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ABSTRACT

Arsenic contamination in groundwater and s loxic cffect on human heaith 1s a new public health

problem in Bangiadcesh. in Bangladesh more than 90% of the people are dependent on water
supply from the groundwater sources. For more than 30 years, tubewells have been introduced
for safe drinking water and domestic purposes. Bul very recently the arscnic contamunation in
groundwatcr and its effect on human health arc creating a problem among the people. The study
was undertaken to understand the present situation of arsemc contamination 1n drinking water of
Bangladesh. It attempts to know the extent and depth of arsenic occurrence i drinking water of
tubewells. DPHE, Grameen Bank, NIPSOM, BRAC, BUET and othct NGOs have tested
tubeweil water in the rural arcas of Bangladesh. IFor (s purposc, they have followed both
laboratory and [ield kit methods (speciaily NIPSOM kit & MERCK kit). Although arsenic
contamination was {irst dctected in Bangladesh by the Department of Public Health Engincenng
(DPHE) in 1993, no remarkable remedial activines were set forth uli 1996, According to the
latest survey information ol the povernmental and non-governmental organizations, about 59
Zilas out of 64 are marked as ersenic contaminated areas in Bangladesh About 65 million people
live in these Zias whose total area 15 87,390 sq. km. Most of them are Jiving at risk of being
alfected by arsenic contamination, Arsenic contamination was aiso found in other parts of the
world where no such risk situation 15 lound prevailing as 1n Bangladesh. A detailed questionnaire
survey was conducled to collect mformation on differemt aspects of arsemc contamination in
drinking water of tubewsells in the study area, Kachua Thana of Chandpur District. Using pomary
and sccondary data from rcputed and recopnized organizations involved in various arsenic
oriented programs along with the help of maps and other statistical techniques, the study is
formulated. From the study, it 15 revealed 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 alfected areas of Bangladesh, GO's end
NGO's are trying 1o promote different types of water options Kachua Thama of Chandpur
Dhistrict is considered as a vulnerable arca of arsenic comtarmmation in its groundwater and
different organizations take mitiatives to provide sale water options m the territory. The study
was under taken to know the extent of the problem and remedial initiatives taken by different

organizations m Kachua Thana of Chandpur District.
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1.1  Background and Present Statc of the Problem :
The arsenic contamination in the dninking water has emerged as a new problem in Bangladesh.
During the past three decades, Bangladesh successfully campaigned for safe drinking water from
ils groundwater resources and as a result, over 95% of its population now depends on
groundwater. People have chosen the tube-wells as the casy and convenient method for getting
safe drinking water. Some governmental and non-governmental organizations have installed 4
million hand-driven tubewells throughout the country, About 2 million hand-driven tube-wells
were installed from 1960 to 1995 wath the financial assistance of UNICEF. People have been
using this water for different purposes like bathing, washing clothes and principally for dnnking
and cooking food Unfortunately, it is found that water drawn from underground by tubewells of

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

The Department of Public Health Enginecring (DPHE} has conducted many surveys to estimate
arsenic contamination in tubewell water samples both at national and Jocal levels Taking into
the issue, U has completed & wide survey and has tested water of over 23,000 tube wells.
Bangladesh Rural Advancement Committee {BRAC) cenducted an extensive semi-quantitative
analysis in Hajigonj Thana of Chandpur District that consistéd of samples from 12000 wells
Dhaka Community Hospital {DCHY}, in collaboration with the School of Environmental Studies
{SoES), Jadavpur University, India, enalyzed 8,000 samples and reported that 55 to 60 per cent
of the samples from the affecied arcas contained arsemc having a higher concentration than the
acceptable national standard of 0.05mg/L DBangladesh Universily ol Cngineering and
Technology (BUET) analyzed another 1,210 samples and rcporied that 61% and 33% of the
samples contained arsenic above WHQO and Bangiadesh Standards for dooking purposes,
respectively. Thus several povernment organizations have launched their programs to detect
arsenic polluted areas throughout the country. In 1998, arseme was found in tube-well waters of
dilferent villages under 147 Thanas of 44 distoets out of tolal 64 districts of the country Butin
1999, arsenic has been found at 211 Thanas of 39 distnicts (BBS, 1998). The volume of arsemc
affected area has increased by a larpe amount in the year 1998 than in the year 1997, According
to the findings, arsenic conlamination in drinking water is high in the southern and north-eastern

part of Bangladesh {Khan, 1958}

According to the BBS report 1998, 20 million people of the couniry have been affected by

arsemc and about 70 million people, which 15 more than half of the tolal population of the

CHAPTER: 81 INTRODUCTION 1
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country, are within the risk of being affected by arsenic contamination. It also shows that 10
persons have died from arsemc comamination. The number of arsenic alfected 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
acceplable soiution for this problem has yot been found. Morcaver, no large-scale project has yct
been waken in our country by the government or non-government agencies to prevent an arsenic
disaster. Most of the orgamzations have confined their programs mainly to collect information
and research on health condition and education of the people. To overcome the problem nrl to
minimize the eflects of this problem, the alternative source of safe drnking water should be
identified in context of economic and social affordability of the rural people of Bangladesh,

1.2 Objectives of the Study :

Objectives

The following objectives have been set for the study

» To smdy the extent and nature of the arsenic contamnation in the drinking water 1n

the study arca (Data is avaiiable from the secondary sources)

»  To idemtify and evaluate the initiatives taken by the govemmental and non-

governmenial organizations to mitigate arscnic contamination in drinking water.

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

the study arca.

*  To assess community awarencss and perception.

=  To suggest some pohcy gudelines 1o integrate alternative sources to cxisting sources

to mitigate the severity of arsenic problem of rural people in Bangladesh.

i3 Statement of the Problem :

The specific aims of the study are to find out alternative viable