1CEFreport, 95% tubewelJwater ofKachua Thana of Chandpur District tS

arsenic contaminated, Through literature review and reconnaissance survey, it is known that

Kachua Thana is one of the rno!>tarsenic prone areas in Bangladesh. This pre.-concepthelped to

select Kaehua Thana of Chandpur District as the study area. The detail ql.lestionnalfesurvey was

conducted in random sampling system to cover the whole area. A base map of the study area was

used to show the spatial pattern of arsenic contaminated tubewells and organizational activitles

in the affected areas in the study area,

1.6 Scope aDdLimitations of the Study

Due to tIme and resource constraints, appropriate sample size can not be taken for the study and

also the scope ISlimited to partleular fields for questionnaire survey,

l. 7 Organization of the Study
The thesis is divided inlOeIght chapters to fulfill the objectives of the study.

Chapter 01 hasieally discusses the background of rhe problem, objectlves of the problem,

statement of the problem, rationale of the study, selection of the study area, scope and limitation

of the study and tinally orgaruzation of the study.

Chapter 02 deals with research design and survey methodology, A flow chart lS provided to

show the design of the process, which includes literature survey, inventory/reconnaissance

survey, type of survey, sample size, data gathering method, type of survey data, location, time &

day of survey, questionnaire preparatJon, conducting survey and finally data analysis and

representation

CHAPTER: 01 INTll:ODUcrION
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of use of water avmling from arsenic affected tubcwells, about the advising authonty not to drink

contaminated water, about the condition of avalling arsenic free water, about the condition of

water filtering instruments, about the condition of availing health S<:lVlcefacilitles and the

providers of faclhties, about the e:dsting alternative sources of safe drinking water in the study

area, about the drinking condition of water of the existing sources, about the rdative dIstance of

the existing sources of dnnking wuter from the houses of the households, about the condillon of

availing safe drinking water, about the provl(.Imgauthority of safe drinking water, about the

quantity of drinkmg water needed p<;:rfamily per day, about the availability of water from the

existing water sources, abollt the condition of rainwater harve:.ting technique in the study area,

about the time of harvesting rain water by the households them<;elves,about the purpose of usc

of harvested ram""'llter(in pnority basi:.), about the duration of use of harvested rainwater as

dnnking water, about the assisting authority to exi:.t the rainwater harvestmg techmque, about

the roofmatenal of the household's hou>es,about the problems related to safe drinkmg water etc.

Chapter 07 contains findings and recommendations of the study_ It comprises the general

findings come out from the Analysis Chapter and some polley gUidehnesto mitigate the problem

of arsenic contamination in drinking water in tubewclls in rural areas of Bangladesh
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CHAPTER: 02 RESEARCH DESIGN & SURVEY METHODOLOGY

2.1 Introduction;

Outlinc ofmethodology/cxperimental dcsig,n is limited 10litcrnture survey, inventory/reconnaissance

survey, selection of sample size, questionnaire preparation & survey, discussion WIth concerned

authorities & local bodies, data analysis & representatIOn. The follo'Ning methodological procedures

are followed to fuifilllhc oblectives of the study and it is shoWll in a flow diagram.

2.2 Literature Survey;

An intensive literature survey was undertaken to acquIre knowledge regardmg arsenic contaminatlOn

in water in tubewells m dliferent areas of Bangladesh. Attempts were taken to gather mforrnation

regarding arsenic contamination of groundwater both in Bangladesh and abroad.

2.3 Inventory/Reconnaissance Survey:

Initial inventoneslreeonnaissance survey has been done to l(1entity the proper location of the

study area, to locate the dl,tribution of the tube.vells, ponds, river and other sources of safe

drinking water in the study area.

2.4 Survey Design:

Survey design of the study ISdivided into five steps. They arc types of survey, sample size, data

gathenng method. selection of location, time & day of survey

A simple mndom survey and visual survey has been selected to achieve the objectives of tile study.

A sample size of 200 households (about 39% of the total population of the study area) has been

pre selected from 50262 households in 12 Unions named Ashrafpur, Bitara, Uttar Gohata,

Dakshm Gohata, Uttar Kachua, Dakshin Kaehua, Kadla, Karaia, Purba PathaJr, Paschim Pathalr,

Purba Sahadevpur and Paschim Sahadevpur.

Face to face mterview has been conducted to gather data using a detailed questionnaire. Direct

visual observatIOn has done to identitY contamlllated tuhewells, sources of water, collection of

water by the villagers, location of the alternatIve safe water options and the affected people in the

study area.

The survey data comprises a comhination ofprofih: data, psychological and behavioral data.

Time selected 10 questionnaire survey is off class hours and days are weekdays. The location is

Kachua Thana of Chand pur district. It IS 80 miles away from Dhaka.
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2.5 Questionnaire Preparation and Survey:

A detailed questionnaire was prepared and a survey was conducted to study the arsenic

contammatlOn problem in tubewell water, its consequences and to find out the viable safe

drinking \\'llter options in the study area. Emphasiz:ewas also j,'lvento study different aspects of

the problem, present condition of water sources, people's attitude to LL~tubeweUwater, severity

of the problem, awareness of the people about the problem, ahernativc water options, proximity

of the optIons, cost to set up the alternative safe water options, their economic viability coping

with the problem and some open ended questions to know household's perception in finding

solution of different problems related to arsenic contamination in tubewell water m Kachua

Thana of ChandpurDistrict.

2.6 Data Analysis& Representation:

MS Word, and Excel were used as the main tool in analysis of the data. Simple frequencies,

percentage and cross tabulation were done for the study.

2.7 Map Preparation:

Several area maps are prepared to show the distributIOn of arsenic contaminated tubewells,

arsenic affected areas,and distribution ofaltcmative water sources in the study area.
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Flow Diagram-Ol:
FLOW DIAGRAM OF RESEARCH DESIGN

CONCF;PTlJALIZATION
Reading journal" Periodical" Books
From ,eminars

LITERATURE SURVEY
~ Reading relevent book, in lhe lihrary of

BOOT. UNICEF. UNDP

INVENTORY/RECONNAISSANCE SURVEY

SELECTION OF APPROPRIATE SAMPLE STZE
~ Con;idering numl>er of households. vinages oflhe ,ludy area
~ Strength of the survey team & wrvey durO/ion.

QUESTIONNAIRE SURVEY
Questions were ,et to know:
~ Present condition ofw.ter source,.
~ Arsenic contarnin",;on ,itoalion D1SClJSSION WITH CONCERNED~ Poopie', awarene",. AUTHORmES AND LOCAL BODIES~ Altern'l;ve water option', Expc'l1' & rugher officials ofDPHE & UNICEFProximity of lhe water oplions

~~
~ Economic viability of the oplions

/~ People's percepllons
~ Probable ooJution,

DATA ANALYSIS
ShoW\ng ;nformalion in
~ Tabularform
~ M.p'

I FL'IDlNGS AND POLlCY RECOMMENDA TJONS I
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CHAPTER: 03 LITERATURE REVIEW

3.1 Introduction:
In thISChapter relevant literature has been reviewed to get a better understanding of different

issues related to .Alternative Sources of Safe Dnnking Water for the Arsenic Affected Arcas in

Kaehua Thana of Chandpur District".

What is Arsenic:
Arsenic (As) is a semi"meta1.It is derived from the Greek name "arsenikon" originally applied to
mineral 'Orpiment' (Alam et aI., 1000) Its chemical properties and position in the periodic table

reveal 1\to be a nonmetal with certain properties of metals. It ISoften called a metalloid Arsenic

is a nativc clement. 11is gray or whIte in color (DCB, 1998). It is found in the naturc as morganic

and organic compound:.. Inorganic arsenic is more tOXICthan the organic ones, Inorganic arsenic

is divided mto two types: trivalcnt and pentavalent. Thc tovalent lDorganicarsenic is 60 times

more toxic than pentavalent arsenic (Hossain, M, 1996).Trivalent arsenic compounds are known

as arsenate and the pentavalent as arsenite. Usually, four types of arsenic compounds exi,t in

water. These are arsenite, arsenate, monomethyl arsenic and and dimethyl arsenic acid. But in

the groundwater, arsenic predominantly occurs In the tmalent and pentavalent forms. These two

have been found in the groundwater of Bangladesh and West Bengal (DCH, 1998).

As many as J 50 spccics of arsenic bearing minerals exist m the carth, bid only three of them are

considered as arsenic orc. Because, the amount of arsenic is higher m these compounds.

Moreover, the,' arc more available than othcr arsenic compounds. These dIm compounds are

Realgar or arsenic disulfide (As,S,); orpiment or arsenic or arsenic tri-suHlde (As,S,) and
ar,enopyrite or feTUSarsenic sulfide (FeAsS). Thcrc are dIfferences in the physlcal properttes of

these three types of arsemc minerals, bid a common featl.lTeof them is garlic like odor.
Arsenopynte has been p6marily idcntified as the mam source of arsenic pollution in the

groundwater or Bangladesh and West Bengal (OCH 1998) When arsenopyrite oxidized and

mixed v.rith"",ter, no smell is found in the water. The major minerals of arsenic are as follows
(A\am,K.1998) Arsenlopleite [CaFe.(AsO.).(OH},AH,O], Arsenile [PbJMnH(AsOJ),};

Arsenoblsmlte [Bi,(AsO.)(OH)J]' Arscnolite [(ASIO)]; AscnopaUadmte [Pb3(AsSb)J);

Arsenopolubaslle I(AgCu)L6(AsSbhSll]; Arscnuranulite [Ca(Uo,}(AsO,),(OH)..6H20]; Silver

arsenite [Ag,AsOlj; Cupnc Arsenite [Cu,(AsOJ)ll-J,Oj; Goldfic1dite[Cu,(SBAS),(TeSn)]

Arsenic and its Use;
Usc of arsemc dates back 10early as earl} as 3000 BC when arsenic compoundswere employed in

bronze alloys (partington, 1935)and were ll<;edfor medicamentswell before 400 Be. Use of arsenic

compounds for msecl1cldesdales back to ancIent tunes. The Chincse are beheved to have used
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arsenic com>XJundsas insecticides as early as 10th century AD. Dunng thc Middle Ages, arseruc

compounds were xvidely used in agriculture (Whorton, 1969), The invention of Paris Green (copper

acetO<llOenite)as an msccticide to control potato beetle in 1868 by an Arnencan farmer began the

\videspread use of arsemc in agriculture. The succeS1.of Paris Green prompted the trial of London

Purple (a mixture of calcium arscnates and arsenites with some organic matter) as an insecticide and

tlus was also quickly adopted by the agriculture industry (Whorton, ]969),

Arsenic comjXlunds are being used in vanous industries, The list of uses of arsemc comjXlunds is

shown in Table-Ol

Table-I: Main Uses of Arsenic Compounds

• Depil'te') (leather ,"dustry)
• Herbicides, fungicldes and ba.tteric;d ••
• ['<cd additive,

"Optoelectronic d",ic<'
• PhOloemisSl"e surface,
• Desiccant or defoli'nl

lises
• Electro-pholOgraphy

• Pyrolechnics

• Additives to motor fuel
• Cotmsion mhibitur, in steel

• Inalloys (in combination (0. \% As)
"Indu>1rial bane!}' grid
• ScmiconduclOr applicalions
• Solar cell,
• Pesticide on fruit crop'
• W<,>odpreservative •• It,
• Caule and sheep dip' • Aquatic weed control
• Debarking nees • Defolian, for P''''''o
• Droolori,er and as oxidalion!redUcHon buffer .n the production of glassware,
• Spray' on apples and c!leme,. vegetable, and small frULt.OOlts.nd mo"luito larvae

Arsenic
Ac•• nie metal

Refined arsenic trioxide

Pari.' Green {coppec
acotoarsenit.).
Arsenic .ull'hid<
Arseni< and arsenk adds

Higb I'urity arsenk

Cakium and Iud arsenate
Arsenic Acid
Sodium Arsenite

Source: Nnagu & Azeue, 1990

Arsenic Abundance in Nature:

Karl Vogel wrote about arsenic in 1928 "II is an uncanny thoughl Ihal thL,' lurkmg poison

(ar.<enlcjIS everywhe~e aboul us, ready 10gam unsu.'pected en/ranee 10ou~ bod'e.' fmm Ihefood

we eal, Ihe waler we drmk and Ihe air we brealh"

This emphasizes the occurrence of arsenic in all natural environments i e. in hthospherc, hydrosphere

and atmosphere. The natural concentrations in m"st cases are harmless to public health. Recent

increase, in anthropogenic acti.ities havc resulted in elevated arsenic concentrattons in different

environments and pollution of air, ,oil and water ha> become a seriou, health hazard in different

parts of !he world. Arsenic concentration, m Jgneous, metamorphic and sedimentary rocks vary

considerably and these are the malO source, of arsenic in aqueous system, Sedimentary rocks

generally contam more arseni~ than igne<Jus and metamorphi~ rock Suspended and bottom

sediments in most aquatic systems contain mu~h higher concentranons of arsenic than in water. Coal

can contain as much as 2000 mglkg of arseniC (Onishi, 1969).
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Arscnic is a ubiquitous element being widely distributed in the earth. Nature itself is a source of

arsenic, Accordmg to avallability of natural elements in cnviromnent, the position of arsenic in

20th. The arsenic contents of the earth's crust IS 1.5-2 mglkg. However, arsenic up to 550 mg can

prevail in per kg pollutcd sol1, Arsenic poison can spread in air from the industrial wastes,

Generally, nominal amount of arsemc also cxists in water, per liter natuml water contains 1-2

microgram of arsenic. Traceable quantity of arsemc is also found In most of fruIts, vegetable,

fish and meat But high level of arsenic eXIsts in seawater. Foods of marine origm are much

richer in arsenic than other foods. Arscnic up to 5 mlcrogram can be found in per kg of sea fish,

Arsenic also exists in lava of volcano. Geothermal system and uranium and gold mmcs are the

sources of the arsenic. It occurs in the air in areas where coal is burnt, partlcularly ncar smelters

and refineries (DCH, 1998).

Cycle of Arsenic;

The environmental cycle of arsemc is shown in the flow diagram"()2.

Flow Diagram-02; The cnvironmental cycle of arsenic (13=bla and Keefcr, 1999)

Mining
Smelting

Hydrosphere
0,=",
Groundwater

Atmosphere

Agriculture
Pesticides, fcrtrlil'-Crs

Biosphere
Mammals, Aquatic
Biota plants. Microbes

Geosphere
Rocks, SallS,
Volcanoes

Non-agriculture
fossil fuel,

Indusuy, Uses

Pedo3phere
SOlI, Sediments

Source: Khan, MohlUddin Md. Tlmur, (1999), A srndy on Techniques of Arscnic Removal from

Drinking water, An MS thesls, Department of Civil Engmeering, BVET.

CHAPTER: 03 LlT[RUURE R![VT[W



3.2 Contamination of the Environment with Arsenic:

The application of arsemc herbicides and pestlcides represents a primary source of environmental

pollution with arsenic. Manufacturing of arsenical pesticides can result in the discharge of arsenic

during transportation, distribution and storage to the environment. The cumulative quantity of

pestlcldal arsenic that has been released to the environment IS substantial. [t has been ,uggested

that on a global bai>lS,65% of the aubomc arsenic is denved trom the smelting of base metal ores

(Nriagu and Pacyna, 1988). Burning of timber treated With cacodylic acid has been found to be an

Important source of airbornc arsenic aCid In the UK and the disposal of the ashes of such timber

contributes significantly to the ar:.emc burden of the soil (HultOn and Symon, 1986). The main

sources of arsenic pollutIOn in surface waters mclude domestic and industrial ,vastewaler, electrical

power plants, base metal mining and smelting, and fall out of contammaled aerosols. Arsenic in

soils can be derived either naturally from wcathering of arseruc containing rocks and minerals or

lhrough mputs of wastes from human activitics.

To:ticity of Arsenic :
I. Arsenic and certain arsenic compound, arc known carcinogens,

effect depends on the chemical and,Amount of arsemc intake required to cause hannful

physical fonn of arsenic.

3, lnorgamc forms of arsenic are more toxic than organic forms.

4. Water soluble forms are more toxic

5. Humans are most sensitive to arsenic than animals.

6. Studies in humans indicate considerable variation among mdlviduals

2.

Some humans can ingest o>,-er150 flglkglday without! apparent Ill-effects

Sensitive mdividuals are affected at 20 j1g1kglday (1000-1500 J-1g1kg/dayfor adults)

7. Doses of 600-700 J-Ig/kglday (around 50,000 J-1g1kgidayfor adults; 3,000 J-Iglkglday for

infants) have caused death in some cases.

3.3 Provisional WllO Guideline Value ror Arsenic:

The V"rHO Guidelme value of a substance is established a~ the concentration in drinking waler

associated ",ith an estimated excess lifetime cancer risk of 10-5 i c. one additional incidence of

cancer per 100,000 population ingesting drinkmg water with the substaf!ee at the guideline value

for 70 years. The WHO also establishes provisional gUldelme value; the term 'Provisional

guidehne value' is used when'

•

•

There is some evidence of a potential h<l7.ardbut where the available mfonnallOn on

health effects is limiled,

The calculated Guideline Value is bclowthe pracncal quantification level;
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• The calculated health~bascd Guidehne Value IS below the level that can be achieved

through practical treatment methods;

• It is hkely that the health-based Guideline Value will be exceeded as a result of

dIsinfection procedures (WHO, 1993).

WHO established the guideline value of 0.0\ mg/L or lO>tg/L for arsenic in 1993 (WHO, 1993)

recognizing the facts that.

• Inorgamc arsenic ISa documented human carcinogen,

• The gUIdeline value of arsenic in drinking water based on health criteria is too low for

practical implemenlationJcomphance in water supply.

• The guideline value for arsenic is restncted by measurement limitatlons, and

O.OlmgIL \S the realistIc hmil for measurement.

• Most treatment process can reduce arseruc to 0,0] mgIL

National Standards for Arsenic:

The WHO guideline for dnnking water quahl~ is suggested for use as a basis for the

development of the natIOnal standards. The local or national environmental, social, economic and

cultural conditions are considered to fix up the standard.

Table-2 : The cwTently accepted naMna! standards offew countries for arsenic in drinking water

Countries St~d. j
Australia 1996 0.007
European Union (1998) O.oJ
Japan (1993) I 0.01
Jordan(1991) 0,01
Laos(1999) 001
Mongolia (1998) 0,01
Namibia 0.01
Syria (1994) 0.01
USA (2001) 0.01
Canada 0.025

Counlrie5 S~:~~d,m >

Bahrain
1
005

I Bangladesh (1997) 10.05
Bolivia (1997) 0.05
China 0.05
Egypl( 1995) 0.05
India 0,05
Indonesia (1990) 0.05
Omm 0,05
MeXICO. 0.05
Philippines (1978) 0.05
Salldi Arabia 0.05
Sri Lanka(l983) 0.05
Viet Nam (1989) 0.05
Zimbabwe 0.05

• Considenng to lower the standard from 0,05 mg/L

Source, Ahmed, M. F" 2003, Arsenic Contammation : Bangladesh Perspecttve.

The WHO provisional guideline value of 0.01 mw'L has been adopted as the national standard

for arsenic III drinking water in many countries of the world, while many other countries have
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retained the earlier WHO guideline value of 0.05 mglL as the national standard or as an interim

target Some of the countne, are trying to adopt lower standard for arsenic in drinking water

Guideline values or standards inmcate the maximum allowable limit but it is al""ays desirable to

reduce arseruc content in drinking water a, low as possIble. The financial burden of lowenng

acceptable level>of arsemc in drinking water lShugc for the countries like Bangladesh where mo,t of

shallow aquifers mainly used for water supply an:: contaminated, Table 1 shows the currently

accepted national standards of selected countries for <menic in drinking water (Yamamurd, 2002)

Ban~ladesh Standard for !\rsenie :

In Bangladesh, thc first ""ater quality standards wcre pubhshed m December 1976 by the then

Water Pollution Control Board. These standards rclate to water quahty parameters for dnnking

water, rtX:reatlOnal watcr and fishing water. The drinking water standards were based on the

WHO 1963 and 1971 International Drinking Watcr Standards, with some minor modificatlOns

(Ahmed,M.F ,2003), In 1984, WHO pubhshcd guidelme values to promote development of

national standards depending on the existing quality of water, economic and social condltions

and technical capabilitIes of indiVIdual countries. Since then a revision of Bangladesh Water

Quality Standards w~ felt desnable by the authoritIes concerned. The Government of

Bangladesh constituted an expert comml1\ee in 1988 to prepare a comprehensive environmental

quality standard (EQS) for Bangladesh, In the mean time, Bangladesh Standard Specification for

Drinking Water (BDS 1240: 989) was prepared and published by the Bangladesh Standard and

Te~\lng lnstitution (BSTJ) with O.05mg/L as standard for arsemc in dnnking water

Compliance with WHO Guideline Valuc ;

It 15evident that arsenic at low concentrations can pose a risk to human health, So II is essential

to keep the arsenic content in drinkmg water as low as possible. But consldenng the existing

modes of water supply, technical and cconomlc conditions, it is not always possible for many

countries to comply with the WHO provislOnal guideline value or a lower standard for arsenic in

dnnking water.' The lower standards in some countnes would imply prohibitively large increase

in the cost of water treatment or abstmction of alternatIve safe water sources. Some of the

immediate problems 10adopt a lower standard for arsenic include:

• Abandomng of many existing water supply systems.

• Abandoning of eXlstmg treatment facihtles for their \nablhty to reducc arsemc

content to desired level.

• Huge cost of development of alternative \Vater supply systems,

• Lack of adequate monitoring capabilities to implement the revised standard.
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The adoption of the WHO guideline value as the standard for ar,enie is much more difficult in

Bangladesh, The JXlssible Implications are

• an estlmated 46% of the tubewell \vill have to be declared unsuitable for drinking

water supply.

• the low-cost coagulation based water treatment options and eXIstlng natural iron

based water treatment facihtle3 established in few urban centers are to be abandoned;

• altcmatlVe water supply systems arc to be developed for 49 million people cxposed

to arsenic higher than 101J-g/L;

• the existing arsenic testing facihty by field kit at local level to bc discontinued because

of its low accuracy at 10 !lg/L level and replaced by costly laboratory methods.

Table--3 : Parameters for establishing Guideline Vlllues for d rink.ing water.

Parameters WHO Standard Value Ban ladesh Value (Assumed)
Water Consum non 2LiCa ita/dav 3UCa ita/day
Bod wei ht 60 K', 60 K
Life s n 70 ear, 68 'ears

Source: Ahmcd, M. r" 2003, Arsenic Contamination: Bangladesh Perspective.

3.4 Arsenic Transformation Mechanism:

Geologically dejXlsitcd alluvial sedlmenls containing sulphide minerals i.e, Realgar (Arsenic

sulphide AsS), Orpiment (Arsenic Trisulphidc AS1SJ) and Arsenopyrite release arsenic to the

nature by weathering process, The Gangcs river carried sediments contallllllg pyrite, arsenopyrite

and pollutes the b'TOundwaterwith arsenic.

~
I Weathering Process l

I Forming Arsemc Tnoxide 1

Due 10GW level fluctuations (lOWeITogofGW level) in aerobic
condilion1m]) pJII'irebecomesOxidized,

Coming contact wilh GW formin£ Arsenic pentoxide (AS10s) which forms
ea~il}' sO]i.Iblcarsenic aCJd(lhAs04)

Source: Rahman, M. H., Islam, M, l3., Ahmed, Mu~hfiquc, 1997.
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Arsenic Removal Technologies:
The relative advantages and disadvantages of different methods have been presented in the

T3ble-4.

Table-4: Conventional Arsenic Removal Technologie~:

Tocbnolo its Advanta os Di,ad,'a"la os

Co-precipitation:
• Alum CoagulatIon • Relauvely low capital CO" • Produce, \Oxic sludge

• Iron Coagulation • Relatively ,imple operation • Low removal of A,(IlI)

• Lime Soflenmg • Common cbemieal, available • Pre-oxidation may IN: required

• pH AdjuStment LSreqULred

Comtion Teehniq"":
• Activated Alumina • Relatively well known and oommerc"llly • Produce, toxic ,,,lid wa,te

• Iron Coated Sand aVOliabie • Replacement/regeneration required

• Ion Exchange Resin • Well denned tcehnique • High tech operation and maintenance

• Other Sorbcnl' • Plenty po"ibi!ilie, '"' =,. 0; • RelatLvely high CU,1
deve[~n~enl

Memhrane 1echniques:
• Revec" ",mo",s • Well defined IlIldIllghremoval eIIioency • Very nign capita! and runnmg cost

• Eiectroood,a!y", • ~o [oxic ",lid wa,tes produced, • H'gh tech opec"ti,," and maHllcllance
• (.wahle of ='0\'01 of mher C(tJlIMlinMt' • Ta",e wa,te", .•te, produced
• Should be Ie" costly
• Hi~hc'Teffectiveness

Mkrobi"J Pr",:e,'-'I!,':
• Microbial OxidaTion • Should be less co,lIy • No[ ye[ full,. c"ahlL,hed

• Microbial Removal • Higher cffectlveness • Require extensive re,earch

Source: Ahmed, M,F" 2001, Water SupplyOptlonSm ArseniCAffected Rund Areas.

3.5 Arsenic Contamination of Groundwater and Surface Water: A Global Perspective:

Arsenic Contamination of Groundwater :

Arsemc " the twentieth most abundant element in the earth's crusl, Tt has an average crusml

abundance of approximately 2 mg/kg Under certam conditions it can occur at considerably

higher concentrations m groundwater that causes most health-related problems.lnvcstigations

over the last few years have identtfied problems vvitharsenic in grOlmdwater in a number of

different hydro-geological environments and ne", arsenic.rieh groundwater are being found til

many coufltnes,

Arsenic has long been a recob'llizedproblem in sulphide mining areas m many parts ofthc world.

Milling operations enhance the deb'Teeof oxidation of arsenic-nch sulphide minerals and lead to

release of arsenic to groundwater and surface water. Such contarmnation problems are often

severe locally as a result of the potentially very high concentratlons present in sulphidemmerals.

Elevated arsenic concentration due to natural geological sources has been reported from different

parts of the world such as Taiwan, Argentina, USA, Mexico, West Bengal, India etc, Similarly

cases of elevated arsenic concentrations due to poUt/tion from anthr0poj,'enic sources have also
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been reported from Behala m Calcutta (due to disposal of arsenic from' a PlirtS Green

(acel,,"r.lenile) manufacturing plant and Ghana (due to gold mining actiVIty). Major arsenic

contamination in groundwater has been reported from the following countries:

3.5.1 Argentina:

Several regions of Argentina have heen affected hy natural arsenic contamination of which the

Cordoba province in the central part IS the best studIed. High arsemc levels in drinklOg water

ranging up to more than 2.0 mglL have been repeatedly measured. About 55,000 people have

been drinking water with more than 0.05 mgIL, Other extensIve areas of arsenic contamination

of groundwater are found in Argentina, The source of the contamination is natural, related to the

rock compoSItion of the area,

The first notlfication ofwaterbom arsenieosis was as early as the begmning of the 20thcentury,

The tenn "Bell Ville disease" was used to describe skin manifestallOnS causes by arsenic. About

2 milhon people are exposed within ahout 1 Km2 affected area in Argentina.

3.5.2 Austr1llia :

There are thousands of arsenic contaminated sites 10 Australia (Jack, C.N" 1997).

3.5.3 Cambodia:

First detected dunng 199912000. 100 samples indicating 9% aoove WHO Provisional Guideline

Value (GV) ofO.OlmglL. Since then, 1,739 samples have bcen tested in 15 provinces indicatlOg 5%

above Cambodian proVlSlOnallevel of O.05mgIL and 14% above WHO GV of ° ° I mgfL Ar.ienic

in some wells 10Kandal province found to be above 1.0mgfL. Suspected arsenioosis patlents found

the province show urgent need for wide scalc testing. Possibly 2 million people are at nsk.

3.5.4 Chile:

Chile is an example of surfacc watcr contaminallon by arsenic from natural sources. Thc north part

oftbe country has a history of arsenic expo5ure. ]t extends over an area of 125,000 sq. km, with a

populatIon of over 400,000. The area haslimiied sources of groundwater, The public water supply

of the area brings water from the rivers high in the Andes by aqueducts. A number of rivers

originating in tlus area are naturally contaminated. In 1957 and follOWing 12 years drinking water

contained 800- 1,300!-!glL of arsenic. In 1962 the first cases of arscnicosis were reported, It is

estimated that 7% ol"the deaths from 1989-1993 arc caused by previous exposure 10arsenic.
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3.5.5 China:

The first case of arsenic pOisoningwas discovered m 1990 Many of the arsenic affected areas

are located in the arid region (rainfall 200-300mm p.a,), An estimated 5,63 and,14.66, million

people in 29 out of 32 provinces of China dnnk water eontammg arsenic exceeding 50~glL and

lO~g/L respectively, The highest concentration detected in the well ""'ater was 2460flglL

(Ahmed, M F" 2003). More than 30,000 cases of arsenieosls dIagnosed so far. More serious

effects were detected in China mcluding high cancer mortahty. Chrome arsenic poisoning from

using arsenic and fluoride rich coal was reported m Guizhou province

3.5.6 England'
A cohort of 478 paticnt~ treated with Fowlers Solution (Potassium Arsenate) m England during

the period of 1945-1969 has been pasmely followed unt!! the end of 1990 (Evans, S, 1997), A

small area study of environment on arsemc contamination and nsk of bladder cancer m Devon

and Cornwall South-East of England was found affected (Globanni, S , 1997).

3.5.7 Ghana:

The rivers in the Obuasi region of Ghana prescnt another example of contamination of surface

water by anthropogcnic activities (Smedlcy et aI, 1996). The concentration of ar<;enicin the

Kwabrafo River was 7.9 mglL The high conccntration was allrihuted to mme pollution and

oxidation of arsenopyntc.

3.5.8 Hungary :
Before 1984,the arsemc conlent of piped water in Karcag the great plain ofHungury with 24,000

inhabitants, was between 0.096 and O. 130 mglL (Csanady, M, 1997). Arsenic contamination

has been identified in groo.mdwaterin alluvial ,edimenl in the southern part of the Great

Hungarian Plain and about 1,10,000 sq km III area consisting of quaternary sediment are

affected, Total Population exposed 10 arsenic contaminatlon is about 29,000. Arsemc

concentration "''as found m the ranges of <2 to 176 ~glL.

3.5.9 India
Arsenic contarnmation in groundwater m some districts of India is detecled and they are as

follows: MaIda, Mursidabad, Nadia, 24 Parganah (Mazumdeut al., 1992). Among them

groundwater of Calcutta has been contaminated by man made sot/rees.Groundwater in the Bchala

area of the Cityhas been contaminated by arsemc from a factory that had been producing 'Paris

Green' for 20 }ear5. The liquid w<!Stefrom thc factory was discharged into an open drain
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connected to a canal Water samples from shallow tubewells, deep tube wells and tap W"dterfrom

piped ,vater supplies ",ere analYled. Eight of 12 deep tubewells analyzed had <0.05 mglL of

arsenic and the remaimng lour m between 0,06-0.42 mgtL, 01.11 of 45 shallow tube wells 17 had

contained arsenic m the safe level and 28 had concentrations from O. Ito 58 mgfL (10 with more

than 50 mg/I.) All the six tap "''liter samples had arsenic less than 005 mg/L (MandaI, B K.,

1996),

3.5.10 Mexico:
Armienta (el aI, 1995) descnbc arsenIc contamination in groundwater of Zimpan Valley near

Mexico Cay due to mimng activltle~, Zimpan has been a mining districi SlllCCthe seventeenth

century, mvolving exploitatIOn of silver, zinc and lead by sclcctlve notatIOn, Solid wastes have

been pIled up on the ground without any protection, Leaching of this sohd waste has polluted

groundwater. Waler samples were colleeted from dug wells and deep tube wells. Twenty-two

groundwater samples were found 10be contaminated ","th arsenic at concentralions of more than

0.028 mgiL, 19 had concentratIons ahove Ihe drinking """ter limit (0,05 mg/L),

3.5.11 Mongolia:

Luo el ul. (1997) describes the case of Inner Mongolia where arsenic contaminated groundwater

occurs in a sunken lake basin covering an area of 4800 km2. The ;ubterranean water occurs in

Quaternary deposits and has a naturally occurrmg high concentratIOn of arsenic from the local

rock High levels of arsenic (Mainly AS;)) and bicarbonate arc found m thc water. The aquifers

provide a reducing envlronmcnt, rich m organic substances, in which arsemc easily moves and

accumulates,

3.5.12 Nepal:

Ar5elllc contaminated tubewells have been identified in 20 Terni districts. Esttmated population

exposed to arsenic exceeding 50i!giL is 550,000 (2 4% of populatIOn).

3.5.13 Pakistan:
Some arsenic contammated water sources have been found in Punjab and Sind Provinces of

Indus basin, Preliminuf)' study indicated that about 1% sources were contaminated with arsenic

exceedlllg 50l-lWL and 11% sources had arsenic content within 1O-501-lg/L.The mtensity of

arsenic contammated sources is higher in Sind as compared to PunJab,
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3.5.14 Taiwan:
The arseruc problem In Taiwan was first reported in 1968, Taiwan gave arsenicosls the name

"Black Foot Diseuse" first From the survev of over 83,000 wells, it is found that 19% of the

wells had arsenic levels over 50~gIL. Moreover potential of cancer risk due to arsel1lCexposure

first became evident as a result of studies done In Taiwan (Smith, A. H" 1997),Epidemiological

surveys indicate thaI three types of epIdermic arsenocosis affected areas exist in the mainland of

China and Taiwan (Xioying, 1997).

3.5.15 Thailand:

A cohort of subjects with arsenical skin leSIonswas found assembled in 1987 from a region of

environmental arsenic contamination associated vvltlttin mining activities in Ronphibon district

of Southern ThaIland. In 1996 arsenic is reported to occur in some shallow as well as deep wells

in southern Thmland and total affected area is 100Km2.

3.5.16 Uniled State!;:
The USA IS probably the only arsenic affected country which has camed out a nation wide

survey of arsenic occurrence in drinking water m this country, Abol.lt 347 000 people had

received pl.lblic supphed water containing more than 50f-lgiL in thi; country and about 2.5

milhon people had recei~ed public water supplies containing more than 10!-l/Lin thIScountry.

Small waler supphes serving 1,000 to 10,000 persons are contaminated with arsenic exceeding

50)lglL, lO~gIL, and 5~g1Lare estimated to be 1%,7.5% and 13% respeCTIvelyin the USA.

Arsenic contaminated areas in lhe USA include about 2,00,000 lan2 In Arizona ( As upto

1300flgIL), 5,000 kIn' in CalifornIa (Arsenic I to 2 2600), 1,300 kml in Nevada (Arsemc up to

2,600), Studies from 1972 to 1982 showed correlation with specIfic skin alterations and

neurological abnormalities.

3.5.17 Vietnam:
Arsenic in groundwater was first detected in Hanoi m 1997, where arsenic content of29% of the

wells were above 0,05 mg/L. Arsenic contamination of tubewell water has been found in the

large deltas of the Mekong and Red rivers in tms country, In 1999,UNICEF supported study in 7

Provinces in the Red River Delta reported that 12% samples had shown above 0,05 mglL

arsemc. Groundv.'aterWlthaverage arsenic concentration of 430!-lgILand maximum arsenic

concentration of 3,000~lgJLis dIrectly used as drinking water m most affected districts of the

country Alarming levels ofar8enic in the range of2,000~gIL to, 3000 flgiL IIIgroundwater were

found on both SIdesof the Red River of thIs country.
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3.6 Problems due to Arsenic Contamination

3.6.1 Arsenic Contamination and Unman Health:

The degree of toxicity of arsenic depends on its chemical form and speciation (whether it is

organic or inorganic). Water wllh hlgh level of arsenic leads to various health problems, such as

melanosis, lenko-mcIanosls, hyperkeratosis, black foot disease,' cardiovascular dlsease,

hepatomegaly, ncuropathy and cancer. Ar~enic accumulates in the lIver, kidney, heart and lungs

Jt is also deposited in bones, teeth and hair (Khan, 1997). The toxicity of arsemc depends on the

chemical and physical fonns of compound, the route by which it cnters into the body, the dose

and the duration of exposure, dietary eomjXlsitions of interacting elements and thc age and sex of

the exposed individuals.

Malnutrition and poor socio economic condllions aggravate the hat.ards of arsenic toxicity.

Although arsenicosls is not an infectIOUs, contagious or hereditary dIsease, arsenic toxiCIty

creates many social problems for the victims and thCITfamilies (Khan & Ahmed, 1997).

Toxicity :
According to the various studies and publications, one will die jf he or she takes much arsenic.

Arsenic IS four times poisonous than mercury. The fatal dose of mercury is 500 mg. International

Agency for Research on Cancer, conSidering potcnllal carcinogenicity, has categorized different

chemicals havmg arsenic toxicity into three categories: acute tm;]city, sub-acute tOXIcity and

chronic toxicity.

Acute Toxicity:
Acute arsenic poisomng in human being lS usually homicidal, sUlcldal or accidental. Patient first

of all complains of a feeling of faintness. nausea and severe burning pain in the throat and

stomach. The resp,rauons becomc labored and lastly convulsion and coma proceeds to death.

Sub Acute Toxicity:
This is a condition where arsenic is administered in a small dose at repeated interval. The

symptoms are at first dyspepsia, cough and tmgling in the throat, then vomiting and purging Vo'ith

abdominal pain, dry and coogested throat and a feeling of depression Pallent becomcs restless

and cannot sleep and gradually results in death.

Chronic Toxicity:
The clinical manifestations due to ehromc toxiCIty dcvelop very msidiol.L,ly after 6 months to 2

years or more depending on the amount of arsenic intake.

Clioical Mlinifestatioos of chronic arsenic Toxicity

Skin Effects:
A number of skin-Ieisons have been attributed to chromc exposure to arsenic compounds. Hyper

pigmentation (melanosis) of the skm is commonly encountered and OCClliSthroughout the body.

MelanOSISis also observed in tOTlb'Ueand buccal mucus membrane.
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Gestro-intestinal Tract (GIT) Effects:
The chronic ab~orption of arsenic occa"onally produces hepatocelh.tlar toxlcity, Chronic
exposure to arsenic has been reported 10 produce liver enlargement Gastric symptoms like

nausca, vomiting, loss of appctlte, salvation, constipation or sometimes diarrhea occurs with loss

of weight

Renal S)'stem effects:
Urine may be colored red or green and some cases, dysuria, an<.lria(infectious disC1L.<;Csin the

renal system) develop.

Cardiovascular System Effects:

Peripheral vascular discase has been obscrved among persons in Chile and in Taiwan who had

chronic exposure to arsenic m drmking water. The changes were a;,socialed ""ith hyper

pigmentation and hyperkeratosi;, Myocardial degeneratlon and cardiac fai\i.ltemay result from

chronic arsenic poisomng,

Nervous System Effects:
Headache, drowsiness, loss of heanng, severe wcakness in legs and feet, confusIOn and

convulsion are seen m both aCl.ltcand chromc intoxication

Respiratory System Effects:
In early stage of arsenic intoxication, respiralory infection ISfound to be associated with other

elimcal manifestatIons

Endocrine System Effects:
Diabetes, Mellitus and GOIter have been reported 1Il association with prolonged ingestion of

arsenic through dnnkmg water.

Carcinogenicity'
ArseniC has been found to eause cancer of the skin, liver, lung, urinary bladder, prostate and

possibly of lymphatic tissues. Inorganic arsenic may cause lung cancer,

Symptoms of Arsenieosls :
The symptoms of arseniCto:<:icllymay takc 8-14 years to be manifested in human body alicr the

patient starts drinkmg ar.,CillCcontaminated ,vater. The period differs from patient to patient

depending on the quantityof arsenic IIlgestcd,nutritionalstatusOflhe person, immunity leveland the

total timc of arsenic inb'Cstion,The apparentsymptomsof arscnicoslsmaybe said to have manifested
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themselves as melanosis and keralOsi~mainly. Darkening of ,kin (diffuw mclanosi,) in the body or

in the palm )S the earliest sJ'lllptom Spotted pigmentatton (spotted mcianOS1S)is usually seen on

ehest, baek or limh~. This is very common symptom. Combination of pIgmentation (melanosis) and

nodular rough skin (spotted palm planter keratosis) almost points to arsemc toxicity excluding

hundreds of causes of Isolated pigmentation and nodular rough skin.

Flow Chart 03: Arsenic Effect on Human Body.

ARSENIC

BY
Il\'GESTIO]'<,'

MAN

BY
lNHALATlON

Skin
Leisons

Respiratory
Effed

Neurological
Effect

Hepatic
Effect

Source: Ahmed, SA, 2000, Arsenic, Dhaka.

3.6.2 Social Problems due to Arsenic Effeet :

From different findings, it lS revealed that a number of so~ial problems am~ due to arsemc

pOIsoning of human beings, such as '

I, The affected persons bemg refused to colkct water from the neighbors' tube wells;

2. Thc afftx:ted persons being avoided or disappeared in the puhhe;

3, The affected children being debarred from attending schools, the adults discouraged 10 attend

offices, go shopping and some cases not to VIsitmedical professionals in the hospital etc.

4. WIth a(haneement of the disease, patienl~ being rendered mcapable of labouring/selling

labour and hence viclimized by poverty;

5 Affected young women being compelled to ~tay unmarried;

6, Diseased mamed women bemg sent back to their parents with children;

7, Eligible persons arc refused jobs when found to be sutTering from arscnieosis etc.
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CHAPTER: 04 ARSENIC CONTAMINATLON SITUATION IN BANGLADESH

4.0 Arsenic Contamination Situation in Bangladesh:

4.1 Causes of Arsenic Contamination:

Earher several hypotheses were put forward including onc that the arsenic compound~ "vere

released from the Tural electnfication poles. These were the sources of arsenic contamination of

undergrOlmd water, lnsccticides and fertlli,.,ers wcre also considered as thc sources of arsenic to

contaminate underground warer in thlS territory, Now it has been more or lcss generally agreed

upon that the source of arsenic contamination is geological with mobilization of arsenic due to

some geochemical processes.

In 1998 study by the British Geological Survey and Molt MacDonald Ltd, found it likely that the

arsenic sediment has bcen released mto the groundwater in some areas by a natural process

called "Oxyhydroxide Reduction". Thousand, of years ago, rocks rich in arsenic were eroded

from the Himalayas and other high.lying source areas and depoSited along with sands, gravels,

silts and clays in low-lying areas Ihose now make up West Bengal, in India and Bangladesh.

These arsenic-bearing sediments became buried over thousands of years, forming part of the

aquifers we are tapping today for our water resources. As time passcd, oxygen levels naturally

decreased and under thcse comiltlOns, the lron and manganese compounds dIssolved and released

the arsenic into the surrounding water. Thus the origin of arsenic m b'roundwater is most likely a

geological phenomenon,

Geologists cIte several other processes by which arsenic can be released into groundwater. The

process called "Pyrite Oxidation", for instance, involves iron sulfide compounds which contain

arsenic. These compounds dissolve upon contact with oxygen, releasing iron, sullide and arsenic

Into the surrounding \vater. Since there is little or no sulfide in groundwater in Bangladesh, this

process is not regarded to be a widespread occurrence in thIS country.

4.2 Brief History of Tube wells in Bangladesh:

Tubewells are not a new technology in Bangladesh. They are existed in this rebrion dunng the

British colomal era. When partition of India took place, in 1947, there were an estUnated 50,000

tubewells in East Pakistan (the fonner name of Bangladesh). By 1972, the Government had

constructed approximately 135,000 mbewells, At thIS time, there was abom one tubewell for

every 400 people in Bangladesh.
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Tubewell was an important source of pathogen-free dnnking water in Bangladesh .. Because her

surface water was contamlI1ated with bactena. Dnnking untreatcd or inadequately treated water

can cause cholera, dysentery and other water-borne diseases that can be fatal. Where tubewells

were not withm easy reach, people relied on surface water sourccs such as ponds. These were

usually fenced off and reserved for drinking purposes, ln some households the pond water was

treated eitber by addlllg alum (phitkiri), or by filtering water by passing It through layers of

gravel, sand and charcoal III a pot. The more affluent households could afford to have their own

dug-wells for drin~ing water

UNICEF's first major assistance to the water supply in Bangladesh was m response to a

devastating cyclone that hit thc rcgion in November, 1970; somc 10,000 damaged tubewells

were repaired. UNICEF continued to assist Bangladesh, initially providmg assistance on an

emergency food supply program after thc end of the War of Llberallon, m 1973, and thereafter

supporting long tenn iniual1ves by thc Government to provide safe drinking water.

4.3 Arsenic Occurrences in Bangladlosh ,

In this subcontinent, at first arsenic pollution was found in West Senb'lll in 1978 and the

>ymptom of arsenicosis on human bodies was identified at north and south in the diSlnet of 24

Pargana, at the samc time. In 1983, some arsenic affected people were identrl1ed at Barasat by a

skin speemlisl of the School of Troplcal Medicine (STM) in Indla. In 1992 scientists of thc

School of Environmental Studies (SoES) of Jadavpur University found the symptoms of

arsenicosis in the body of a woman of a village of North 24 Paragana. Later on it was known by

investigation that this woman had comc from a village of Satkhira 211a In Bangladesh. The

woman mformed that some of her relatives are also affected, The finding has created awareness

in Bangladesh about arsenic poisoning (Paul, 1998).

4.4 Extent of the Problem:

At present several departments of the government with assistance from mtemational donor agencies,

some NGOs, umversity departments and pnvate organizations arc working on arsenic problem and

althollgh there is a lack of standard17ation in their work (for example, some are using laboratory

methods. others are using kits for testing water) and exchange of information among themselves, an

overall gloomy picture has emerged, Judging from the scattered reports of many organization, have

found unacceptable level of arsenic in gronnd >,vaterfrom a vast majority of the dlstriets of the

country and a large number of patients suflenng and dying from arselllCOSISand its complications,
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Realizing thc situation 8065 tubewe1b Jrom 60 districts have been tested for the presence of

arsenic in lInderground water by Dhaka Commumty HospItal 10 collaboration ",,<jthSchool of

Envirorunental StudIes, Jadavpur University, Calcutta, In 41 districts watcr samples were found

to have arsenic above 0.05 mglL, the maximum permissible limIt, recommended by WHO, In

those 41 districts where arsenic concentratIOn crossed 0,05 mglL limit, 51% of the samples were

found 10 have crOS';ed that border. Area of these 41 districts is 89,186 sq. km Wlth a population

of76,9 milhon. At the prcscn! state of knowledge It can be sald thaI although not all tubewclls

are contaminated, theTe are thousands of pockets of contaminated underb'fOund water in at leas!

two thmls of the districts of Bangladesh and the people liVing there are at rcal risk of developing

arsenic tOXICosis(Alam, K. 2000).

DCH and SoES condllcted surveys for arsemcosls patients in 22 distncts and found paticnts with

arsenical skin lcisons in 21 of them. They exammed 5664 people in the alTeeted villages and

33,6% of them were diagnosed as patients 'Nith arsenical skin manifestations A total of 2167

hair samples, 2165 nail samples, 220 skin samples and 830 urine samples were analyzed and an

average of 94% of them were found to have arseme concentratIOn abo~e the nonnal limit. A

report from the National Institute of Prevcntive and Social Medicine [NlPSOM] ,tated that they

had more than 800 arsenicosis paticnts in their list At the skin department of IPGM&R 250

panents l-Vitharsenical skin 1cisons have been investIgated and treated, 11 is obvious that if

systematic surveys are conducted in all the districts where there is high level of arsenic in

underground water, more patients 'NiHbe found.

4.5 Arsenic Situation According to the National Hydro-chemical Survey (2000):

The arsemc contamination situation can also be explained with the statistics from the Nanonal

Hydro-chemical Survey The survey was conducted by the Ministry of Local Government, Rural

Development and Co-operatives, Department of Pubhc Health Engineering (DPHE) and the

British GeologICal Survey. The survey sampled 3534 tubewc1ls from all ovcr Bangladesh,

excluding the Chittagong Hill Tracts (Table-5).

According to the National Hydro-chemical SUfVey Repon 2000, arsenic affected areas of the

Ganges Delta are vast covering the 54 bias out or 64 (Map-3). The areas of these Zilas are about

87,390 sq km. and the population is about 71 mlliion that IS about 50% of the total population of

the country (Rahman, M. H., 19'J7). The biggest arsenie calamity in the world IScentered m seven

rustncts of Gangetic West Bengal and adjoining Bangladesh (Dutta, 1997). In 8 districts of West

Bengal out of 18, arsenic has been found in groundwater above 0.05 flgfL (mondal, ct. aI, 1997).
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Groundwater arsenic kvd exceeding the WHO recommended value (0.05 IlgiL) have been found

In 54 Zilas out of64 of Bangladesh (The NatlOnal Hydro-ehemlcal Survey Report, 2000)

Arsenic in shallow tubewe\l has been detected In almost all districts of Bangladesh. According to

the study conducted by the Department of Public Health Engineenng (DPHE) and British

Geological Survey (BGS), arsenic content of 46 percent of the shallow tubewel1 water exceeds

0.01 IlgiL (WHO Guideline Standard) and that of 27 percent shallow rubewells exceeds 0.05

mglL (Bangladesh Standard), In the acute aI:,eoic problem areas, more than 90 percent of the

shallow tubewelb have been found to produce contaminated water exceeding 0.05 mgIL of

arsenic, Arsenic cootent higher than 0.05 mglL has been reported in about 2 percent of shallow

tubewcll water in Bangladesh, Due to this, more than 7000 arseOlcosis patient have so far been

identified in arsenic affected. areas in Bangladesh (Rahman, et. aI, 2000).

Tablc-S: Arsenic Statistics from the National Hydro-chemical Suney

B Concentration Number % Tubewell A, . concentration L

<10 L 2045 58 2

10-50 L 606 17 25

50-200 L 566 16 103

>200 L 317 9 372

Total 3534 100 55

Source: Nationaillydro-ehemical Survey, 2000.

The survey showed that 25% of the tubewells sample contained in excess of 50 !-i-glLarsenic (the

Bangladesh dnnking water standard) and 9% of the tubewells exceeded 200 I-'gIL(Table-6).

Table-6: Arsenic Statistics from the National Hydro-chemical Suney, (2000).

Tubewell By Depth Number % Tubcwell Avg. c~,~~~~\tratiOIl

<15m 287 8 58
IS-30m 1180 33 76

Shallow tubewell 30-60m 1258 36 I 56

60"90m 317 9 33
90 J50m 165 5 45

Deep tubewell
lSO-20Om 32 1 7
200m 295 8 3
Total 3534 100 55

Source: National Hydro-chemieal Survey, 2000
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The maximum concentration of arsenic (7611g1L)is found m 33% of shallow tubewell within 15

to 30 m depth, On the other hand, mmimum concentration (33IlgIL) is found in 9% shallow

tubewclls within 60-90 ill depth (Table- 6). In case of deep tubewel1, maximum concentration of

arsenic (7!1g1L) is detected in 31 tubewells within 150-200 m depths (Table- 6). Moreover 54

Zilas out of 64 lIave found arsenic In tubewell \Ilater at more than permissible level (Table-7).

Table-7 : Compliance with Bangladesh Standard (SO ",gIL)

Number

~" >W Total

Divisions " "
,

ziln " " "'
U azila '" NO 433

Source' National Hydro-chemlcal Survey, 2000

Table-S: Compliance with Bangladesh Standard (IOJlgIL-)

<1~1,

Number
<tO~L

%

>," , TOTAL "" ~ TOTAl.

O",is;uns " " , " '00 W"
.il. " " " " .- W"
U a.ib " 394 m " "' '00

Source: National Hydro-chemical Survey, 2000

The findings on 'Groundwater Studies of Arsenic Contaminatlon in Bangladesh' conducted by

Ministry of Local Government, Rural Development and Cooperallves, Government of

Bangladesh (2000) are as follO'ws :
• All Zilas except Thakurgaon had at least one lubewell exceeding the \VHO standard;

• The minimum arsenic concentratlOn was found below lllgiL which IS mostly common in

northern parts of Bangladesh.

• The popldation exposed to arsenic from water exceeding the Bangladesh standard was

estimated 30 million (Upazila-average). Th,S is based on an estimated 1999 population (of

125.5 million for the whole of Bangladesh as projected from the 1991 eensus data).

• Few gro\llldv.'Uterfrom the Somh of the CO\llltry\,'ere arsenic-free (i.e. with less than .05IJ-giL).

• 54 of the 61 districts ;ample had at least one well with water exceeding 50llgiL. The worst

affected districts were' Chandpur (90%), MWlshigonj (83%), Gopalgonj (79%), Madaripur

(69%), Noakhali (69%), Satkblra (67%), Comilla (65%), Fandpur (65%) Shariatpur (65%),

Meherpur (60%), Bagerhat (60%) and Lakshmipur (56%), (Ahmed. S, A., 1000)

• The least affected districts were Thak"llTgaon,Patuakhli, panehagarh, Nilphamari, NalOre,

Lalmonirhat, Borguna, (all 0%), Rangpur (1%), DinaJPur (2%), Naogaon (2%), Gazipur

(2%). Cox's Bazar (2%), Bhola (4%), Nawabgan) (4%), Jhalakati (6%), Rajshahi (6%),

Gaibandha (7%), Tangal1 (9%) and Kurigram (9%) (Ahmed, S. A ,2000).
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Table-9: Percentage ofwclls in Different Arsenic Concentration Ranges in Bangladesh
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Map-7

BANGLADESH
Percffitaue of Sampled Wrlls witb
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4.6 Field Test Kits :

The scale of arseruc contamination and the need for pro"iding leedbaek to users of water has led

to the development of field te&ting kits by various agencIes, DPHE and NOO's carried out more

than 35,000 field tests in a six months period. UNICEF is supporting DPHE to promote a

consistent way to label wells as safe or lmsafc, by painting tbem ,,'Teenand red, respectively,

after testing.

UNICEF is also cooperating with a World Bank-fundcd Bangladesh Arsenic MItigation Watcr

Supply Project (BMfWSP) that is expected to screen tubewells m all 460 Thanas of the country.

UNICEf has procured an interim field test kit known as the MERCK kit, manufactured in

Germany. Abol.lt 2,000 kits have been dIstributed among the NOO partners for immediate

deployment in the field 660 kits to BRAC, 410 to Grameen Bank, 240 to Dhaka Community

Hosp,tal and 300 to the Rotary Club, Resl.Ills from thc field show that the MERCK kIt is

relatively reliable in indleatmg whether the water sample has arsenic below 20 ppb or above 100

ppb. To be on the safe s1de, tuhewells that contain arsemc bet"een 20-25 ppb arc also being

marked as red or as unsafe.

NEERI (1998) has carried out a detailed comparison of nve kits both 111the field and 111the

laboratory on behalf of WHO. UNICEF (1998) carried out a more limned evaluation of field test

kits, The five kits te;ted by NEERI were'

i) Asian Arsenic Network (AAN) kit from Japan' The kit is semi-quantitanve; It claIms

a detection range of between 0.02 and 0.7 mglL and costs about Tk. 1690.

ii) Merck kit from Germany: ThiS i; also semI-quantitative; it claims a detection liml! of

o I "rrnlL and cost Tk. 3,200 in the local market.

iii) Aqua kIt The qllalnative kit was developed in Calcutta for UNlCEF and

sl.Ibsequently put into commercial production Ihere. The kit claims a detection limit of

0.05 mgfL and costs about Tk. 2000

iv) NIPSOM kit: A locally produced modification "fthe AAN kit It costs about Tk 1000.

v) AIIH & PH kit produced by the All India Institute of Hygiene and Public Health, It IS

an improvement of the UNlCEFfAql.la kit, also with a detection limit of 0.05 mg'L

and probable cost orn. 840.
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4.7 Efforts in Mitigation of Arsenic Disaster;

Since 1996 d,ffcrent organizations including the government, NGOs and private orgamzal1ons

have come forward to study different aspects of the arseniC problem and find out ways of

combating against it. The government has formed a National Steering Committee with the Minister

of Health and Family Welfare as its chairman. Other govemment bodies involved in the arsenic

work are : Ministry of Local Government, Rural Development and Co-operatives, Mmistry of

Health and Family Welfare (MoH&FW), Economic Relations Division of the Mmistry of Fmance

& Planning Commission, Environmental and GeOb'r<lphlCInformation System (EGIS) for Water

Resources Planning, National Institute of Preventive, Social and OccupatlOnal Medicine

(NIPSOM), Department of Pubhc Health Engineenng (DPHE),and Institute of Po:,1graduate

Medicine and Research (IGM&R). International donor agencies have shovm their interest in the

arseruc problem The UNDP ha:. funded a Rapid Action Program (RAP) which has currently being

implemented jointly by the M:ini:,try of Health and Family Welfare and Dhaka Community

Hospital (DeI'l) 10 200 villages of the arsenic affected distnets, The UKICEF has provided field

test kits to DPHE. WHO invited arsemc experts to thiS country to work on the arsenic problem in

Bangladcsh Foreign missions like the Department of Foreign IntematlOnal Development (000)

Japanese International Co-operatlOn Agency (J1CA), Dcnish International Development Agency

(DANIDA), Canadian lntrigated Development Agency (CJDA) and the Netherlands have shovm

their willingness to take part in the fight against arsenic. Asia Arsenic Network (AAN) is actually

running a project in Samta, a remote village in thc western part of the count])',

4.8 Role of Organizations to Combat Arsenic Problem

4.8.1 Role of Government Organi7.ations:

Two surveys are bemg carried out With assistance of UNlCEF and the Briush Government. The
Project was launched in July 1994 with the sponsorship of World Bank

4.8.1.a. Arsenic Mitigation Project, Ministry of Health and Family Welfare:
They surveyed thc level of contammation in deep tubewe!1 watcr of two hundred villages in

43 Thanas of 21 Zilas, They identlfied 1082 patients having been affected by arsemc

(according to h'lPSOM this numbcr is 1593). Among them, 991 are men, 648 are women

and the rest are children, 19,787 mbcwclls out of 32,651 in these two hundred villages were

found having an excess amount of ar~enie.

4.8.1.b. Bangladesh Arsenic Mitigation Water Supply Project (8AMWSP), Directorate of

Public Healtb:

It has conducted tests of tubewell water in the laboratones in Khulna, Rajshahi, Co~ill~

and Mymensingh. A key component ofthc BAMWSP WlII be the use of community based
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demand driven projects, in which community members play an active role In choosing and

implementing solutions to the site-specific problems of arsenic contamination. The findings

up to the month of June 1998 showed that"

•

Number of tube wells Total examined

Number of tubewells contaminated by arsenic

4.8.1.c. 'Department of Public He:lIth Engineering ('OPHE)

24,964

5,333(21%)

Department of Pubhe Health Engineering (DPHE) initialed monitoring and water testing

actlVities in the adjacent border Zllas In 1993,
DPHE under a Techmcal Assistance Project procured 500 arsenic test field kits distributed to

Zlla and Upazila level. Till January 1998 a total number of 19,167 samples from hand pump

tuhewells have been tested by field test kits covering almosl the whole count!)' where 3,731

samples have shoVv"edpositive result.

DPHE is providmg various alternate options of >aredrinking water to the peoples of arsemc affected

areas and also conducting vanous research and development activities to mltigate the problem.

According (0 DPHE, alternate water supply options in arsenic contaminated areas arc as follows:

I. Deep Tubewell (Hand pump).

2, Pond water with sand filtration (PSF),

3 SanitaI)' RmgWdl (SRW)

4, Ram Water Harvesting (RWH).

5. Surface water treatment for Urban centers etc.

4.8.2 Role OfNGOs:

The follov"mg NGOs have taken imtiattves to mitigate the arsenic contamination in drinking

water ofBangladcsh

4.8.2.a. Bangladesh Rural Advanccment Committee (BRAC) :

BRAC has initiated some programs on arsenic. As a first step, BRAC mitialed two testing

programs. The mtensive one tested all the tllbcwclls of one Thana, Vvhereaccording to previous

information, the problem was said to be worse. The water-testing program lmtiated by BRAC

was Implemented in collahomtion with the DPHE Water test is a vital program of BRAC and

Hajigonj in Chandpur district was an extensive working area ofBRAC (Tllble-10).
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Table-10 : Survey Report by BRAe on Hajigonj Tubewells at a Glance, 1997.

Total Po ulation of the Thana 2,54,057
umber of Unions 11
wnberofVilla'es 156
umber oftubewelJs tested b ,field kits 11] 954
umber of tubewells contaminated with arsemc 11,095 93%

Number of villa es with all tubewells contamination 83 53%
umber of sam les tested's eetro botometer 193
ield test results confirmed b 's ctro hotometer % cases) 92

Source. BRAC, 1997.

BRAC is working in collaboration with UNICEF/DPHE and actively involve in community

assessing and mitigating the arsenic situation. It has launched projects enlltled 'CommWlity

Based Arsenic Response Project' in September 1998 and 'Action Research on Community Based

Arsenic Mittgation Project' in June 1999. It has worked under the Action Research Project on

Sonargaon Thana ofNarayangonj Zila and on Jhikorgaeha Thana of Jessore lila.

Tablell : Test Resultllllt a Glance

P:ilrameters
Total tubewells
Tubewel~inted red >0.05 'L)
Tuhewell inled [feen <0,05 L
Total % of red marked tubewells
Total % een marked tubewells

Source: Intenm Report, June-October 1999, BRAe.

,Jhikor aeba
2135
756
1379
35
65

The Project has selected the following alternative sarc water options for the above mentioned

arsenic affected areas: (a) Ram Water Harvesting (RWH), (b) Pond Sand FIlter (PSF), (c) Dug

well & (d) Safi Filter ete. Aceording to BRAe, all these alternative safe water options are not

feasible for every place or for every class of people 10 society. Therefore, it is required to

evaluate the viability, effectiveness and the acceptability of different water options.

4.8.2.b.OXFAM:

OXFAM is conducting its activities with a view to growing pubic awarencss on using safe water

and its management. OXFAM bas carried out surveys and presented demonstration in vanous

workshops regarding how water can be purified from arsenic. It has also provided the Calamity

Prevention Forum with monetary assistance in making a videocassette concerning the arsenic

issue. The Forum has publishcd a booklet with the financial aid from OXFAM on different

sources of safe and clean water. On counesy of OXFAM, several enjoyable but very brief
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programs have been broad custed both on TV and Radio to make the people familiar With the

arsenic problem, to make them active to set up alternative safe water opt1ons and to give lessens

about the uses of water from both contaminated rube wells and from natural sources.

4.8.2.c. Dhaka Community Hospital (DCH):

Dhaka Community Hospital (DCH) has launched so many programs from 1993 10 relation to

arsenic problem in Bangladesh, lts programs and achievements arc given below in brief:

DC" Arsenic Activities
(Period till Sept 1999.)

!. Number ofZilas SUNe ed , 64
2. Number ofU azilas covered for waler , 200
3. Number of villa e covered for water , 1,200

~
Nos. ofTW sam les collected , 15,000

~
Nos. of sam Ic more than 0.01 m , 61.9%

~
Nos, of sam Ie more than 0.05 , 45.6%

7. Total hair samples collected I : 3,342
at toxic leveL (89%)

8. Total nail samples collected , It 3,46
at toxic level , 98''/0

9. Total skin samples coHected , 373

to.
at toXIClevel. , (100%
Total Urine samples collected , 1,043

"""i1"":"
at toxic level, averaE!e , (92%
Number of ticnts identified , 2)00

12 Number oflilas surveved for , 28
13. Number ofTW found contaminated
~rsenie content <0, 0 1 DOm.) , 16,05%
114. Nos. lilas havin As. Cone, >0.05 m , 42 districts
115. Area of these lilas. , 89,186 . . km.
116. Po ulation of these Zilas , 76.9 million.
17. Develo in communit based Miti atlOnModel , 70 centers
18. An Action Researcb on Community based Arsenic

In One lJ~azilaMitieation Pro\!ram (With DCH-DPHE UNJCEF) ,
19. National Emergency Screening Program (BAMW ASP) Under

BAMWSP providing Training to Field Workers working in the
One U""nal

~
field emer,,~ncv arsenic miti:ation nro"ram ,
Developing DCH Model for arsenic miligatloll in community by

In3ViI~
I 21.

UNICEF and other ai..'Cncles ,
Testm water b field kit of Merck and arsenator , At field level

22. Organizing Conf arranging med'a coverage and taking part m , Natiollal1yand
arsemc related prorutgandas , Internationall

Source: DCH, 2000,

As a pnvate organization, Dhaka Community Hospital has been involved in the alleviation of the

arsenic problem from the very beginning. lt has conducted extenSIVe surveys, supportmg
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treatment of patients, traming programs for doctors and other health and community workers and

awareness programs Recently DCH IS engaged in implemenlmg the Rapid ActIon Program in

collaboratIOn v.riththc Ministry of Health and FamIly Welfare

Dhaka Community Hospital (DCR) Arsenic Programs:

At present Dhaka Community Hospital (DClI) i, deeply involved v.rith the arsenic problem in

Bangladesh.

I, Already implemented a survcy including 20,000 samples of water, hair, nail, skin and

urine test in 64 dIstricts with water contammated by arsenic and finding arsenieosis

cases due 10 arsenic polsomng in collaboration With Dr. Dipanker Chakraborti of

Jadavpur University oflndia

2, An international seminar on arsenic was orgamzed, 8-12 Feb 1998.

3, A national seminar on arsenic was organized, 6 Janllilry 1997,

4. House to house survey is going on in 500 villages on arsenic contamination.

5, National and International media coverage to increase global and local commumty

awareness.

6. Working to cstabhsh a laboratory (for environmental health hazards) and out patient

chmes for arscnicOSls

7, Training doctors, paramedics and health workers for arsenic mlllb'iltlOn.

8. DCH ha~ identified more than 4,000 arsenic-related patients. DCH has established 7 rural

arsenic climes in the affected areas and has established an arsenic referral clinic in Dhaka

9. DCH is conducting Emergency Arsenic Mitigation Programs in 500 villages in

different dlstncts of Bangladesh

4.8.2.d. National Institute of Preventive, Social and Occupational Medicine (NIPSOM)

NlPSOM has tested tube well water and found 44 arsenic affected 7;l1as out of 64 Zila m

Bangladesh. The affected Zllas are as follows:

Bagerhat, Borguna, Barisal, Bhola, Bogra, Bragamanbaria, Chandpur, Chittagong, Chuadanga,

Comilla, Cox's Bazar, Dhaka, Dmajpur, Faridpur, Fenl, Gaibandha, Gazipur, Gopalgonj,

Habigonj, Jaipurhat, Jamalpur, Jcssore, Jhalakati, Jhenaidah, Khulna, Kishorgonj, Kurib'fam,

Kustia, Lakshmlpur, Lalmonirhat, Madaripur, Magura, Manikgonj, l\.1aulavibazar, Meherpur,

Munshtgonj, Mymensmgh, Naogaon, Narall, Narayangonj, Netrokona, Nilphamari, Noakhah,

Pabna, Panehagar, Patuakhah, Plrojpur, Rajbari, Rajshahl and RangpuL
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4.8.2.e. UNICEF;

UNICEF has also played a vital role in arsenic mitigation thro'ugh its vanous programs in

collaboration with OPHE, BRAC, Grameen Bank ctc. Basically UNICEF providcs financial help

and technical assistance in waLer test, training and other mitigation imtiattves, The major

programs of UNICEF in relatIOnto arsenic problem are as follows:

UNICEF. DPHE National Testing Prognlm ' Analyzedaoout 30,000tests up to Jan. 10, 1999.
UNICEF _ BRAe Testing Program: Covered appox, 14,000 tubewells.
UNICEF _ Grameen Bank Testing Program: Covered appol<.2,000 tubewells,
UNICEF _ also supported procurement oflab supplies and traimng to build capacity oflabs,

UNICEF became aware of presence of anenic In groundwater when informed by WHO in late

1994 that arsenic comamination was suspected in ecrtam dIstricts along the West Bengal border

in Bangladesh. A Technical Assistance Project Proposal (TAPP) for a "Study m Arsenic

Affected Areas in Bangladesh" with UN1CEF assi,tance to OPHE was lmtiated in 1995 and

approved in 1996 Smce 1996, UNICEF has been providmg technical assistance to DPHE to

conduct a natiom,lde sample survey to determine the magnitude and extent of the problem,

UNICEF was the first international agency to fund such large-scalc water sample testing. Arsemc

testmg is now part of the standard testmg protocol, Jointly developed and adopted by DPHE and

UNICEF and is now done prior to all public installation of tubcwells m the country. UNICEF,

smee the mid- 1990 > has bccn workmg WIththe Government of Bangladesh and NGOs to first

gain a better understanding of thc cxtent of the problem and to find viable community bascd

integrated arsenic mibgation approaches that will provide the basis for scaling up in affected

areas.

UNICEF is supportmg activities on both national and local levels. The national program ineludes

the ongoing national testing program, provision of alternative safe water sources in 29

underserved, flood-affected and arsemc-affected districts, as well as survey to identity arsenic-

affected patients. Wlth regard \0 the local initiative in four Thanas, covcnng about 500 villages,

UNICEF, m cooperation \vith DPHE, has entered into partnership agreements \Vith the

Bangladesh Rural Advancement Committee (BRAC), Dhaka Community Hospital and the

Grameen Bank UNICEF WIll also be supporting thc Dhaka Community Hospital (OCH), in

trammg medical doctors and village level workers on the techniques of arsenic tcsting and

pabent identification. UNICEF contributes financial, technical and other assistance to thc safe

water supply and other programs. In eonc1uslon, as partners in the national rural water supply

and sanitation program ovcr the last 27 years, the Government of Bangladesh and UNICEF are
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committed to particIpate fully in effotts to combat the threat, and mitigate the effects of

pathogens, arsenic and other eontammant~ in drinking water of Bangladesh,

4.8.2.f. The World Bank:

According to the agreement between World Bank and l3angladesh signed on 21'( September,

1998, World Bank will give Bangladesh lJS$ 32.4 million to mitigate the arsenic contamination

problem in drinkmg water of Bangladesh.

4.8.2.g. NGO .Forum ;

NGO Forwn started detecting the presence of arsenic in ground water through its regional offices

since October 1997. It has tested 10797 water samples so far with the help of available field

testing kit. Out of this total number of tested samples, 2548 were found arsenic contaminated. All

these tests were conducted in 2882 villages in 257 Thanas of 58 districts Out of those tests 782

villages were found having arsenic above the permlssible limit. NOO forum has been

maintaining close collaboration with relevant government agencies (DPHE, NIPSOM, LOED

etc.), Universities, UN bodies (UNICEF, World Bank etc,), Donors, DPHE-DANIDA,

Bangladesh Arsenic Mil1gation Water Supply Project (BAMWSP) as well as with other NGOs in

relatlon to arsenic by shanng findmgs of its field level interventlons

NGO Forum is playmg a vital role in Bangladesh Arsemc Mitigation Water Supply Project

(BAMWSP) as a member of the steering committee as well as also in the implementatlOn of the

project including selection of partner NODs and CBOs for implementation in the selected area.

NGD Forum has developed and produced two po~ters and two leaflets on arsenic issue NGO

Fonnn has been disseminating research oriented information relating to arsenic and arsenicosis

through its monthly Bangia newsletter titled "PANI PRABAHO" and quarterly English

newsletter "WATSAN". NOO Forum is providing alternate water options including DANIDA's

Bucket Treatment Unit (BTU), Rainwater Harvesting System, Pond Sand Filter, Dug Well, etc to

the arsenic affected community, Recently NGO Forum offered training services to BAMWSP for

its 'Emergency Screening and Arsenieosis Palients Identification' program involving community

people at Singalr Thana ofManikganj Disrnct.

1n brief theJollowJng authorities have taken pan in dlfferent aspects of mitlgating the arsenic

contamination problem lO tubewel1 water in Bangladesh:

• School ofEnVlIonmcntal Studies (SoES), Jadavpur University, Calcutta:

• Depantnent of Geology, Calcutta University, Calcutta:
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Department of Goolob<icalSciences, University College, London;

Bntish Geological Survey (BGS), London;

UNICEF, Dhaka;

World Health Organization (WHO), Dhaka;

Regional Water Supply & Sanitation Group (RWSSG), World Bank, Dhaka;

Department of Geology, Dhaka UniversIty, Dhaka;

Department of Geology, RaJshahi University, Ralshahi;

Department ofChemlstl)', Jahangimagar University, Savar;

Bangladesh University of Engineering and Tcdmology (BUET), Dhaka;

lntemational Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B), Dhaka;

NGO Forum, Dhaka;

Department of Pub he Health Engineering (DPHE), Dhaka;

Dhaka Community Hospital (OCH), Dhaka;

Bangladesh Rural Advancement Committee (BRAe), Dhaka,

Nationallnstitute ofPrevcntive, Social and Occupational Medicine (NIPSOM), Dhaka

4.9 Alternative Sources of Safe Drinking Water in the Arsenic Affected Areas:

Principle of developing arsenic free alternative water options:

J. By avoiding arsenic contaminated water; By using of naturally arsenic-free water

(I.e. surface water, ground v,ater and rain waler).

2. By treating af!lenk contaminated tnbewell water: Arsenic contaminated water has

been treated in two ways: by usmg chemicals and by using natural material (sand,

l[on and chaIcoaJ).

An estimated 29 million people exposed 10 arsenic contaminated water exceeding Bangladesh

standard will urgently rcquire arsenic safe water supply. A shift from shallow rubewells to

alternative ",ater supply options has bceome essential m acute arsenic problem areas (Ahmed, F

M., 2000). Alternative water supply options include: "'3

• Groundwater from alternativc arsemc-safe aquifers

• Treatment of surface watcr

• Rainwater Harve:>ting
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4.9.1 Groundwater: •

Technological Options:

SUItability of hand-pump teehnolob'Y depends on b'fOundwater level, water quality and hydro-

geological condiuons of the area, Arsenic safe grOl.lndwater is generally found in shallow

aquifers in nortb-western region. Deep aquifers separated from shallow contaminated aquifers by

impermeable layers can be a dependable source of arsenic safe water The important alternative

water supply technologies include:

•
•
•

Shallow shrouded tubewel1 (SST) and Very shallow shrouded tubewcll (VSST);

Deep Tubewcll;

Infiltration galley

4.9.1.a. Shallow ~hrouded Tubewcll (SST) and Very shallow shrouded Tubewcll (VSST)

In many areas, groundwater wnh low arsemc content is available in shallow aquifers To get

water through these aquifers, an artificial sand packing is requITed around thc screen of the

tubewell, This artificial sand packmg, called shrouding,

TO\lIIDepth ""nos from
IO.15m

J""d-po",p

Platform

••••••••••••••••••••••••••••••••

Earll, Filijng

Vcry [one Sa""

s.n<J., Clay

3gmrn9PVC~lPO

These low-cost hand-pump tubewell technologies have been designed and installed in the coastal

areas to collect water from very shallow aquifers. The SSTNSSTs can be convenient methods

for v,1thdrawal of fresh water in limited quantities, The systems may be con~idered suitable for

drinking water supply for small settlements. The department of Public Heahh Engineering has

sunk a total 01'5,904 VSSTISST to provide water to 0,44 mllhon people in coastal areas (DPHE,

2000).

Figure 1 , Shallow and Very Shallow Shrouded Tubcwcll (VSST). (Source-Ahmed, M. f., 2003)
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4.9.1.b. Deep Tubewell:

The deep aquifers, the part of groundwater in Bangladesh, have been found to be relatively free

from arsenic contaminatIOn, In some places, the aqUlfers are separated by relatively impermeablc

strata. In Bangladesh two types of deep tubewclls are constructed manually operated small

diameter tubewell and large dIameter power operated tubcwells WhlCharc called Deep tubcwells.

The BGS and DPHE study has shown that only about 1% dcep tubewell having depth greater

than 150 in are contaminated with arsenic higher than 50!J-giL and 5% tubewell have arsenic

content above 10IlgiL (EGS and DPHE, 2001). Sinking of deep tubewells in arsenic affected

areas can provide safe dnnkmg water. Some arcas of the coastal region of Bangladesh are very

suitable for constructlOn of deep tubewell. Department of Public Health Engineering has slUlk a

total number of 81,384 deep tubewel]> mainly in the coa;,tal area to provide safc water to 8.2

mIllion people (DPHE. 2000).

4.9.Lc. DugWcll:

Dug well 15the oldest method of b'TOundwatcrwithdrawal for water supplies. The water of the

dug well has bcen found to be free from dissolved arsenic and iron even in locations where

tubewells are contaminated (Ahmed, 2002). The following explanations may bc attributed to the

low arsemc eontent of dug well water:

•

•

•

The oxidallon of dug well water due to its e:<posure to open alTand agitation during

water Wlthdrawal can cause precipitation of dissolved arsenic and iron.

Dug wells accumulates groundwater from top layer of a WaleT table which IS

replenished each year by arsenie safe raln and slIffaee waters by percolation;

Th~ presence of air and aerated watcr in well can o:<id,ze the soils around dug wells

and infiltralJon of watcr into wells through this o:<idized soil can significantly

reduce the concentratIOn of arsenic in well water (Ahmed, F. M., 2002),

DiJg well, are widely used in many countnes of the world for domestic water supply. Usuallyno

special cquipment or skill is required for the construction of dug wells, For constructIOn by

manual dlgg1Og, the wells should be at least 1.2 meters in d,ametcr. Large diameter wells may be

conslructed for community water supphes, Th~ depth of the well ISdependent on the depth of the

water table and its seasonal fluctuatlOns Wells should be at least I ill deeper than the lowest

waler table, A conventional dug well and a dug well ,,~th sanitary protection sunk 10 most

common SOlistrata in Bangladesh are shown in Figure-2.
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Dug wells ar~ not successful in many ar~as of Bangladesh having thick impermeable surface

layer. In areas with thick clay soil, dug wells do not produce enough \vater to meet the

requIrements. Again In areas having very low water table, there may be dIfficulty in construction

as well as withdrawal ofwaler.

Weakne5ses of Dug Wells:

I, Risk {~~bacterial contamination is high if It is unprotected,

2. Collapse of well may be a problem of dug well,

3 Well may dry up or produce less water during dry session.

4, Dug well may not be a good option where water table is very low dunng dry session.

5. Dug well can only be constrl.lctcd dunng dry seSSlon (Mid March to April)

.'••.'.'.',' ••,' " , ' ,','-:,:-:

(a) Conventional Dug Well (b) Well with Sanitary Protection

Figure-2: Conventional and Sanitary Protected Dug Wells.

Source: Aluned, M. F., 2003,

4.9.l.d. Infiltnltion Galley !Well:

Infiltration Galleys (10) or wdls can be constructed near perenmal rivers or ponds to collect

infiltrated Sl.lrfacewater for all domestic pl.lrposcs Since the water infiltrated through a layer or

soil sand, it is significantly free from su>pended impurities includmg micro-organisms usually

present III Sl.Irfacewater. Again, surface water being the mam source of "''liter in the galley!wel~
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it is free from arsenic. If the soil is impermeable, wcll graded sand may be placed in bctween the

galley and surface water source for rapid flow of water as shown in the (Figurc-3),

-- Pond or
:::=, River Waler :::=:==-.. --
=:::-:-:.:.:-=.:-=-;-:-;-=-:-:-==::.
:::,::::::=:::=:=:::=:=:::=:'::-.
=::::::::::::=::=:::::=.:.- -----------

TubcwelJ to Withdraw Wat.,

TnfillTalion Galley

Figure-J : An Infiltration Galley by the side of II surface water source.

Source: Ahmed, M. r., 2003

4,9.2. Surface Water:

4.9.2.a. Protected Ponds

A protected pond in a community can provide "'later for drinking purpose WIthminimal treatment

and for other domestic uses ••••'ithout treatment. TraditIOnally, rural watcr supply, to a b'Teatextent,

was based on prote<::tOOponds before and during early stage of installation of tube well. There are

about 1,288,222 ponds in Bangladesh having an area of 0.114 he per ponds and 21,5 ponds per

mauw (BBS, 1997) About 17% of these ponds are derclict and probably dry up in the dry

season, The biolob~eal quality of water of these ponds is extremely poor due to unhygienic

samtary practices and absence of any sanitary proteclIon. In order to maintain good quality of

water, a protected pond should not receive surface discharges or polluting substances and should

only be replenished by ram and groundwater infiltration.

4.9.2.b. Pond Sand Filter

It is a prospective oplIon for development of surface water. It is the constructlon of community

type Slow Sand Filter (SSFs) commonly know'll as Pond Sand Filter (PSFs), It is package'type

Slow Sand Filter Unit devcloped to treat surface water. Slow Sand Filters arc installed near or on

the bank of a pond, which docs not dry up in the dry season. The water from the pond ISpumped

by a manually operated hand tubeweH to feed the filter bed, whieh is raised from the ground. The
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treated water is collected thrOllgh tap(s). [t has been tested and found that the treated water from

a PSF is normally bacteriologically safe or Wlthm tolerable hmits,

.,',." ,." ....-•...•' •..' ..,.,'.' .., ,'.','.'

Surface
Waler

Sand FEller

Co~Borehol

Under Dra"",se Sy>lem

U1iIldpump for waler
supply to filter

Figure-4 : Pond Sand Filter for Treatment of Surface Water.

Source: Ahmed, M. F., 1003.

The program initiated by DPBE with the construction of20 e:<perimcntal units in 1984 to utilize

low saline pond water for water sllpply in the coastal area, It serves 200.500 people per unit. The

PSF IS being promoted as an option for water supply in arsenic affected areas. By June 2000,

DPHE has installed 3,710 units of PSF. The PSF is a low cost technology \'\1th very high

efficicney in turbidity aod bacterial rcmoval. It has received prefcrence as an alternative water

supply system for medium size settlemerrts in arsenic affectcd areas, On average the operating

pcriod of a PSF between cleamng is usually two months, after which thc sand in the bed needs to

be cleaned and rcplaccd The drawing of a tyP1CalPSF 1Sshown in the Figure-4,

Selection of the Pond:

Pond should be selected based on the following criteria:

L Pond shol11dbc clcaned and protected in all aspect;

2. Pond should not be used for fish culture;

3 Pond should not be linked with other water sources,

4. No latrine or no garbage pit within 30 m of the pond;

5. Pond will not Ix: used for any type of washing (livestock or other domestic uses);

6. Pond will not bc over flown during flood;

7 Pond should have enough water during dry season.
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Raw Waler

The major limitations ofPSF are mentioned bellow;

It is difficult to find an appropriatc/reserve pond for Instal1ation of PSF;

2. Operation and maintenance are difficult;

3, Not suitable for heavily contaminated ponds;

4. People complained offoul taste in pond water and may resort to use it for cooking only;

5. Conflicts wlth fish culture;

6. Many ponds dry up in the dry s=on in some parts of the country;

4.9.2.d. Household Filters:

Surface water containing Impurities can be clarified by a pitcher filter unit or a small sand filter

at the houschold level. It is an old method of water purificallon, once widcly used In rural arcas

of Bangladesh, These processes of water treatmetll at household level have been phascd out with

the introduction of tubewells for "illagc water supply. Pitcher filters are constructed by stacking

a number pitcher (Kalshls), one above the other, containing differenl filter media as shown in the

Figure-5. Raw water is poured in the top Kalshi and filterl:'d water is collected from the bottom

onc. In this process, water is mainly clarified by the mechanical staining and absorption

depending of the \)opeoffiltcr media used.

Small household filters can be constructcd by stacking about 300-450 mm thick well graded sand

on a 150-225 mm thick coarse aggregate in a cyhndncal container as shown in Figure-S The

container is filled with water and the filtered water is collected from the bottom,

The pitchcr and other small houschold tllters cannO! completely remove micro-organisms If these

are present 10 large numbers in raw watcr.

Support Suucwrc

ilterMedium_l

Filler Medium-2

Filtered Water

Fij!;ure-5: Pitcher (Kalshi) Filter:

Source' Ahmed, M. F., 2003.
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The important charactenstics of household filter are: ,•.

• Suitable for !mrface water treatment;

• Remove turbidity, color and mlcro"organisms,

• Complete removal ofpathogcnic micro-organisms ISnot guaranteed;

• Not sUItable for high-turbid water;

• Difficulty in cleamng and keepmg the system operational

4.9.2.e. Safi Filter:

Sail filter is a household filter in system developed by Professor Sayeed Safiullah of

Jahangimagor University, It works for filtenng the arsenic contaminated watcr. One small unit

fitter is designed to filter 40 liters of water per day, Desib'll was done for the need of one family

The filter eompriscs of two concrete buckets of ditTerent sizes, one of which placed inSIde the

other, The upper bucket is filled with arsenic contaminated water which then flows through a

permeable cover and IS collected in the lower bucket where it IS stored, The candle is prepared

from a chemical mixture of laterite SOli, ferric oxide, manganese di-oxide, aluminum hydroxide

and mezoporous silica

Cost DCH Installed two types of Safi filter. One is small umt, whIch filtering capacity is

40L/24hrs and other is big, which liltering capacity IS 120Li24hrs. Co<;tfor the small unil is Tk.

900 and big unit cost Tk. 3,000 for 3 families

Weaknesses of Safi Filter:

I. Arsenic removal capacIty is no! salisfactory.

2 Flow rale ISlow, ",h'Ch can not meet the demand ofa famIly

3. Not available in the local market.

4.9_2.f. DPHE-DANIDA Filter:

DANIDA wilh DPHE has developed arsemc removal home based filter, II is chemical treatment

filter for removmg arsenic. The technology of this filter i; simple

Cost: DCH has mstalled 35 unit filter. Per unit cost is Tk, 3,50. Onc filter can use one family.

Chemical cost per month Tk. 10.

4.9.3 Rain Water Har"'\lesting

4.9.3.a. Rain water availabilit)-.

Rainwater is an altemalive source of water IIIBangladesh Relatively higher rainfalls occur in the

Eastern part of the country and highest rainfalls occur in North-Eastern region and Eastern part
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of the coastal area. The low rainfall, less than 1,SOOmmper year, occurs in the Western part of

Bangladesh. In the coastal and hIlly areas \,y'ithgreater intensIty of fresh water source problem

have higher rainfall, \I'hlch is favourable for rainwater harvesting

A 12 year rainfall pattern based on the mean rainfall intensity recorded in 28 stations for the

penod from 1987 to 1998 IS shown in Figure 9 (BBS, 1999). 1t appears that the average yearly

ramfal1 in the country dnnng 1987-96 varied from 1950 to 2900 mm In many countries in the

world having half the ramfall of Bangladesh are practising rainwater harvesting for water supply.

Map: 10
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C:J < 1500 mm

1.:.:.:-:.:11500-1S00mm

t-;_nm1 t800-2106 mm

IIIIIIIIIIIl 2100-2400 mm

~ 2400-27UO mm

CJ 2700-3000 mm

_ >3000mm

BANGLADESH
Distributilm of Rainfall.

BAY OF BENGAL

Source: Rashid, H. Er., Geography ofBangJadesh, Dhaka.
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Figure-6: Variations of Annual Rainfall in Bangladesh

Source: Ahmed, M. F., 2002.
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Fill;llre-7: The Monthly Distribulion of Rainfall in IINormal Year.

Source: Ahmed,M. F, 2002,

4.9.3.b. Rainwater Calchments lind Rainwater COUcetiOD:

The catchment area for rainwater collection is usually the roof, which ISconnected WJtha gutter

system to lead rainwater to storage tank. Rainwater can be collected from any types of roof but

concrete tiles and metal roofs give cleanest water The C I sheet roofs commonly used in

Bangladesh perform well as catchments areas, [n Bangladesh 48% of the households have C[

sheet, tiles and pucca roofs suitable for the collection of ramwater (BES, 1997). Plastic pipes are

set along the margin of the roof let to fall rainwater and to collect it in reservoirs. About 25% of

the rainwater may be assumed to be lost by evaporation and for washing the catchments, area

using firSI rain that produces inferior quality rainwater (Ahmed, M.l' , 1999).
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4.9.3.c. Quantity of Rainwater:

Thc average yearly rainfall in thc country varies from 1900 to 2900 mm. However, there are

~ome losses in the collectlOn system and a part of the ramwater IS used for washing of the

catchments, area, The available rainwater can be estimated by the equation

Q=CIA
Where Q is the tOlal quantity of rainwater available in mJ/year, and A is the catchments area in

m2 (Ahmed,M. r., 2002) Spatial vanatlOn of rainfall in Bangladesh is quite high, Lowest rainfall

less than 1500 mm occurs in the western part of the country and the highest rainfall exceedmg

4000 mm occurs in the north-east of Bangladesh. Therefore. the reqUlrements of ramwater

harvesting would vary from place to place depending on the total rainfall and it.'>dlstnbutlon over

the whole year,

4.9.3.d. Storage Tank;

The unequal distnbutlon of rainJilll over the year requires storage of rainwater dunng rainy

season for usc in the dr)' season, The ffilnlmUm volume of the storage tank V, required for

rainwater can be computed by the cquallon (Ahmed, M F" 2002):

V = O.36Sfq N
Where f lS the fractlOo of water rcql.lired to be stored for consumption of lotal available rainwater

at a constant rate throughout the year. The total annual rainfall in 1996 as sho"Tl in Figure-8lS

approximately equal to the average annual rainfall of the last 12 years The ramwater availability

mass curve assuming and cumulative consumption/demand of tOlal aYailable rainwater at

constant rate is also shown in Figure-8.
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Figure 08 Rainfall Intensity, Cumulative Rainwater A,'ailability IIDdDemand.

Source: Ahmed, M. F, 2002
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The mass curve has been prepared eonsldenng the fact that 75% of the rainwater would be

available. It mav be observed that there is a shortfall 01'0.48 mJ in the dry periods and an excess
of 0.24 m' dunng rainy season, for full utilizatIOn of rainwater potential, a storage tank of
capacity 0,72 m' that is 40% ofthc aVallablerainwater is required for uninterrupted water supply
at a constant rate throughout the year. However, if only drinking and cooking water 1S harvested,
the sizes of the storage tank and catchment area would be smaller and within affordable range a

family (Ahmed, M. F., 2002).

4.9.3.e. Quality of Rainwater;
The qualJtyof rainwater is relatively good but it is not free from all impuritics. Analysis of stored
rainwater has shown some bacteriological contamination (Ahmed, M F., 2002). Cleanliness of
roof and storage tank is critical to maintaining good quality of rainwater. The first run off from

the roof should be discarded to prcvent entry of impurities from the roof If the storage tank is
clean, the bacteria or parasites carried "lth the flowing rainwater ",ill tend to dIe off, Some
deVicesand good practices have been suggested to store or divert the first flow, cleaning of the
roof and b'Utterat the beginning of the rainy season and their regular maintenance are very

important to ensure better ql.lality of ramwater. The storage tank requires cleaning and

disinfecting at least once in a year,

4.9.3.f. Rllinwater Harvesting; Advantages and Disad,'antages ;

Rainwater harve,tmg is being seriously conSIderedas an alternative option for water supply 10

the arsenic affected areas in Bangladesh. The main advantage, and disadvantages of a rainwater

system are b'lwn below:

Advantages:

•

•

•

•

•

The ,ystem is independent and suitable for scattered settlements.

The quality of nunwater is comparatively good.

Local materials and craftsmanship can be used in construction of rain;vater system.

Easy to maintain by the o\~lIerluseL

The system can be located very close to the consumption pomts.

Disad\'antage ;

•
•
•

The initial cost is high to setup the system

AvaIlability of water depends on the rainfall intensity and available roof area.. .
The poor people may nol have a roof suitable for ramwater harvesting.
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• Mineral-free ralllwater had a flat taste, \Vhichmay not be liked by many.

• Mineral-free water may cause nutrition deficIencies III people who are on mineral

deficient diets.

4.10Strategic Plan for Arsenic Mitigation in Bangladesh:
A stratcglc mitigation plan is formulated and approached to thc government of Bangladesh. The

main elements of the plan are:

1. Establishment of Standard Values for Anenic in Groundwater:

Considering the Widespread occurrences, scarcity of alternative safe water sources

and technical capabilities in measurement and arsenic removal, the guideline values

for Bangladesh may be recommended as follows:

Desirable Concentration <001 mglL

Maximum Al10wable Concentration 0.05 mgiL.

Unsafe Water > 0 05 mglL.

2. National Surwy :
A nation-wide survey should be conducted to achieve the followmg goals.

• Test of the quality of water of all tubewclls

• Delineation of the population exposed to arsenic contamlllation.

• ldentification of all arsenic affected people.

• Preparation of thc maps showmg the hot spots in respect of contamination of

groundwater.

3. Provision of Safe Drinking Water:

The possible options for Ihe provision of safe drinking water include:

•

•

•

•

•

•

Identification of safe and unsafe tubewells by markmg green and red colour

respectively.

Installation of tubewells in alternative aqUifer producing water with low arsenic

content.

Installation of community type treatment plants Protected ponds may provide

safe water with minimal treatment.

Rainwater harvesting should be greatly encomaged as an alternative as well as

supplementary water supply system.

lnstallation of community type arsenic removal plants attached or close to the

tubewell to produce good quahty water.

Development and installation of household level arsentc rcmoval units are

encouraged.
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4. Provisioo ofTre:.ltmcot aDdMedical Care;

In order to reheve the arsenicaffectedpeople of me painsand agony, it is essentialto:

• Provide medical and health care for seriously affected patients in health centres an

hospitals.
• Organize symptomatic treatment such as skin care, providing vitamins and

nutritious food etc,

5. Awarcness Building:

People are to be made aware to:
• The possible health e(fects of drinking arsenic contaminated water as well as

unsafe water from unprotected sources.

• Symptoms of arsenic contammation and possible places to seek help.

• Necessity of water test from a laboratory.

• Alternative sources of safe watcr good hygIenic practices.

6. Strengthening Water Quality Surveillance and Monitoring Capabilities:

Regular examination of quality foIlowmg national water quality survey is needed

through strcngthening of the local/regional water quality monitoring and surveillance

capabilities.

7. Building of Capacity though Training:

Appropriate and comprehensive training programs are to be developed with the

followmg targel<;:

• Development of skills of the doctors and health workers to dmgtlose cases of

arsenic poisoning.

• Enhancement of the knowledge and skills orthc engineers, hydro-geologist, NGO

workers etc. 10develop ahernativc safe water supply systems,

8. Establishment of National Database and Information Centre:

Establishment ofa national database and information centre for arsenic contamination

of drinking water and resulting arsenic toxiCIty through proper documentation is

essential.

9. Strengthening of Arsenic Measurement Capabilities:
• Vehicle mounted mobile laboratories equipped with arsenie measurement

facilities can help extendmg arsenic testing services closer to the communities.

• Development of reliable field test kits and standardization of procedure of tests

are essential.
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10. Establisbment of Appropriate ResearchfStudy programs:

The following research programs may be launched:

• Establishment of relation between arsenic ingestion and manifestation of

symptoms of arsenic related diseases through extensive study in the affected.

• Assessment of clinical manifestations,

• Efficacy of drugs and othcr methods of treat menI.

• Development of techniques of reliable arsenic detection, measurement and

improvement.

• Identification of source of contaIlllnation, mode of propagation and hydro-

geological conditions

• Alternative surface water based water supply options.

• Rainwater harvesting, storage and safe uses,

II. International, Inter_Disciplinary and Inter-organizational Co-opel1llion :

It requires:

• International collaboration and co-operation to exchange experience.

• Co-operation among the government organizations and ministries

• Collaboration and co-operation among professional groups.

• Close co-operation among government and non-government organization.

Source: Ahmed, M. F., 2000, Bangladesh Environment 2000, pp 165-170.
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CHAPTER: 05 GEOGRAPHICAL DESCRlPTlON OF THE STUDY AREA

5.0 Introduction:

Geographical description of the study area, anothcr literature of the thesis, has been taken from

some books and journals 10 focus the various aspects of the study area such as location,

boundary, area, populatIOn density, climate, communication, cconomic activitics ctc.

5.1 Case Study: Kachua

Kachua Thana is situatcd roughly with in 23~15' North latitude Lo 23°24' North latitudc and

bctwecn 90°44' East longitude to 91°01' East 10ngiLude under thc district of Chandpur. It is

located about 25 miles North-East corner of Chandpur town and about 80 mdes South-East

corner of Dhaka city on the way to Comilla. Kachua, the study area, is connected by a paved

road with Chandpur and Dha"ka-ehittagong road (Map: 11).

Map-ll

KACHUA UPAZILA
cnAIiDPl'lllll>TRICT

s.:.u,.,,~:BBS, 1991, Bang!ad"'l1 P••pulali ••n C•••,u. 1991, Zila-ellandpur
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Kachua, the study area, is bounded by three Thanas of Com ilia district namely Chandina, Bamra

and Daudkandi and by three Thanas of Chandpur district namely Matlab, Hajigonj and Sharasti,

Elaborately, Kachua is surrounded on the North-East by Daudkandi, North West by Matlab, on

the South and South-West by Hajigonj and Sharasti Thanas,

The population ofKachua Thana IS 2,93,683 and out of thIS, the male and female population is

145956 and \47727 respectively. The male-female ratio is 100: 101 where as the national

standard is 100: 106 (Bangladesh Population Census 1999, Vol-2,). The total area of Kachua

Thana is 235.6\ sq, km, and the population density is 1246 per sq. km On the other hand, the

total households in the study area are 50262 and denSity of the household is 213 per sq. lon,

There are 12 Unions and 245 VIllages in Kachua Thana. The Unions arc Ashrafpur, Bitara, Uttar

Gohat, Dakshin Gohat, Uttar Kachua, Dakshin Kachua, Kadla, Karaia, Purba Pathair, Paschim

Pathair, Purba Shahadcvpur, Paschlm Shahadevpur,

The climate of the study area, Kachua Thana, may be described as mild, equable and humid,

Winter IS cold and summer is hot here, The vvinter stans from November and ends till the end of

February. The hot season is found from March to June The ramy season continues from mid

June to September,

The mean winter (November to Fcbruary) temperature is about 71° F, The summer season begins

with strong North-West vvinds in the first week of March and continues up to June, Generally

June is the hottest (83.6"F) month. The mean temperature (82.6" F) prevails from March to

October. Temperature is generally uniform during the summer season.

Rainfall plays an important role to provide water in the ponds, soil and sub-soiL It also enriches

the aqwfers, The rain usually starts in April and continues up to October. But the rainfall is not

uniformly distributed throughout the year. The dry season prevails from November to Februaty.

The average rainfall is only 2.78" in the dry season. Therefore, soil moisture defiCIency is felt

and irrigation is necessary. In lhis season, ponds become waterless, often hand-tubewells become

inaetlve and scarcity of water prevails almost every where in Kachua, From the month March to

May, when 17.43 inches of rainfall is received, the dry season prevails. As the result of the

rainfall, the ditches and the ponds become the sources of water for bathmg, washing and for

other purposes in the study area.

The maximum rainfall occurs in the month of June, July and August, when the South-West

monsoon vvind from the Bay of Bengal containing heavy moisture passes over the region. The
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monsoon season lasts for five months from June to October. 53.65 inches rainfall occurs in this

season which is 72,7 percent of the IOtal rainfall for the year (Rashid,H.Er., 1991), Due to the

heavy rainfall, water surplus is experienced during this season. People collect rainwater

traditionally and use for different purposes like drinking, cooking, washing etc, Recently some

advanced technologies arc going to adopt to collect and storage rainwater at a large scale.

Rainfall also occurs during sudden climatic depression which lasts for a fcw days. In this time,

the low lands, ponds and ditches IIIKachua become partially fulfill with water. The abundance of

vegetation in Kachua in directly rc1atcd to the physical and chmatic Condltlon, Heavy and wen

distributed rainfall in combination WIth sufficient heat and good soil is responsible for the

greenery surfacc of the Kachua Thana. There are different varieties of fruit trees in Kachua

Thana and the most common tress are mangoes, Jack fruits, coconuls, guavas, bananas etc.

Natural vegetalion and cullivation 10 the region give the expression that the inhabitants make the

most economic use of their precious land.

Kachua Thana, the study area, is connected by bock soling road I,..ith its surrounding Thana of

both Camilla and Chandpur districts. Moreover, every corners of the Thana have easy access by

motorized and non-motorized transports, The common means of transportation within the Thana

are Bus, Baby Taxi, Tempo, Rickshaw and Bicycle. Although Kachua is a Thana, but its infra

structure specially its road network is developed enough. Elecmcity is provided in each villagc

of the Thana

The means of maintaining life of the inhabitants ofKachua Thana is primarily agriculture. Although

rain and other cl1matic factors dictate the rhythm of agncultural operatlOns, modem technology is

followed to cultivate land and to other agricultural sectors. Cultivation of rice is the most important

agricultural ac!JVlIyin Kachua Potato, pulse, onion etc are also grown ill this region,

Non-agricultural activities are expanding in the study area due to the rapid development of

communication network. The NGO's are pla)~ng important role to enlighten the people to make

them active and to reduce the environmental problem specially the problem of arsenic

contaminaTIon in tubewell water.

5.1.1 : Union-wise number of population, households and tubewells in Kachua :

The total manber of working tubewells in Kachua Thana is 17787 (GB, 2000) (Action Research on

Community Based Arsenic Mitigation Project, July 1999 to August 2000). So it can be said that

llbout 2,8 households in the study area depend on a single tubewell to obtain water (fable-12).
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There are 245 villages within 12 Unions in KlI.Chua Thana of Chandpur district. So each Union

has 1482.25 tubewells IIIld each village has 72.6 tubewells on an average. Union-wise number of

population, households and tubewells in the Kachua Thana of Chandpur district are given in the

Table-12.

Table-12 : Union-""ise number of population, households and tubewelb in Kacbua Thana

ofCbandpur District.

Union, T••• Hoo. Popullltion Population T." No. of No. of N. "
.•.•••.•.In ". dtn,lty numbtr T•••••• household -,''q. km. (Ptr ., ,. depend ,.,..,

"'I. km.) tnbewtll5 .,. ••• 00 •

""'. •,agle .-TubewclL "' ....•
Aoh",~ or 23.36 "" 27775 1189 2381 '" 2,08 "Bitan 29.61 m. 32646 1103 ,,~ " 3,29 "lJttarG-oblt 14.60 362& 2Ll05 1459 1835 '" 1.98 "O.bhin Gob.t 1448 3828 21134 ,~ 1727 '" m "Vtt.o.rKiehu. 1659 3616 20927 1261 '" " 3.97 "DaJahia Kaehn 13,54 3458 21024 '" UM " 2.57 ••
Kadla 2697 5218 31487 1167 1916 " ,.n ••
K'ni. 2925 '"'" 3&635 1321 2437 " ViS ••
Pam.. Path.,r 16,91 3613 20119 "''' '" " 4.11 "P=h,m Patha,r lUI '"'. 1&738 1265 '" " 4.14 "Pum. Shad"" Dr "" ,.., 18593 ,~ '" " " "Puhrhim Shad"" ur 1&.57 "" 21300 1147 II Ll '" '" "T••• m.6t 50262 293683 '''' 177117 " " "
Source: Field Survey, 2000.

Table-13 : Union-wise number of Hou!leholda and Water Sources in KachUIiThllDa of

Cbandpur District.

ToW T." Tntal T•••• ToW T••••
Unln"" numhtrnl' uumbernf lI.umbtr of numbtr of n••mberor II.nmbti'nl'

HOU3C bllld, Tubnvello Poudo Rive~c.....h To Wdb
Ash•.•.f ur ..,' 2381 no . , "Bib. •.•. 5250 ,,~ '" . , "Utb.rGnb.' 362& 1&35 '0; . , '"Daluhin Goh., 3&28 1727 " . . ,
Utt.o.rlUrk ••• 3616 '" ;"" " . "D.o.kIhinlUck••• 3458 "M "" - , ""' .•. 5218 1916 ,m , " ,
Ka•.•.ia '"'" NO' ,~ - , "Paro.. Pathair 3613 '" "" , . ,
Puchim P.thair "'" '" "" " . ,
Parh. SIwI "' 3407 '" M' - , ,
p•••hchim Shad "' "" 1113 ", , , ,
ToW 50262 17787 ,~ .., " '"
Source: BBS, 1991, Bangladesh Population Census 1991, Zila : Chandpur, pp 170-173.
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5.1.2 : Union-wise number of Households and Water Sources in Kachua :

There are 7400 ponds m the Unions of Kachua Thana of Chandpur District and their

distributional pattern is shown in the Map-U.

5.2 Altrrnative Safe Water Options in Kacbua Tbana of Chandpur District:

Different governmental and non-governmental organizations have launched their programs of

strategic mitigation plan in the arseruc affected areas of Bangladesh for its remedy. In the

Kachua Thana of Chandpur district, Grameen Bank and Department of Public Health

Engmeering (DPHE) are playing vital role through thcir massive programs in the study area

including tubewell water test, marking the arsenic affected tubewells, finding arsenic affected

patients, gtvmg them treatment and providing safe water options etc.

Grameen Bank and DPHE have provicicd safc water options to the people of the study area They

have taken programs to treat groundwater in an acceptable level and to find out an easy and wen

acceptable way to treat arsenic contaminated tubcweH water The safe water options provided in

the study area by the Grameen Bank and DPHE are dIscussed below.

Pond Sand Filter (PSF) :

DPHE with funding from UNICEF has installed Pond Sand Filtration units in Kachua into which

pond water is fed using a hand-pump. These units are called Pond Sand Filters (PSF). PSF

technology is also considered appropriate for areas where ground water is contaminated with

arsenic. Grameen Bank and OPHE have provided alternative safe water options. Photograph of

Pond Sand Filter have l,>lvenin the appendix (Appendix-OJ). In Kachua, there are a number of

big ponds that contam suffiCient water round the year. But hardly any of them fulfilled all the

conditions needed to construct a PSF. So they constructed 10 PSFs beside 10 ponds in total

(Table-l4).

Table-14: Village-wille PSF list

SI. No. Union Number ofPSF
1. Uttar Kachua I
2. Dllkshin Kachua I
3. KOrovll I
4. Sachar I
5. Dakshin Gohat I
6. A,rn " I
7. Kadla I
8. Bitara I
9. Pathair I
10. Shadev " I

Source: GB, 2000, Report of Action Research on Community Based Arsenic Mitigation Project.
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Different Home-based Arsenic Removal Sand Filters:

Grameen Bank has installed three different types of home-based sand filter lJke Pitcher Filter,

Chari Filter and Two-bucket Filters (Table-16). All these filters work on slow sand filtering

system. ThIs technology is proved very effective to remove arsenic. Water simply passed

through different layers of brick- chips and sand in both Pitcher and Chari Filters. Grameen Bank

has distributed more than 1500 sets of these filters. These are cheap, easily potable and can be

maintained by individual persons or families. Pitcher Filter and its running stale are also sho."",

in the photograph (in the llppendix-llJ).

Rain Water Harvesting (RWH):

Rainwater is safe for drinking if it is collected appropriately. Bangladesh receives abundant minfall

throughout the year, mean annual precipitation ranging from 1,400 mm (about 55 inches) along the

country's cast ecntml border to more than 5,000 mm (200 inches) in the far North-East. A fiunily of6

in Bangladesh needs about 30 hters hygienically safe water everyday for drinking, cleaning and food

preparation A 20-day dry period requires approximately 100 liters of stored warer. To mitigate the

demand of water, Grnmeen Bank has constructed 162 ramwater harvesters m the study area for

community lI5C(Table-IS). From:May 2000 all of the 162 RWHs are working. The drawback of the

technology is that rainwater IS available only for a few months of the year, Fresh rainwater tastes

good and is the safest for human body, But collection of rainwater in the proper way and preservation

of this water for a longtime are difficult for the poor at family level.

Table-IS: Number of Alternative Safe Water options constructed/supplied in Kachua

Thana ofCbandpur District.

KaChllll
Options

Proposed ConstructedlDistributed

Pond Sand Filter (PSI') 9 10

Rain Water Harvester (RWIl) 210 162

Safi Filter 210 30

Pitcher Filter None 1500

Chari Filter None 6

Two-bucket Filter None 6

Source: GB, 2000, Report of Action Research on Community Based Arsenic Mitigation Project.

The distribution of tube wells, Pond Sand Filter (PSF) and Rainwater Harvesting Reservoirs are

sho."", on the Map- 14.
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CHAPTER: 6 ANALYSIS & PRESENTATION QI<'DATA RELATED TO THE STUDY
OF ALTERNATIVE SOURCES OF SAFE DRINKING WATER FOR
THE ARSENIC AFFECTED AREAS IN KACHUA THANA OF
CHANDPUR DISTRICT.

6.0 Analysb or Data:

Every household w.s asked certain questions (according to the questionnaire) that provided certain

profile, behavioral, psychological & socio-economic data li:keage structure, dependency ratio, sex,

educational status, occupations, monthly income & expendi~, purpose ofuse ofWllter from the

existing soun;es, number of family dependent on a single tubewell, condition of getting water from

the sources, availing tubewell water for drinking or any other Purp<:lscs,present condition of

tubeweJl water, peoples attitude about the use of arsenic affected tubewell water, way of concern

about the presence of arsenic in tubeweU water; arsenic affected condition of the family members,

types of affection and sufferings, their treatment condition, treatment service providers, tubewl:1l

water testing, conditions of tbe water filtering instruments, condition of the existing alternative

sources of safe drinking water and therr relative distance from the houses of the households,

providers of the safe drinking authority, required quality of safe drinking water per family,

availability of water in the existing water sources, condition of the alternative water options like

pond, pond sand filter, rainwater harvesting technique, purpose of use of water from alternative

souroes, roof material of the houses of the households and problems related to safe drinking water

in the arsenic affected area ofKachua Thana of Chand pur distrIct The Table-16 gives the view of

the taClors at a glance those help to fulfill the objecllves of the study:

Table-16 : Fllctors Discussed in the Analysis Chapter.

Ob"oct", •• Fadon, T, ~""illo - ,,' ~,=" ._, Condition of oxisting wafc:r SOUfceland their distnbulion,
contamination in the drinking watc:r in the itudy

"""""
~- tubewen ~~,~""~ family=. dependom on a single tubewtll, availability of watel" from

the tubewell and condition oftubewen water,To identifY and ~uate the inniative. taken by the Testing " ~~ " .0 tu~lI •• marlciog
"""""""'" "" non-gO\'emmem O1ganizatiOIlS" tubewelJ< in red and green 0010\11" (0 show arsenic

mttigttle the tu=tic rontamiIWion in drinking --= affected or not affec:"1", and conditioni of arsenio
coTJlaminatCllWlller ri in teclmi ue',. To find ()IllW alternative sources of safe drinking Alternative water optiom, provider of the,. option,.

water for the arsenic affected people of the study conditiom of th.,., option!, [.!ative diOlanoe of these

= options., To assesi community aware""S' and pet'C"plion, People', -" "" comaminate<l
_. ~""tubewe~ aware to tbe pe<lJIl. not to use eontarninated_•.

, Suggest 00= policy guideline. " tntegrirte 'h< After finding infonturtion and facts abrnn the problem
AlternAlive iouroes to existing sources 10 mitigate and reviewing the eKistmg guideline., final polley will
the severity of .,.,enic problem of rural people in b. roSS'Sled,
Bangladesh,

CHAPTER: 06 ANALYSIS&PRESENTATIONOF DATA ?t



6.1 Information about Socio-economic condition of the Respondentll in the Study Area:

6.1.1 Age Structure:

According to the field survey, if has been found that 41.76 percent family members of the

households are in 0-19 years age group that is lower than the national age structure. By the

forecasting of BBS Census in 1991, about 54 percent of the total population is that age group. It

has also been found that 1857 percent family members of the Kachua Thana are in 20-29 age

group which is b'<:nerallyknovm as young and workable group. Moreover it is found that 14.65

percent and 1055 percent of the family members of the households are in the (30-39) and (40-49)

age groups successively, These two groups comprise together 25.20 percent which is generally

known as mature group in the demography, Geneml1y (20-29), (30-39) and (40-49) age groups are

the income genemting groups and they take vital role in the national economy. On the other hand,

economically they are independent in the family and they have to mitigate all the needs of the

family, In Kachua, it has been found through the field survey that 43.77% fumily members of the

households lie in these groups. Only 6.97 percent and 7.50 percent family members of the

households arc in (50-59) and 60 and above age groups and they make together 14.47 percent

These groups arc also known as dependable population in the upper age group (Table-I7).

Table 17 : Age Structure of the Family Mem~rs oftbe Households.

A e Structure F, uene Percenta e
019 479 4],76
20-29 213 J 857
30-39 168 14,65
40-49 121 1055
50.59 80 6.97

60 and above 86 7.50
Total 1147 100

Source: Field Survey, 2000

6.1.2 Dependency Ratio:
PO•IS + P50+

Dependency Ratto ~ ... _•. X 100
p,•.w

Here Dependency Ratio

~ Population within the ages (0- 15)years,
~ Populauon above 50 years
~ Population within the ages of(I6-50) years.

'"= ------------- X 100
<M

~ 78,1J
~ 78 (approximately)

CHAPTER ,06 ANALYSIS& PRESENTATION OF DATA 72



From the findings of the survey, it is revealed that there arc less dependable people (43.85%)

than undependable people (56, 15%) in Kachua Thana (Table-18),

Moreover, the dependency ratio is 78 which mdirectly rcfle<:t the people's sound economic
situation.

Table-I8 : Dependency Ratio of the Family Members of the Households.

T ~ I lire nenc Pncenta ,
Do ndable ! 503 43,85
Unde ndable Peo I, 644 56,15
Total 168 14.65

Source: Field Survey, 2000.

6.1.3 Sex Composition:

From field survey, it has found that about 57.80 percent of the family members of the hOl.lSeholds

are male and about 44,20 percent is female m category, So the sex ratio (Male: Female) of the

total family member of the households is 136: \00 whieh is higher than the national sex Ratio

(106:100) for rural areas is Bangladesh (BBS, \994) (Table-3 in the Appendix),

6.1.4 Educational Statns :

It has been found through the field survey that ahout 15 26 percent of the total family members

of the households are illiterate, where as 38.01 percent of the people possess primary level of

education. According to the findings, it is revealed that 8474 percent family members of the

households are literate in different levels, 4,62 percent family members of the households

possess graduate degree or above level of education, From this mformation it can be said that the

study area is a zone of educated people.

6.1.5 Occupation:

It has been found from the survey that majority of the young and working people of the study

area are farmer (20,49 percent). So it can be said that the dominating economic activity of the

people IS pnmary in narurc i.e. cultivation Tms is for the soil is so fertile wmch lies in the flood

plain region, a major categones of physiographic divisions of Bangladesh. But a notable

proportion of the family members oflbe households are engaged in the tertiary economic activity

i.e. in business (6.89 percent), SCTvlceboth in private and government (6.71 percent) sectors,

household worker (1.31 %) and day labourer (1.39%). Prohably the proximity of the capitliI city
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(two and half an hour distance by bus from Kachua to Dhaka) acts as the reason for diversity of

economic actIVIties hke business and serVIce both in private and government sectors

It has also been found from the survey that most of the Female members of the households are

house WIves (18.31 percent of the total surveyed population). The study shows that about 31.21

percent of the family members of the households are students (Table-19). This infonnation is

effective to comprise the high level literacy in Kachua Thana. About 767 percent family

members of the households live on dIfferent aCTIvitieslike mason, porter etc. 5.23 percent of the

total family members of the households have secondary occupation. The majOr activity of them

is cultivation (60 percent of the secondary occupation) The next major secondary occupation of

the family members of the household is business (20 percent). A notable proportion (10 percent)

of the family members of the households is day labourer as their secondary occupation.

Table -19: Occupation of the }<'amilyMembers of the Household9.

Type of Occupation Prima Ott. ation Scconda Oecll tion
Fre . % F, . %

Fal1TIer 235 20.49 36 60
Household Worker IS 1.31 . .
D, Labourer 16 1.39 6 10
House Wife 210 18.31 I 1.67
Unem 10 ed 58 506 . .
Service Holder Private) 47 4,09 I 1.67
Service Holder Govt. 30 2.62 . .
Business man 79 6.89 12 20
RickshawNan Puller 11 .96 . .
Student 358 31.21 .
Others 88 7.67 4 6.66

Total 1147 100 60 100
Source' Field Survey, 2000

6.1.6 Occupation ofthe Hou9Chold Head:

It 1S eVIdent from the survey that majority of the household heads in Kachua are fanner (41

percent) as their principal occupation. Moreover, 25.50 percent of the household heads are

engaged in business for their livelihood. On the other hand, 18.50 percent of the household heads

are service holder whether in the private or government offices. It is also evident that 17% of the

total household heads m the surveyed area have the secondary occupation. Among them most of

the heads (76.47%) are involved directly or mdirectly with agricultural activities. Rest of the

heads major secondary occupation is business (1 I ,76 percent) and a few proportioll5 of them are

day labourer (5,88 percent).
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6.1.7 Income per Month:

It has been found from the survey that major family's income is more than Tk. 5,000/- per

month, So it can be said that the maximum families of the study area are In the middle class.

Table- 20. Income oftbe Household per Month (Tk.).

income Grou T~ F, uene Percenta ,
0-1000 2 1

1001_2000 12 6
2001 - 3000 24 12
3001.4000 30 15
4001 - 5000 35 17.50

5000 97 48.50
Total 200 100

Source: Field Survey, 2000,
6,1.8 E1penditure per Month:

From the field survey, it has been found that maximum families of the households (32.50%)

expense more than Tk. 5,000/- per month. Moreover, 23 percent of the families expense Tk.

4,001/- to 5,000/- per month, So it can be said that 55.50 percent family's expenditure is more

than Tk, 4,0011- per month. It is evident that in the class group of Tk 4,000" thc percentage of

family of the households is higher (66%) in case of monthly income than that of monthly

expenditure i.e. (55.50%) .From this information it can be said that the middle class pet:lple (the

maximum people according to the findings) of Kachua Thana expense less money than their

income, i.e. they have tendency to save money. It is also same for the lower income group

especially Tk. (01-2,0001) group. On the other hand, the reversed situation is found fOf the

income group ofTk. 2,001/- 3,000/. In this group, the percentage of family of the households is

higher in case of monthly expenditure than that of monthly income (Table-6 in the Appendix).

So it can be said that economic deficiency condition prevails among that Income group of

families ill the study area Actually, this data is converted to monthly basis from annual.

6.1.9 Monthly Family Expenditures:

From the field survey it has been found that maximum 31 percent of the total households spend

Tk. 2,0011- to 3,000/- per month for their food About 24 percent of the households spend Tk.

1,0011- to 2,0001- per month for food expenditure. These two groups of percentages are quite

higher than 9.52 percent households of food expenditure group ofn. 4,00lf- to 5,0001-. On the

other hand, 14 percent of the households spend the least amount of money for fond per month

(maximum Tk 1,000/-) and this percentage is hIgher than 9.50 percent and 10.00 percent

bouseholds of food expenditure groups of Tk. 4,0011- to 5,0001- and Tk. 5,000+/- respectively.
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Through field survey it has tried to know the economic capability or general tendency of the

people in the study area to spend money for their two basic needs, i.e, for food and for clothing.

The findings also show that maximum people (70.50 percent of the households) spend oot more

than Tk. 1,0001- for their clothing in a month. Moreover, there are the least percentage of people

(2.5 percent) spend Tk 3,000/- and above per month for their clothing. So it can be said that

expenditure for c10thmg is quite low in the study area. There is a general practice to buy cloths

one or two times in a year.

6.2 General Information about Water Sources in the Study Area:

6.2,1 Quantity of Drinking Water needed per Family per day:

What quantity of drinking water is needed per family per day is an interest of the study. Through

survey it is found that 22% families needed 21-40 litters, 19% families needed 21-40 liters and

also 19% within 20 httcrs of drinking water in every day, It is also revealed that about 60%

families needed up to 40 litters of dnnking water per day.

6.2.2 Purpose of Use of Water :

Fmm the survey, it is evident that ponds are the mos! depending sources (54.50%) and tubewells

are the second prior sources of waler (41.71%) in the study area. These two sources comprise

96.2 \ % of the total sources from where people collect water fur different purposes. It is also

found that people in the study area mainly drink tubewell water (77.5% of the total drinking

water sources). Pond water (26% of the total drinking water sources) is the second option for the

same purpose (Table-21).

Table-21. Purpose oruse of Water from different Sources in the Study Area.

•••••••• ~Ubew~t1
D«, Pond ~c.n.l

RIlinwalet' Pond Sam!
Tubew~l1 ,~ lbrvert;n Filler

• % , % % F . 0'" , . ,. , %
Drinkin 155 38,65 , 53.85 " on 3 27.27 , 00 , 33,33
Conkin no 3790 0 46.15 " 8,29 , lS.1S , " , 33,33_.

" 5.98 ~ . on 37 55 , 36.36 ~ ~ .
elwlin wll$hin " 14,2J . . no 30.35 , 18.18 , " , 33.33
For III ., U '" . . '" 17.0) . . . ~ . .
T."" ." 000 U ''''' ", 000 " ''''' ; ''''' , '''''TotalNo. ofSoulU$ "" " '" " ; 3-891
Perceutl " L" 51.40 L;T ••• , .3J~IOO

Source: Field Survey, 2000,

In case of cooking, it is found that people mainly U5e tubewell water (76% nfthe total cooking

water sources), Pond water is also used (19% of the total cooking water sources) for the same

purpose in the study area, For hathing, they usuaUy use pond water (86% of the total bathing
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water sources) and a few proportion of them usc tubewcl! water (12% of the total bathing water

sources) for the same pmpose, lt is also found that people get water for drinking and cooking

purposes from Rainwater Harvesting Reservoirs and from Pond Sand Filtering (PSF) at a very

lower rate (2% for drinking and cooking purpose from Rainwater HarveSling Reservoirs and 1%

from PSF for the same purpose).

6.2.3 Getting Sufficient Supply of Water from Tubewell :

From the survey, It is evident that majority of the people (aboul 82% of the total households) in

the study area are getting sufficient water from the existing tubewells and only 18 percent people

are not getting water as they need So it can be said that the people of the study area are not

facing trouble with the qUantlty of water from the existing tubewells for their drinking, cooking

and other purposes (Table-22).

Tllble-22. Information Ilbout Getting Sufficient Supply of Water from Tubewell

Pereenta e
82
18
100

Fre uene
164
36
200

Condition of Getlin Water
Get sufficient Water

no! et sufficient water
Total

Source: Field Survey, 2000

6.2.4 Availing of Water from Different Sources due to Insufficient Condition of Water
Supply from tbe Existing Tubewells:

It is found from the survey that a few percent ofpcople (aoout 18 percent oflhe total households) arc

nol gettlllg sufficient water from the existing tubcwclls in the study area. These suffering people avail

water from different sources, when insufficient water supply condition from the existmg tubewclls

prevails. It IS found from the survey that these suffering people collect water mainly from the nearest

ponds (91.18%) and rivers or canals (2.94%) in the study area (Table-23).

Table-23. Information about Availing of Water from Different Sources due to Insufficient

Condition of Water Supply from tbe Existing Tubewells.

Sources of Water S1!fI!!; Fr~uenc Percenta ,
Pond 31 91.18
River I Canal 1 2.94
Other Tubewcll 0 0
0< TubeweH 0 0
Others 2 5.88

Total 34 100

Source: Field Survey, 2000.

6.2.5 Number of Family Dependent on Single Tubewell :

The important attempt of the survey through questionnaire was to know how many people are

depended on a smgle tubewell in the study area. 11.is found that 1-2 families, depended on a
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single tubewell for water, are the majority of families (about 26,5 percent of the total surveyed

famlhes); 34 families, depended on a single tubewell, are the second hlghest category of the

families (about 23%) and 1-4 families depended on a tubewel1, are about half of the total families

(about 49.5%). There are a remarkable number of families (11 or about 19.5%) who are

depended for water on a tubewel1 in the study area So it can be said that there is no homogeneity

in distribution of tubewells in the study area (Tllble-24).

Table--24. lnformlltion llbout the Number of Family Dependent on Single Tnbewell.

No.ofFamil F, neney Percenta ,
I ~2 53 26.5
34 46 23
5-6 35 17.5
7.8 14 7
9-10 13 6.5

11 and above 39 195
Total 200 100

Source: Field Survey, 2000

6.2.6 Condition of Getting Sufficient Wllter from the Sources throughout the Year:

From physiographic context, the study area lies in the category of flood plain region created by

sedimentation in the contemporary Holocene period On the other hand, adequate rainfall occurs

in this region in the rainy season duc to the effect of South West monsoon wind blowing from

the Bay of Bengal,

Table-25. Information about the Condition of Getting Snfficient Water from the Sources
Throughout the Year.

Conditions of getting sufficient water Frequency Percentage
from the sources

Get suffiCient water at all seasons 172 86
Gel sufficient wa!cr onl at we! seasons 12 6
Do not t water all the sea,om; 16 8

Total 2110 1110

Source: Field Survey, 2000.

For the above circumstances, there IS enough water m the rivers and ponds of the territory as well

as in the aquifers i.e. the underground water storages. It is also evident from the survey that most

of the people ofthe study area (about 86% of the total households) get sufficient water from the

CXlsting sources throughout the year. Oniy 6% people get sufficient water in the wet season and a

notable proportion ofthc peoplc (8% oflhe total households) do not get sufficient water from the

existing sources at all the seasons.
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6.2.7 Alternative Sourca of Water in ClI!leof Getting Insufficient Water alal! the Seasons

frolll the Existing Sources :

According to the survey information, about 8% people of the study area do not get sufficient

water from their c)(isting sources throughout the year. Moreover, 6% people avail water only in

the wet season from their existing sources. It is also evident that most of these sutTering people

(80% of the households) are to depend on the ponds within their proXlrnity. A few proportion of

that people (1%) are to pitch water for drinking, cooking and other purposes from the red marked

i.e. from the contaminated tubl:we]]s.

6.3 Information about Tubewell Water:

6.3.1 Availing TubeweU Water for drinking or allY other purposes :

It is known from the survey that about 90% people of the study area are depended on tubewell

water for drinking or any other purposes. 10% people avail water for different purposes from

different sources in spite of contaminated tuoowel1s.

TlIble-26. Information about Availing TubeweD Water for drinking or llny other purposes.,

t~A~'~'~i~lin~;T~'~b~~~"~I~W~'~"~'~~F~i"'~'~~~P~'~'~J"~••~~
J\vail 180 90
Do not avail 20 10

Toml 200 tOO

Source: Field Survey, 2000.

6.3.2 Present Condition of Tube well Water:

Through the swvey. it is found that all most all tubewells (98.5% in the study area are arsenic

affected (fable--27). Bll! lt is also found that most of these contam:inated tubewel1s (91 %) are

using frequently (Table--9 in the appendix) for different purposes.

Table-27. Information about the Present Condition ofTubewell Water.

Present condition of the Frequency Percentage
Tubewell water

1\rsenic affected 197 98.5
Not Arseni<: affected 3 LS

T••• , 200 100

Source: Field Swvey, 2000.
6,3,3 Time of Detection of Arsenic in the TubeweU Water first.

When the people could know the presence of arsenic in tubewel1 water nearby of the households

house an attempt of study was conducted in the month of April 2000. It is found that about-31 %

people in three months ago, 14% people in fOUT months ago and maximum people (60.5%)
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within the last four months could know the presence of arsenic in tubewell water newby the

households house in the study area. But all the people (100%) could come to know the presence

of this toxic element in the tubewell water of the study area within the last six months.

6.3.4 How the People came to know the presence of Arsenic in Tubewell Wllter first:

Almost all people (about 100 percent) of the study area are concerned about the presence of

arsenic in tubewell water, Most of them could know it first from the NGO's water test and some

of the people from GO's water test in the territory, A man could know the presence of arsenic in

tubewell water by his self initiative i.e. he tested tubewell water by himself.

6.3..5The Te!lting Authority ofTubewell Wilier:

From the field survey it is known that both the governmental organizations (16%) and the

nongovernmental organization (83,5%) have tested tube\vell water in the study area to detect

arsenic in water. Maximwn water tests were conducted within three months before (50.5%) and

above three months before (49.5%) from the time of survey (April, 2000). After water test

maximwn tubewel1s(99%) are marked with red (means arsenic contaminated) and green (means

not arsenic contaminated) color (fable-Z9).

Tllble-Z8.lnformation about the Testing Authority of Tubewell Water.

W.ten••tilIg Water t••ttd bel'••,."thetimeofoo
authority ,~.% 2 mont,," 3 mont'" Abo•• 3 "'Onthl

% , ,. , ,.
GO " 16.00 '"" '" ;.00 " .00
'GO '" USO 13.00 " 26.00 •• 43,00

"" , ;0 , .;0
'oW '" '00 ; " " " "' " ~ 49,S

Source: Field Survey, 2000

The survey finding also shows that 99% of the red marked tubewells are used by the people

frequently (fable-Z9). It is known from the previous tables (Table-27 & 29) that water of

maximwn tubewells (99%) are arsenic affected and most of them (91%) are using for cooking

and drinking purposes. So a little di~e is found in context of use of arsenic contaminated

tubewell in the study area.

Tab1e-Z9. Information about the Marking and Using Condition of the Aneoic Affected
TubeweU.

Water testing "' <• ...rot",n .rtb. red marked hJbewetl

••• % Us;n
!i/totUlin.ld!>ority , ,. , ,.

M• .., '" 99.00 ,~9g.92 J4 100
Not Marl<.od , '.00 ,

. )JIZ --.- .

'""' '00 '00 ,.. "
Source: Field Survey, 2000.
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6.3.6 Purpose o(Use o(Water Availing from Arsenie Affected Tubewells :

From the survey it is found that 9 1 % of the an;erdc contaminated tubewells are on use (Table-9

in the IIppendix). Water collected from these tubewells are generally using for drinking

(34.85%), cooking (26.01%), bathing (16.67"10) and washing (21.72%) purposes. It is also

revealed that arsenic contaminated water from tubewells are mainly using for drinking and

cooking (60.86%) purposes in the study area (Table-JO).

Table -30. Information about the Purpose of Use of Water AVlliling from Arsenic Affected
Tubewells.

Purpose o(use water from arsenic Frequency Percentage
affected Tubewells

Drinkin 138 34.85
Cooki 103 26.01
Sathin 66 16.67
Washin clothes 86 21.72
Oth," 3 ,

Total 396 100

Source: Field Survey, 2000

6.3.7 The Advisiog Authority not to Drink Contaminated Water:

From the field survey it has been revealed that most of the people of the study area are infonned

about the presence of arsenic in tubewell water, adverse effect of an;enic in human body and are

also conscious not to drink an;enic contaminated water. But how they have come to kno\v the
,

presence of arsenic in tubewell WIllerwithin this proximity and who has informed them about

this hazard are one of the quos of the study. From the survey it is known that most of the people

(74% ofthe total households) are informed by the NOG's and a notable proportion of the people

of the study area (23% of the total households) are advised by the GOs about the negative health

consequences of arsenic. A very few number of people (3% of the households) has given their

view that they have come to know about this climax from the situation by themselves in spite of

the GOs or NGOs.

6.3.8 Condition of Availing Arsenic Free Water:

From the survey it is evident that most of the people of the study area (about 83% of the tolll1

households) do not get an;enic free water. It is found that people in the affected area are provided

arsenic free water mainly by the OD's (about 57% households opinioned) and in some cases by

the NGO's (about 3 1 % households opinioned). People also get arsenic free water by self

initiatives (about 3% households opinioned) (Tllble-31).
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Table-31.lnformation about the Condition of Availing Arsenic Free Water.

Condi/il/n of avaaing A"Mic Provider of anali. fm: "'aler
F"'Q. % GO '"0 '"f•.••wu.r , ,. , % , , .,.

A".il " i7,50 '" 57,14 " 31 43 , I 143
00001 ,vall 165 S2.\0

Totol '00 '00

Source: Field Survey, 2000

6.3.9 Condition of Water Filtering Instrpment :

Although various studies ilndmfonnation showed that a severe arsemc disaster in drinking water

in the study area prevails but no remarkable actions put forward for its immediate remedy. It is

opinioned that water filtenng ISthe most prominent and adoptable technique to remove arsenic

from water in context of socio-economic condition of the people of Bangladesh. Through the

survey it is found that most of the people in the study area (about 8-6%households) do not have
any water filtering instruments

Table-32. Information about the Condition ofWllter Filtering lnstfument.

Condilioo of wal.r filtering ~,II",i" i"Slro ••.••••t rovidtd bv
Freq. ,. = ,= ~"hlStromeot '" ,

% , '" . % F•••. .,.
HI",. '" I " , to7l " S2.14 , , 7,14
Have not m ""Tolol '00 '00

Source: Field Survey, 2000.

Only 14% households gave their opinion in favour ofhavmg water filtering technique. They also

told that NGO's havc mainly given (about 82% households of the households who have the

technique and havc vicwed) financial and technical support to have thc water filtering

mstruments to the suffering people in the study area. Governmental Organizations have also

taken their role in this context (about 11% households of the households whn havc the technique

and have viewed). A notable proportion of the households (about 7% of that households) have

adopted the te<:hniqueby their ovm initiatives (fable-32).

6.3. to The Advising Condition not to Drink Arsenic Contaminated Water.

The people of the study area are depended on tubewells for dnnking water traditionally like other

rural people of Bangladesh, It is found from the survey that mos! of the people in the study area

(85% of the total households) are informed about the prescncc of arsenic in tubewell water and

they are informed not to drink arsenic oontaminated water. They are mainly informed by the

NGOs (78% households of the informed households who have viewed). Thc Govcrnment
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organizations have also set forth their actiVlties (22% houscholds of the informed households

who have viewed) to make aware the people about arsemc contamination in tubewell water in

the study area (Table-3J).

Table-J3. Information about the Advising Condition not to Drink Arsenic Contaminated
Water:

AdviJing condition not 10
Ad.is;n ;

F,•••.• ". GO NGO
drink *neni< *rrt<ted 1f*ttr '" . % , %

Advis;n ~ '" " ;< m, m 7765
0<> not adv;.; ;0 "Total '00 '00

Source: Field Survey, 2000

6.4. Information about Health Condition in the Study Area :

6.4.1 Al'!lenic Affected Condition in the Family Member (If the Household

Although 98 5% tubewells in the study area are arsenic affected (Table- 21) and most of these

tubewells (91 %) are using frequently as sources of drinking and cooking water (fable-9 in the

Appendix), but a very few number of people (6.5% households Vlew) are found arsenic aITected

Table-34. Information about Arsenic Affected Condition in the Family Member of the

Household.

Source: Field Survey, 2000.

They are suffering from fracture spot 'in hand i.e keratosis (61.5% of the total affected persons),

foska in hand i.e. non-pitting oedema (23.10/0), infeCTIonill leg i.e. gangrene (15.4%) elC. due to

arsenic affect (Table-35). The above symptoms in the body oflhe affected persons are identified

within a year (53.7%) and in some cases from above one year (46.2%).

Table-35. Information about the Condition of sufferings of the Arsenic Affected People.

Duration of Suffer in , 'ow
TyprsofSufltrin~, 1Rlonth 2Rlonth, ~onth,_t .at 1 Yeort,,, % '!!!l. % . I % ,,, % '" %
Kt•••,•••i, , " 3 n " 30.7 , '"NOD- ittin lH<i.m. , " , ISA ; 23.1
Gan l"tDt , 15.4 , 15A
T Otllt " 30.7 , 231 , 46.2 B ,"0
Source: Field Survey, 2000.
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•
So, it can be said that health effect of arseruc III human body in the study area are found in vel)'

recent time. It 15 also found that most of these arsemc affected patients (92% oflhe total arsenic

affected patients) in the study area did not take any treatment (Table-12 in the Appendix). Rest

of the patients (8%) took treatment from local doctors (61.54%) and also from NOG workers

(38.46%) in the study area (Table-I3 in the Appendix). From the survey it is found that some

people also died from arsenic affect (1.5% households have given their opinion).

6.4.2 Malnutrition and Arsenic Affect:
From the survey it is found that 13 people (6.50% ofthe respondents) arc arsenic affected and

they are suffering from karatosis, non-pitting oedema, gangrene etc. Among them 3 patients

(23,07"10 of the total arsenic affected patients in the study area) have died, It 15 also revealed that

most of the suffering people (100%) are living below poverty Iinc 46.15% of them are below

hard core line and 53,85% arc above hard core line bill below poverty line (Table-36).

Table-36 : Information about income, cost for food and calorie intake of the family of tbe

arsenic affected patients.

c •••t for food
Estimated

Income Groop No. of ArsCJIie No.offamUy Co,t for food taloric intake
mcmbtrs or W per person/day nato' (per,=) Affected Family each bmily month/famify "., day/porson in(Tk.) kiloal

<1800 i.e, below, }
, '00 'M bard core

0-1000 ~, • line.
", ) I '00 5,33

lSOO'_2250i,e.
) }~) , 1500 12.5 below hard core

-";"ert~ line.

1001_2000 , ) 1700 II 33 "

, • ,"" 8.8S < 1800

200!-3000 , }~) ) '000 13 33 1800' _ 2250

, , ,@ 13.33 "

Source: Field survey. 2000 and Bangladesh Journal ofNutnnon, 1992.

These poor people usually suffer from malnutrition whIch reducc thc body resistance power and

easily facihtates the occurrence of arscnicosis So it can be said that malnutrition is one of the

important health factor to be affccted by arsenic.
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Table--37 : Information about the relatioDs between poverty level and arsenic affect.

Calorie Intake status of the family No. of family %
of the arsenic affected natients

Below Hard Core Line 6 46.15%

Above Hard Core Line 7 53.85%,
Below Poverty Line 13 I 100%

Source: Field Survey, 2000.

In our country poor people usually suffer from malnutrition which reduce the body resistance

power and easily facilitates the occurrence of diseases, It is found from the survey that poor

people (0-1000 Tk. income group per month) in the study area are the major victims (ll?O%)

(Table- 37), So it can be said that malnutrition is one of the important health factor to be effected

by arsenic.

6.4.3 Working Condition of the Al'!lenic Affected Patient:

It is found through the field survey that a httle proportion of the people (6.5%) in the study area

are arsenic affected (Table-34). Maximum ofthesc arsenic affected patients (76.9%) are working

normally. But some of them can not work (7.7%) due 10 its adverse affect on body, some are

deprived from work (7.7%) and some are socially neglected (7.7%) thinking it as oontagious

disease (Tll.ble-14 in the Appendix).

6.4.4 Condition of Availing Health Service Facilities and thc Providel'!l of Facilities:

Knowing the health condition of the people in the study area was one of the important attempts

of the study through questionnaire. Most of the households (95% oflbc households) have given

TIl.b1e-38. Information about the Condition of Availing Health Service Facilities and the

Providen of Facilities.

Condition of availing
Health Service Provided b

bulth service facilities F"". % GO NGO

• . % F . %
Go< 11 5,50 , 45.45 6 54.54
Do not 'SO 94.50

To"" 200 '00
Source: Field Survey, 2000,

their view that they do not get health service facilities eithcr from the Government or from any

other NGO's. Only 5% households have given their opinion that they get health services both

from GO (45% of the households) and NGO (55% of the households).
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6.5. Information about Alternative Sources of Safe Drinking Water:

6.5.1 Existing Alternative Sources of Safe Drinking Water in the Study Area :

From the survey, it is fOW1dthat 98.5% tubewells are arsenic affected (Table-27) and 10% of the

households do not avail tubewell water (Table-26) for drinking or any other purposes. It is also

found that there are some altemative soun:es ofsafc drinking water in the villages of the study area

and they are deep tubewcll, pond, pitcher filter, pond sand filter, rainwater harvesting reservoir.

People avail water from these sources. Bm the most depending SOUTeeof water is pond in the

study area and in average five ponds are found (80.86%) in each village in the study area.

Table-39. Information about the Existing Alternative Sources of Safe Drinking Water in
the Stndy area.

Nn.nfwltu IkepTube-r1 "... Pit.hcc Flllcc Pnud :;;~ Fillcc ~~..-
~

• rae •.•••;.,. 0 Y. 0 . Y. ~. % 0 %., " 6~,% " 40,43 • WO 10 100 " '00

" '" 29,79 " 40,43
~ • ." " 9.93

'" • '"U.14 • 2.83
15-1~ , 1.42". , 2.13
'oW W '00 '" '00 • '00 W '00 " '00

Source: Field Survey, 2000

Drinking Condition of Water oftbe Existing Sources :

It is found through the survey that the major existing drinking water sources in the study area are

tubewells and ponds. It is also found that people depend on river, canal and on newly mstalled

water options like Pond Sand Filter (PSF), Rainwater Harvesting (RWH) for the SlUIlepurposes.

It is an attempt oflbe study to know the drinking cnndition of water of the existing sources in the

study area It is revealed that tubewell water is mainly used (87.21% households of the total

households view) for drinking (44.03%) and cooking (43.18%) purposes (fable-21). 90% people

in the study area usually avail tubewell water (Tllble-21), But most of the people's (90.5%) view

is that the tubewcll water in the study area is not drinkable due to arsenic affected (fable-27).

Through the survey it is found that pond water in the study area is not drinkable (87"1o

households view). But pond is the second prior source of water in the study area (TlIble- 21 ) in

normal situatIOn and even in any adverse condition.

Different Governmental and non-governmental organizations have taken programs to mitigate

the arsenic contamination problem in tubewell water in the study area. Rainwater Harvesting
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(RWH) and Pond Sand Filter (PSF) are the two recent water options. It is evident that water from
PSF is 100% drinkable (Table-40). On the other hand, the harvested rainwater by recent
technology is not fully drinkable. According to the survey information, 53% people in the study

area seem that water from harvested Talnwateris dnnkable.
Table-40. Information about the Drinking Condition of Water of the Existing Sources..

~

T"be""OII
Tuo""oll

'rn'
RJrinw3lor H"",,,,,tin
e••.••l
River

'"0'.

D,inkin condition
DrinkAbl. ~ Orin""bl.

'" .
,. Fee . %

" " lKI 90,:1

" " " '"" " '" "''" .lJ " ", , "" ", '"0'0 '00, '" '"Tot.1

Soun:e: Field Survey, 2000

Relative Distance of the Ellisting Sources of Drinking Water from the Houses of the
Households:
From the survey it is found that most of the tubewells (71,5% of the total tubewells within the
survey area) are located within ]0 meters from (he houses of the households. Moreover, about
82.5% tubcwells are located within 15meters from the houses of the dwellers in the study area

On the other hand, maxlmlll1lponds (69% of the lotal ponds) in the study area are located within
15 meters from the house of the households. Deep tubewells are also located within ~ Ian of
their houses. There are also canal and nver withm 1/2 km, from their houses. From the above
mformation tt can be said Ihat the tubcwells rathcr than other sources of drinking water are
localed very nearer to the houses of the households Although the people are concerned that
985% tubewells are arseniC affected (fable-27), the proximal distance of tubcwclls from !he
residences of the households makes the people psychologically bound to collect and to

frequently use oftubewell water for different purposes.

Table-41. Information about the Relative Distance of the Existing Sources of Drinking
Water from the Houses of the Households.

W.t.,Sou,"" Distance ofthe •• iron .ou'C •• of dnnkln ~at., from Ih. hon'" of the hoos<hold••

•, m " m •• m •• 'm 12_14 m ISm_ \:I km ,-••••• % ,~.% ,~.0, ,~% ,~.% ,~.0, ,~. %
TobcwcJl " J05 " '0; M " " 18.5 " " " '" , ,
~nv , , , , ; " ; , , , " '" no "" " ;; " ;; " " 17.5 '" " " 395 ;

"~w ; , , , . . . . . . , " " "-' , , , , , . " "Ri,'er , , , . , ;

Source: FIeld Survey, 2000
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6.5.2 Condition of Availing Safe Drinking Water;

It 1S revealed from the survey that only 22 percent people can avail safe drinking water from

different sources !Ike Ponds (20.45%), Deep tubewells (31.82%), Harvested Rainwater (9.09%),

Pitcher filter (4.58%), Pond Sand Filter (18.18%) and most of the people (78% of the Household)

are deprived from safe drinking watcr. It is also revealed that the Governmental Organizations

are taking vital role (70% households view) to provide safe drinking water to people of the study

area (fable-32). Non governmental organizations also set forth their programs individually

(24.5% households view) and jomtly (5,5% households view) with thc governmental

organizations for its remedy (Table-17 in the Appendix).

Table-42.Information about the Condition of Availing Safe Drinking Water.
"

Condition Sou'oes orSafe O,inki Wale,
ofovomng

Pond DeepT.W. R.W.H. Pitche. Filtee Pood Sond rn~
.ok ,~.% Fillee SOUITes

Drinking ,~% ,~% Freq. % Freq. ,. ,~.
% FYeq'II~.Wotee

Avoil « n , 20.45 , 31.82 , 9.09 , 454 , Ig185 11.36
Not Av.il 1.16 ",~,'00 '00

Source: Field Survey, 2000

6.5.3 Availability of Water in the Existing Water Sources:

From the survey it is found that the existing water sources in thc study area are the tubewells (100"10

households opirnon), ponds (100%), deep tubevy'ells (33%), canal (32.5%), harvested rainwater

(J3%) and river (3.5%). It is also evident that water prevalis in tubeweIIs (96% households opinion),

in -ponds (90.5%), in canal (58.46%), in river (57,14%) and in the harvested rainwater reservoir

(3.85%) for 9 months and above, i.e. through out the whole year (Table-43). So it can be said that

water is available in the existing sources through out the year in the study area.

Table-43. Information about tbe Availability of Water in the Existing Water SourcC'l.

AVllilobi!itv ohratn in lb. WOlin "'"ler ,"uree
E>.ining •• Ole<

'"' % (o-I) rno"tiI> (3-5) rntnlth, (6-8) rn"ulb,
ond obove (9--1l)

•oon:es montb •, ",. , % , % '" %
Toocwoll "" '"" , 1.00 , 1.50 ; UD '" %00
~ TubeweU % " , '" 0 9.09 " 3333 " 5606,~ '"0 '00 . . , 2,0 " 7.0n '"' 90.50,-~

'" U '" 69,23 , 1;;,3H , 15 3~ , 3.&5
R1lin"""cr., " '" . . . . " 4U4 " 5~.46
<." , .1,S . . ; 42.86 , "Toto) ~ '00 . . . . . . . .

Source: Field Survey, 2000
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6.5.4 Condition of Rainwater Harvesting Technique in the Study Area:

Rainwater harvesting )5 an old and verv familiar techmque in the rural areas of Bangladesh. The. .
rural people usually collect water in thcir pitchers & 'motka' when it is raining. This water is

used mainly for domestic purposes and rarely for drinking purpose for a very short time.

Community based well developed harvesting technique is adopted in very recent time in the rural

areas specially in the arsenic affected areas of Bangladesh. ThIS is the latest but very expensive

technique in context of soeio-economlc condItion of the rural people of Bangladesh for getting

safe drinkmg water. Throughout the survey it is found in the study area Ihat 36 households (18%

of the total housoholds) have responded m favour of existing rainwater harvesting technique

VVlthintheir proximity.

6.5.5 Time of Harvesting Rainwater by the Households themselves :

Through the survey it is found that 90% people in the study area do not harvest raio\\'!lter during

rainy season to b'Ct safe drinking water and only a few number of families (10% households)

avail water from tins new technology, It is also known that the households have adopted this

technology very tecently. Most of the rainwater harvesting spots (80% of the total spots) have

installed \V1thinthe last 2 months,

According to the survey infonnatioll, it can be said that 45% ufthc adopted harvesting techniques

were set up in one month ago from the time of survey m the study area, Tnaddition, 35% rainwater

harvesting techniques were set up 3 months ago. 5% people ofthc lotal rainwater harvesters collect

rainwater in traditional method during ramy season (Table-20 in the Appendix). The harvested

rainwater from newly adopted technology can be used for one month (62.5% Household's opinion)

or for 3 months (62.5%) or for 5 months (75%) as drinking water (fable-44).

Table-44. Information about the time of Harvesting Rainwater by the Households themselves:

Condition of
Tim, ofllnrvmin Rnin••.atoc lh, hono,holds

H.rvesting '"". % 1Monlh 2 Monlh. 3 MOdlhs above 1la""<s1 in Tradition.l

Rainw:ol.c
~ ,. ~'t

om

'" % '" % , . %
Harvest '" '" , " , " , " , ;
Do not barvos! ,e, "T01.1 '" '"'
Source: Field Survey, 2000.

6.5.6 Purpose of{Jse of Harvested Rainwater (in priority basis) :

11is also found that the harvested rainwater is used for different purposes like drinking (38.5%),

cooking (3 8,5%), washing (2%) and other (2 1%) purposes, Among the above purposes, the
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users use this water mainly for drinking (100% households opinion for the first priority) and then

for cooking (100% opinion for the 2nd priority) purposes.

Table4S. Information about the Purpose of Use of Harvested Rainwater (in priority basis).

Purpose or use or '...•. % Priori RAnldn ••r u"" ••rHarvested ••• ter
Harvested ,

~2RaiJI••• ter , . % %

Drillk~ '" 35,5 '" '00 0 0
Coo'"' '" '"' 0 , '" '00
We$h;n , ,
Od"" n "T~' " '"0

Source: Field Survey, 2000.

6,5,7 Assisting Authority to exist the Rainwater Harvesting Techuique:

There are several rainwater harvesting tanks in the study area set up mainly by the

nongovernmental orgamzations (91.5%) and also by the governmental organizations (8,5%) to

provide safe drinking water «(TabIe-2! in the Appendix). It is also known thlIl each tRnkCosts

12,000/. to build up. In case of selecting the location of the tanks the following things Wl:re

considered

1. The roof of the houses are built with relatively new CJ, sheets.

2. Maximum people can get waterlraveling minimum distance,

It is also found that maximum roofs of the houses (96%) m the study area are built up with CJ.

sheets. So the rainwater harvesting technique can easily be setup If other financial and material

supports available. So it can be said that the roof condition of the houses in the study area are

favourable to setup Rainwater Harvesting Technique.

6.6 Information abont the Problems Related to Safe Driuking Water:
The people of the study area are sufthing from different problems related to availing safe
drinking water. On the ranking basis the problems are scarcity of safe drinking water, people are
worried about their fate, safe drinking water sources are far away from the houses, health effect
due to drink arsenic contaminated water, people are bound to drink arsenic contaminated water,
pond water in impure, deep tubewells are often disordered, insufficient munber of tubewells,

water purification method in costly, lack of water purifying instruments, 'Nater in the pond dose
not stay in all seasons, ars~nic affected people are socially neg1ect~d,tubewell water is red i.e.

high concentration of iron in water, collection of water from a long distance hampers the noiliIal
activities of the housewives, safe drinking water collection is difficult during rainy season,
arsenic contamil1/ltionproblem is a terrible problem, filtered water is not tasty, water is not

available from harvested rainwater reservoir when rain does not occur, people can not drink
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harvested rainwater due to odor of cement in water, quantity of arsenic in tubewell water is not

known accurately, lack of reservoirs for collection of rainwater, people are annoyed with GO &
NGO's activities etc.

Table- 46.lnfonnation abont the Problems Related to Safe Drinking Water.

". Probl~ms '.... ,.
No.

•• ~t of ••.fedrinkin water ~ '" 35.82, P Ie are WOfI'iM.bout &in we drin1<in wa,,,, W 17.9), Sore drinkin wOler sources are f••. awa from the hoo.aes, " 14,63

• Health effect due to drink ••.senic contominated Water '" 5,57, Peo Ie are bound to drink arsenic contaminated water " 4.78

•• Pond water is jm me " 4,48,. D nm.w~I15 ar~ often become inactive or difficult to 0 erate W '"• lnSllfficient numocr of tlJbcwelJ• W '",. Alternative Safe Water 0 tions are costl to ado , , '"••• Mternalive Safe Water 0 tioos are in,uff,cient ; '"••• Water is not availaole in the ond in all seaSOn, , 1.19
u. Arsen;c affected Ie Me ",dallv ne lected ; "'" Tubewell water is reddi,h in colour i.e, hi h concentration ofiren in water , "'•• Safe w'ler collectinn from a loog distallCe hampers the activities of the , •Mu,e"ives

". Safe drinlcing water collection is difficult from ponds and ramwater , •harvesti re,ervoir,

••• Arsenic contamination roblem i,a terrible robl.m , ••'" ;.i~ed water from pilcher filter, charri filter and pond sand filter is not , ,
n. W!l1or is not available from barvo:sted rainwater reservoir , ,

when rllin does not occur

••• PoopJe can not drink harvested Tainw!l1erdue to bed Ollorof , •
~;rnem in water

20. anti! of arsenic in rubewell water is nol known a""""'tel , "21. Laek nf reservoirs for collection ohainwa!er , "U. P"" Ie are anno ed WilhGO & NGO's activitie, , "TIIUII~ '" 99.99
Source: Field Survey, 2000.
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CHAPTER 07: FINDINGS & RECOMMENDATIONS OF THE STUDY

7. Findings & Reeommendation :

7.1 Findings :

On the basis of analysis of questionnaire SUlVeyon 'Altemalive Souree:s of Safe Drinking

Water for the Arsenic Affeeted Areas in Kachua Thana of Chandpur District'. some

generali?.ations are formulated. Moreover, a total scenario relevant to the arsenic contamination

problem in tubewell water is revealed. It is found that most of the people (86%) in the study area

get sufficient water from the existing water sources through out the year. The existing water

sources are tubewells and ponds. Tubewells are not homogeneously distributed in relation to the

number of fumilies in each of the village in Kachua Thana of Chandpur District. Tubewell water

in the study area is used for drinking (77.5%) and cooking (76%) purposes. In fact. the people do

not face trouble (82%) with quantity of water from these tubewells. But it is their misery that all

most all tubewells (98.5%) are arsenic affected. Arsenic, the renowned toxic element for human

health, is concentrated in water of these tubewells at high level and in some cases at more than

permissible level, i.e.. 50 mgtL. The wells arc marked (98.5%) with red and green colors which

indicate the tubewell are arsenic affected and are not arsenic alIected respectively. Although

water of these tubewells (90.5%) are not drinkable and people are concerned (60.5%) about this,

but people are using (98.5%) water from these contaminated tubewells for drinking, cooking and

other purposes. The lack of adequate number of safe drinking water options is the prime reason

of use of contaminated tubewell water by the people in the study area. Consequently there is

huge number of ponds in the study area and they are used as the second prime source of water

for both drinking and cooking purposes in normal and even in adverse situation. But pond water

is not drinkable (87%) at all. Moreover. a few number of people are found arsenic affected and

no significant health service facilities are promoted (95%) in this disaster prone area by the

governmental and non governmental organizations. The arsenic affected patients can not work

(7.7% ofthe total patients), do not get work (7.7%) and are socially neglected (7.7%). To combat

the situation, some new water options are found to promote by both governmental and

non-governmental organizations at a very small scale in the study area. Among the water options

3-pitchcr filter technique is comparatively less costly and comparatively popular than rainwater

harvesting techoique. Pond sand filtering is also found to adopt at a very small number in the

study area. Thus new techniques are innovated and arc trying to set up for the remedy of the

problem.
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7.1.1 General Condition of the Existing Water Sources
1. The existingwater sources in the study area are the tubewclls (100%), ponds (100"10),

deep tubewell (33%), canal (32.5%), harvested rainwater (13%) and river (13%). ;-

2. In general, pond is the most depending sources (54.50%) and tuocwell is the second

prior sources of water (4) .71%) in the study area.

3. Water prevails throughout the year in the existing sources in the study area like

tubewells (96%), ponds (90.5%), canal (58.46%), river (57.14%) and in the harvested

rainwater reservoir (3.85%).
4. Most of the people of the study area (about 86% of the total households) gel sufficient

water from the existingwater sources throughout the year.

5. People at a very low rate (18%) do not get sufficient water from the existing

tubewells. They avail water in the crucial time from different sources like ponds

(91.18%), river and canal (2.94%).

6. A little proportion (14%) of the total households is suffering from scarcity of water

from the existing sources in all the seasons (6%) or for a few time of the year (8%).

7. Most of these suffering people (80%) avail water from ponds within their proximity

when the water scarcity situation prevails in the study area.

7.1,2 Tubewells:

I. About 82.5% tubewclls are located within 15 meters from the houses of the dwellers

in the study area.
2. There in no homogeneity in distribution of tubewells in the study area in context of

familynumbers.
3. ].6 familiesdepended or a single tubewell is the maximumfumilygroup (67%) in the

study area.

4. Abnost all tubewclls (9 1%) are using for collection ofwaler for different purposes.

5. About 90% people of the study area are to depend on tubewell water for drinking or

other purposes.
6. People of the study area generally avail tubewell water for drinking (77.5%) and

cooking (76%) purposes.
7. Majority of people (83% of the total households) do not get arsenic free water in the

study area.
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8. The crisis ofsak drinking water prevails in the study area. Only 22% people can avail

safe drinking water from ponds (20.45%), deep tubeweils (31.82%), harvested

rainwater (9.09%), pilcher filter (4.5 8%), pond sand filter (18.18%) etc.

9. To detect arsenic in tubeweIl water in tbe study area, maximum water test were

conducted by the non-governmental organizations (75% of the total tests).

10. The people in tbe study area are not facing trouble (82%) with quantity of water from

the existing tubewells for drinking and other purposes.

II. Almo~1a1ltubeweIls (98.5%) in the study area are arsenic affected.

12. Maximum people (60.5%) of the study area could come to know the presence of this

toxic element in tubeweU water in the study area within the last one year from the

survey date (April, 2000).

13. Water from most of the tubeweIls (90.5%) is not drinkable due to arsenic affect in the

study area.

14. Maximum tubcweUs (98%) are arsenic affected and most of them (91% of the

alfu.:ted tubeweIls) are using for o;Qokingand drinking purposes.

15. Maximum tubewcIIs (98.5%) in the study area are rrwked with red (arsenic

o;Qntaminated) or green (not arsenic contaminated) colors.

16. 99% of the red marked (i.e. arsenic contaminated) tubcweIls are frequently used by

the people.

17. TubeweUs rather than other sources of drinking water are located very nearer to the

houses of the households. It makes the people psychologically bound to drink arsenic

contaminated tubcwell water in the study area.

7.1.3 Ponds:

I. Maximum ponds (69% of the total ponds) in the study area are located within IS

meters from the houses oftbe households.

2. Although pond is the second prior source of drinking (26%) water in the study area, in

normal situation even in any adverse condition, but its water is not drinkable (87%) at all

7.1.4 Rainwater Harvellting Technique:

1. Most of the people (90%) do not avail \vater from harvested rainwater reservoirs. It is

a very new water option initiated in the study area.

2. Two basic phenomena are considered by the authority to select the location of

rainwater harvesting reservoir in the study area and tbey are: roofs built with C.I.
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sheet and minimum distance from the houses but maximum opportunity to avail water

from the reservoirs. ...
3. The rainwater harvesting reservOIrs are set up mainly by the non-governmental

organizations (91.5%). Each reservoir rosts Tk. 12,000.00 to build up.

4. The harvested rainwater is mainly used for drinking (100"10) and cooking (100"/0)

purposes.

5. The harvested ramwdter from developed technology CillI be used hardly for 5 months

(75%).

6. People get water for drinking and rooking purposes from rainwater harvesting

reservoirs and from pond sand filter (PSF) at a very low rate (2% and 1%

respectively).

7. Maximum roofi; of the houses (96%) in the study area are built with C. I. sheets.

8. The roof rondition of the houses in the study area is favourable to set up rainwater

harvesting techniques.

7.1.5 Healtb Effect:

1. Maximum people (95% of the total households) in the study area do not get health

service facilities in relation to the arsenic affect either from the governmental

organizations or from any other NGOs.

2. A very few number of people (6.5%) are found arsenic affected in the study area.

They are suffering from Keratosis, Non-pitting Oedcma and Gangrene etc.

3. Most of the arsenic affi:cted patients in the study area (92% of the total arsenic

affected patients) did not get any trcatment and rest of them got trcatment support

from local doctors (61.54% of the people who got help) and from NGO workers

(38.6% of the people who got help).

4. Majority of the arsenic affected patients (76.9 I %) as found, are working nonna1ly.

5. Some patients CillI not work (7.71 % of the total patients), some arc deprived from

work (7.7%) and some are socially neglected (7.7%).

6. The burning problems created due to the arsenic affect in the study area are:

a) Scarcity of safe drinking water;

b) People arc worried about their fale.

c) Safc drinking water sources are insufficient and located far away from the houses.
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7.1.6 Role of GO's & NGO's:
I. Most of the people (74% of the total households) are noticed by the

non-governmental organizations (NGO's) about the presence of arsenic in tubewell

water, negative health consequences of arsenic and procedures to get arsenic free

water.
2. Mainly NGO's infonncd (75%) the people about the presence of arsenic in tubewell

water in the study area. 100 governmental organizations are taking vital role (7()ok)to

provide safe drinking water to the people of the study area. Non-governmental

organizations individually (24.5%) and jointly with the govemrnental organizations

are (5.5%) working for its remedy.
3. Among the new sources of safe drinking water promoted by different governmental

and nongovermnental organizations in the study area, water from Pond Sand Filter

(PSF) is 100% drinkable, But water from Rainwater Harvesting ResetVoirs (RHR) is

not fullydrinkable (53%) due to odor of cement.
4. To get arsenic free water, only 14% people in the study area are usingwater-filtering

techniques. Maximumofthc instruments (82%) are provided by the NGO's.

7.'1. Recommendations The following steps may be recommended to eneounter the
anleoie hazard ;

7.'1..1 Immediate Relief Measures;
7.2.1.1 Recommendation-1 : Build Awareness Through Mass Communication;

• Intensive awareness raising activities should be undertaken immediately regarding

negative health effects of drinking arsenic-contaminated watcr in order to introduce

preVl.'ntivemeasures in cooperation with community based organization (CBOs),

NGOs and others, Mass media and communication facilities of government and

non-government organization should be initialed for awareness. Specific posters,

leafletsand other communicationmaterials should be developed for this purpose.

• To make the people aware about aTsclJiccontamination and its health effects

training program should be arranged specially for female members of the family in

the arsenic affi:ctedareas.
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7.2.1.2 Reeommendation-2: Providing Safe Drinking Water

Immediate relief on emergency basis shoul<l be provided through the supply of safe drinking

water. In selecljng the source of supply of safe <lrinking waler, the following order ofprcference

may be followed:

• Only tubcwells with safe drinking waler may be used.

• Deep tubewells may be installed by avoiding shallow arsenic contaminated aquifers

to collect water of acceptable quality in lhe arsenic affected areas.

• Dug wells may be constructed where feasible to supply arsenic free water,

• Surface water can be used with appropriate and adequate treatment. Surface waters

may be treated by installation Slow Sand Filter (SSF) if perennial sources of water

are available in arsenic affected areas. Community participation in operation and

maintenance is absolutely essential to make the system work.

• At least a pond protected from contamination should be provided in each mauza in

the study area for drinking purposes. Minimum treatment would be required

initially. Other ponds would be provided for different purposes without treatment.

The protected ponds shall not rc<:clve any surface discharges and should be

replenished by rain and ground water infiltration.

• Al least one Pond Sand Filter (PSF) should be installed in each village to provide

cooking and drinking water in the arsenic affected area. This may be done by a 00

or NOO but maintained by lhe community people.

• Rainwater harvesting can be a source of water supply for drinking and cooking

purposes. For this purpose, at 1cast one rainwater harvesting reservoir should be

constructed in each village in the arsenic affected area by 00 or NOO. The location

would be selected in such place from where maximwn people can collect water from

it.
7.2.1.3 Recommendation.3: Providing Medical Care at Health Canters for Seriously Affected

Patients

Treatment facilities should be available at the health centers for the seriously affected patients.

Support needs to be made available for this purpose from NGOs and from international agencies.

7.2.1.4 Recommcndation- 4: Providing Symptomatic Treatment:

The immediate action for providing s)1llptomatic treatment should be included and should be

taken care of skin problems. Serious problematic patients should be referred to health ~nters or

regional hospitals.
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7.2.1.5 Reeommendation-5: Strengthening diagnostic facilities at regional level :

Many cases of arsenic poisoning are easy to diagnose. In more complicated cases, laboratory

facilitieswill need to be improved at the regional level to determine the arsenic levels in water as

well as hwnan tissues. For this, funds need to be made available from internationalagencies (e.g.

WHO, UN1CEF,UNOP & the World Bank).

7.2.2 lAIDgTerm Measu,,"":
7.2.2.1 Rocommendation-6: Strengthening Inter-ministerial Co-ordination & Cooperation

A national apex committee should be formed to strengthen national level inler-ministerial

coordination to address arsenic contamination of drinkingwater.

7.2.2.2 ReeommendMtion-7: Establishing National Database on Anlenic in Drinking

Water & Resulting Anenic Toxicity: "
Document of the extent of thc problem should be collected and aU the requisite information

related to drinking water supply and health problems should be generated and should be

evaluated the data.

7.2.2.3 Recommendation-8: Reviewing Existing Ancnic Removal Technologies &

Evaluating their Efficiency:
A review and evaluation of the arsenic removal treatment technologies and their efficiency

should be undertaken.

Conclusions:
Arsenic problem in Kachua is a part of the problem in context of Bangladesh. It is a grcat uatural

and national calamity. This problem is concentrated in the rural areas wherc about 76% of the

people are livingand whcrc the tubewells supply water from the shallow aquifers has been fOUlld

to be contaminated with arsenic. A number of institutions, universities, governmental and

nongovernmental organizations and donor agencies including World Bank are working on

various aspects of arsenic contamination of ground ,vater. Several projects have been undertaken

to understand the magnitudc of the problem even in Kaehua and to adopt mitigation measures

but it appears to be the beginning of addressing the problem nationwide. An extensive works

would be required to understand thc sources. causes, occurrences and distribution of arsenic

contamination, health effect and health management, communicationof health impact and finally

development and implementationof sare water supply options in arsenic affectcd areas. A close

coordination of all initiatives in resolving this gigantic problem is needed for effective and
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efficient utllml-lion of resources to attain !he common goals, Thus a coordinated plan is intended

to provide a basis for collaboration of the actors in the field and moblhze the efforts in the right

direction even in village leveL Result~ of different studies in some areas m Bangladesh have

revealed that water from deep wells has not yet been contaminated Wlth arsenic, But

groundwater being a rechargeable reSOlll"ec,excessive VYithdrawal of groundwater from deep

aquifers may have adverse Impacts both m the deep as well as the shallow aqUifers. Bangladesh

is blessed VYithground water resource but it ISnot unlimited due to the complex hydro-geological

conditions. The problem of contamination of grOlmd water by arsenic or other to:>.icelement is

gigantic and complex. Considering the water ft:,ources available on the SlJrface and in the

sub-surface, it ]s recommended that people in the affected areas have to choose one of the four

options offered to gel arsenic free water. The options are sinking of deep tubcwclls, the

excavation of wells, digging new wells and installation of locally developed technology

including Pitcher Filter, Bucket Filter and 'Pond-Sand-Filter' on the bank of ponds. The PSF will

also purify pond water from bacteria and other genns.

Large-scale treatment plants to remove arsenic from water \\fill sustamable mitigation of arsenic

problem. All possible ways and means will have to he adopted to meet the immediate need to

supply safe dnnking water to the peoplc in the affected areas,

Kachua, bemg a remote rural sub.dlStnet, requires the assistance of the government, the donor

agencies and the NGOs to mitigate the gigantic arsenic contamination problem, The local people

are \\~lIing to work closely \\~th the government and the NOGs. So, by strengthening the local

governance and people's partleipation in the VIllage community and \\fith the asSistance of the

central government, this gigantic problem may be resolved VYithinstallation of the deep

tubewells in the clustered and the linear villages along VYithlocal options. This VYillensure a Vlsta

of sustainable living enVlTonment in the village community.
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APPE~OIX 01: SAMPLE Q1JESTIONNAIRF:

Department of Urban and Regional Planning

Bangladesh Unh'er~ity of Engineering and Technology (Bl![T)

Questionnaire for

"A Study on Alternative Source, of Safe Drinking Water for Ar,enlc"atTccted Areas In Kaehl.ffi

Thana of Chandpur Dimiet"

(QuestumnUlre for Household Survey]

(For Research Purpose only) ,

I. Information about the Household/Family

1.1 Name oflhe village:

1.2 ~ame of the :\Iauza

1.3 Name ofthe Household Head:

1.4 Type ufFamily: (i) Single (II) Cumbined (iii) Others (IV)No re,ponse

1.5 Religion: (I) Mu~lim (II) thndu (iii) Chrlstmn (IV) l3uddhlSI (v) No re,pome

1.6 Setting in this village: (I) S'nCe grand falher's time (II) Since rather's time (Iii) Since own

time (]-low long, --------"- Year) iY/1 No re;pon,e

1.7 Detail information about each of the member of the household

:\.'Iembers Head 2 3 4 , 7 8 I 9 10 II 12
1

Age I I
Sex , I ,, I I
EducallOn i I1
Occupation Pnmar;.'

,
I II

Secondary I I I

Code: Sex

Educati,m

Occupation

I, Male 2 Female

1 1l1iterate 2.Pnmary 3.Seeondary 4 sse 5.HSC 6.Graduate 7.Masters 8 Others

:1. Fanner 2 Day labourer 3,RlChsa\\','Van pullm 4. Push can driver 5,Household

worker 6 Mawn 7 S~1'Vl~~(Gov!.) 8 Service (Pnvate) 9. Busine,sman IO.Student

] 1. Unemployed 12,Hou"" wife 13. Others.

1.8 House hold Income (per m?nth):

Own : ------~-----_.------------ TakaiMonth
(:h ildrenlWife: Taka-Month
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1.9 Household Expenditure (Per Month) [please includc all expenses like food, housing,

clothing, utihty service charge, medical, education etc.]

Family (Total): ••----------------------------- Taka/Month.

2, INFORJ'\1ATION ABOlH WATER SUPPLY.

2.1 We would like 10 know how are you usmg different sources of water for differcnt

purposes? (Please usc tick only)

Sources of water supply
For drinking & For cleaning, bathing. For all purpose
cooking nurnose & washing ournose

I. Tubewell

2. Pond

3. Well

4. River

5. Canal

6. Otbers (Specify)

2,2 Do you pay for availing water from tubewclls? i Yes 0 ii No 0

2,3 If yes, what is the monthly cost you have to pay? [In case of daily payment and or charges

based on use quantity of water, please calculate on a month basis1

i. I have to pay (monthly) ----------------------------- Taka ii. Others (Specity)

To whom you have to pay for drinking water? i. Owners of the tubewel1 0 ii. NGO 0

iii, GO 0 iv. Other ---------

2.4 Do you get sufficient supply of water from thlS tubewel1? i Yes 0 H. No 0

]fpo, from where you have to collect water? i. Pond 0 ii. Tubewell 0 iii. River 0

tv. Canal 0 v. Others ------------

Ifno, do you have to buy/pay to meet your water requirement? i. Yes 0 ii. No 0

If yes, what are the extra amount you spend for your additional water requirement per

month? COSIof additional Requirement--------------------------------------------- Taka.

2.5 What is the number of users (family/person) per water souTce?
i, Number at present " ii Don't know 0

2.6 Do you get sufficlem water supply from these water sources both at dry season and wet

season? i, Get sufficient water supply in all the seasons 0 ii. Get sufficient water supply in

wet season but do not get in dry season 0 iii. Get suffiCIent water supply in an the seasons.
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2.7 If you get sufficient water in wet season or do not get sufficient water supply in all the

seasons, what are the alternative sources of",ater supply on those periods? From i. Pond 0

ii. Well 0 iii. River 0 iv. Canal 0 v, Depend on fate 0 vi. Others (SpecifY)------~-~

2.8 Do you avail tubewell water for drinking or other purposes? i. Yes 0 1i.No 0

If yes, what is the present condition of the water sources? ii Arsenic affected 0 ii Not

arsemc affected 0
29. If arsemc affected, then is the tubewel1running? i, Yes 0 ii. No 0

2.10 When arsenic is detected in the tubcwell water first? ------------ years ago.

2.11 How have you informed about the presence ofarsenic in the tubewell water first?

o By GOINGO's water test

o By the symptoms of arseme affect in the body of the users

o ()t}Jers(specif)') ----------------------
2,12 Is any body of your family member arseruc alTceted?i. Yes 0 ii, No 0

JfYes,

Persons
Suffering

affected
Types of sufferings from the

date
I.

2.
3.
4.
s.

2.13 Did they take treatment? i. Yes 0 Ii. No 0

lfyes, who gave them treatment? 0 Local Doctors, 0 NGO, 0 Others
2,14 Due to arsemc affect, he/she 0 Workmg nonnally 0 can not work 0 does not getwork

o socially neglected.
2,15 Has any body of your family member died due to arsenic affect? i, Yes 0 ii. No 0

2.16 Who has tested tubewell water of your village? 0 GO 0 NGO 0 SelfD None

2.17 When it is tested? In the year --------- Month ----------

2,18 Wasthetubewellmarked?i YesDji NoD

2.19 tfyes, are you using water from thIStubewelJ?i. Yes 0 ii. No 0

-
-

'"

Jfyes, forwhat purpose? 0 Drinking and Cookmg 0 Bathing 0 Washing clothes 0 ()t}Jeis

Ifno, who advised you not to drink contaminated water? 0 GO 0 NGO 0 None

Do you get arsenic- free water? i. Yes 0 Ii.No 0
If yes,who supply you arsenic free water? 0 GO 0 NGO 0 None

APPENDIX 01: SAMPLE QUESTIONNAIRE
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Sources

2.23 Do you have water filtering instrument? l. Yes 0 ii. No 0

If yes, who provide you this mstrument? 0 GO 0 NOO 0 None

2.24 Did you/any member of your family get health service facilities? i. Yes 0 ii. No 0

rfyes, who helped? 0 GO 0 NGO 0 weal Doctor 0 None

2.25 Are you advised to use alternative sources of safe drinking water? i. Yes 0 ii. No 0

rfyes, who told you?? 0 GO 0 NGO 0 None

2.26 What are the exiting alternative sources of safe drinking water in your village?

Sources
1. Dee tubewell
2. Pond
3. Rin well
4. River
5. Canal
6. Rainwater harvestin
7. Otben

2.27 What are the conditions of existing sources of drinking water?

Drinkable
Yes No

1. Tllbewell
2. Dee tllhcwcll
3. Pond
4. Rin well
S. River
6. Canal
7. Rainwater harvestin
8. Otbers

2.28 Relative dIstance of the eXlstmg sources of drinking water from the house of the household:

Sources
I. Tubewell
2. Dee tuheweJl
3. Pond
4. Rin well
S. River
6. Canal
7. Others

2.29 Do you avail safe drinking water? i Yes 0 ii. No 0

2.30 !fyes, what is the source? 0 Filtering, 0 Pond sand Filter 0 Dccp tubewell 0 Pond

o we110 River 0 Canal 0 Rain water Harvesting 0 Others (Spe<:ifYl

2.31 Would you have to pay for safe drinking "water? 1. Yes 0 ii. No 0

2.32 If yes, how much money per month? "-.-----------------
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2.33 To whom you pay? ----------------------

234 Uno, who provide you safe drinkmg v.:ater'l

T

GO

NGO

2.35 How much water 1Sneeded for your family per day')

Purpose
~:.aR~~r

Tk.
Litter (If anD\icab~

Drinkin and cookin
Bathin and washin' clothes
Other

2.36 Mention the duration of water stagnation in existing sources in your village

Month

2.37 Is there any method or technique to harvest ramwater during wet season m the village?

i. YesDii. NoD

2.38 Do you harvest rainwater during wet season? i. Yes 0 il No 0

2.39 If yes, from when it is going on? From the year ------------------------

2.40 How many days you can use as drinking water oftlus harvested rainwater? -----------

2.4\ How it is cost to harvest ram water in a season? --------------------------------------- Tk.

2.42 For what purpose you are using harvestmg rainwater? (Use priority ranking as described by

the respondent)

2.43 Who helped you to exist the technique? 0 GO 0 NGO 0 None

2.44 Mention your roof material : 0 Pacea 0 Tin 0 Straw 0 Others
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245 Respondent's perception of satisfaction ofprovidcd safe drinking facilities (Please use tick

mark on each itemivanable relevant to the level of satisfaction)

A

'"

V'",

,
"

Atte tableSatisfaclo

XII,

XII'

it.nl,f\{ariabl.
Localionofw,'or source
Numberof water source

'", J"'tion ofwalor st, nal'on in nd
lV, aliI of ondwaler
v. aliI ofwaler '" I fromlubewell
Vl, ualil oftubowoll waler
VII, Ac<:"".ibilit of walorfromlllbewell

Availabilit of safcdrinkin water
Walortest b I~eGOINGO
Fillenn ,stem b the GOINGO
Pond SandFilter;n Sv'tem
'~'nin<daWarin ,stem b rheGOINGO
Hoi th servin & Finll11emb rheGOfNGO ,
COSIfor ,afe drinkin' water
R.inwalcr~arvostm s ,tern
Cost for Rainwaterharva'lin

2.46 Respondent's perception of problems related to safe drinking water supply facilities (Use

priority ranking as descnbe by the respondent).

No. Prabl.ms R.lated to Waler S~ Facililies Rank,
I. Locationofwater source is not sarisfacto
2 0 of wate, S(lUr",:~ol ,"lisfaClo
3 ~",tion ofwate, ~~ion m ond is short in lime
4 Pond/wollwater i, not UTe
5. Safcdrinkingwateris notavailabk

o. '~bCWCliwater ISarsonicaffected
7, alor '" I fromlllbewellis insumClent
8 Wate' urificalions slomlSnot ClOd
9. GOIl'GO docsnotmake awarethe eo Ie
10 GOiNGO did not mote 0 or actionfor the remedy
t t at", fillcri~ stem is co,tlv
12 Watorfill"~ stemis be ond oa acitv
t3 RAinwaterharve"i s ,Iem is not existed

2.47 Other Comments Related to Water Supply -------------.----------------------------------------

------------------------------------------------_.-----------------------------------------._----------------
---------_.----------------_._-----------------------------------------------------------------------------
-_.------------------------------------ ..--------------._--------------------------_._----------------------
-------------------------------_.--.----------------------------------------------_._.-----------------------
---------_._-------------------------------------------------------------------------------_.---------------

Thank you for your kind co-operation.

Name of the Interviewer --------------------------------------------- Date' ------------------------------
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uro an Countries
Australia

, "
Canada
USA
an ladesh
India

APPENDIX; 02 TABULAR PRESENTATION OF DATA

Tabel-I; Guide Line Values of Arsenic.

--'C"C,O,O,OdO,O,--,CQ"',O,:,O"O":':,"f'AC,:,:,:,""C,".:-1
- ner liter of water.

,01 mn
0007 m'.
,01 m '.
025m
..05 m '.
05 m'
05 m'

I. ThiS value was fixed in 1993. The earlier value was ,OSmglL.

2. The USA tries to chang" thiS value into 0,02 mg/L within the year 2002

Source: Ahmed, S A, (2000), Arsenic, Dhaka,

Table-2: Arsenic Statistics from the National Hydro-chemical Snniey (2000).

Tubewell B De th Number % Tnbewell A, . concentration Ll
<15m 287 8 58
IS-30m 1180 33 76

Shallow tl.lbewcll 3060m 1258 36 56
60-90m 317 9 33
90-150m <65 5 45
ISO-200m 32 I 7

Deco tu1x:well 200m 295 8 3
Total 3534 100 55

Source: National Hydro-chemical Su[\'ey, 2000

Table-3: Sex Composition uftbe Famil)' Members ofthe Households.

Sex Com osition Fre ueney Pereenta ,
Male 668 57.80
Female 484 H,20

Tntal 1147 100

Source: Field Survey, 2000.
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Table-4: Educational Status of the Family Members of the Households.

Education Status
llliterate
Primarv
Seeonda
S,S,C
H. S.c.
De ee and Above
Others

Total

)<"re uencv
175
437
267
118
84
53
14
1147

Source: Field Survey, 2000

Table-5 : Occupation of the Household Head.

Type of Occupation
Primary oecll alion Seconda oeeu ation

Fre uene 'Yo h~ne %
Farmer 82 41 26 76,47
Day Labourer 4 2 2 5.88
House hold Worker . . .
Service Holder Private 17 850 1 2.94
Service Holdcr (Govt ) 20 10 . .
Business man 51 25,50 4 11 76
Student 1 050 . .
Unem 10 ed 6 3 . .
Others 19 950 2 5.88

Total '"0 1110 34 1110

Source' Field Survey, 2000.

Table-6: Expenditure ofthe Household per Month (Tk.).

E, ense Per Month Tk. lire nenev Percenta ,
0.1000 , 1 .50

1001-2000 8 4
2001-3000 37 1850
30014000 , 43 21 50
4001-5000 46 23
5000+ 65 32,50
Total I 200 100

Sourcc' Field Survey, 200fl,
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Tllble-7 : Monthly Family Expenditure of the Household (Tk).

Expenditure (Tk.) For Food For Clotbin
fOre ueney % F" uenc' %

0_1000 28 14 141 70.50
1001-2000 48 24 35 17.50
2001-3000 62 )I 19 950
30014000 23 I 1 50 3 1.50
4001-5000 19 9,50 I .50
5000-1 20 10.00 I .50

Total 201l 100 200 lOll

Source: Field Survey, 2000

Tablc-8 : Information about the Alternative Sourees of Water in Case of Gettjn~ Insufficient
'"Vater at all the Seasons from the Existing Sources.

Alternatiw Sources I<'re uenc Percenla ,
Pond 69 80.23
Contaminated Tubewell I 1.16
Others 16 18.60

TOlal 86 1 DO

Source: Fjeld SllTvey, 2000

Table-9: Information about the Condition oflhe Arsenic Affected Tubewell.

Condition of the arsenic Frequency Percentage
affected Tubewell

Ruomn 182 91
Not runmo' , 18 9

rotaf 201l 100
Source' Field Survey, 2000

Table-IO: Information about the Time of Detection of Arsenic in tbe Tubewell Water first.

Detection (If arsenic in l'rellueney Percentage
Tuhewell water before

the time of
IsUn'cv(April,2000)

One Month I I .5
Two Months 30 15
Three Months 62 31
Four Months 27 135
Five Months 21 105
Six Months 30 15
Abow Six Months 29 14.5

Total 201l lOll
Source: Field Survey, 2000
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Table-It: Information about how the People came to know the presence of Arsenic in
Tubewcll Water first.

Sources of information ahout the Frequency Percentage
nresence of arsenic in Tubcwell

B GO's water test 49 24.50
B NGO's walcrlcst 150 75
B SelfWatertesl 1 .50

Total 200 100

Source: Field Survey, 2000.

Table-12 : Information about the Treatment Condition of the Arsenic Affected People.

Treatment Condition Fre uencv Percrnta ,
ITook Treatment 16 8

Did not take treatment 184 92
Total 200 100

Source: Field Survey, 2000.

Table- 13 : Information about the Sources of Treatment facilities Availing by the Arsenic
Affected Patient.

Sources of treatment facilities availing Frequency Percentage
bv the arsenic affocted "atient

Local Ooclor's 8 61.54
NGO 5 38.46

Total 13 100

Source: F,eld Survey, 2000.

Table-14 : Information about Working Condition of the Arsenic Affected Patient.

Workin condition Fr uencv Percenta e
Workin normalJ' 10 76,9
Can not work I 7,7
o not et work 1 7.7

Sociallvne Jected I 7.7
Total 13 100

Source: Field Survey, 2000.
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TableoI5 : Information about thc death of the Family Member of the Household due to
Arsenic Affect.

Death condition due to frequency Percentage
arseuic affect

Died 3 1.50
Not died 197 98,50

Total 200 100
Source' Field Survey, 2000.

Table-I6 : Informatiou about thc Advising Authority not to Drink Contaminated Water.

Advisin Autboritv
GO's
NOD's
None

Total

Source: Field Survey, 2000.

Fre UenCY
46
148
6
100

3
100

Table-I? : luformation about the Providing Authority of Safe Drinking Water.

Providing Authority of Safe Freqnency Percentage
Drinkinl! 'Yater

GO 139 6950
NGO 49 2450
Both GO & NGO 11 5,50
Self 1 50

Total 2 100

Source: Field Survey, 2000,

Table-18: Information about the Quantity of Drinking Water Needed per Family per day
(Litter).

Quantity of.~ater Frequency Percentage
(in Liter
0-20 37 18.50
21-40 43 21.50
41-60 39 19.50
61 _ 80 29 14.50
81 -100 26 13
100+ 26 13
Total 20U 100

Source: F,eld Survey, 2000,
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Tllble-19: Information about Rainwater Harvesting Ttthnique adopted/not adopted in the
Study Area.

Condition of Rainwater Frequency Percentage
Harvestin" Techniflue

Ado ted 36 18
Not Ado ted 164 82

Total 21111 100
Source' Field Survey. 2000,

Table-20 ; Information about the Duration of Use of time of Harvested Rainwater as
Drinking\Vater.

Duration of time of use of
harvested rainwater as Frequency Percentage

drinkin" water {in mon;h'
O~1 6 37.5
2~3 4 25
4~5 2 12.5
5~ 4 25

Total 16 100

Source: Field Survey. 2000,

Table-21 ; Information about the Assisting Authority to exist the Rainwater lIarvesting
Ttthnique. "

Assisting Authorit>. to exist lirequency Percentage
the RWH Teehniflue

GO 3 8.5
NGO 33 91.5

Total J6 100

Source' Field Survey, 2000.

Table-22 : Information about the Roof Material of the Household's Douses.

Roof Material F, uene Parellta ,
Paeea 4 ,
Tin 192 96
Straw 4 2

Total 200 11111

Source: Field Sl!fVey, 2000.
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APP":NOIX: 03 PHOTOGRAPHIC PR":S":N'I'ATION

A. Photognpbs of Exillting Water Soun:es in tbe Study Area

01. Pond, UIII''':lICaod
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B. Photognph5 ofTubewdb aslhe Sou~ of Water in the Study Area
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C-1. Pholognphs ofAlternative SafeWater SoU~fS in tbe Study Area
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C-2. Photognpbs of Altern.live S.fe Water Sources 10 tbe Study Am
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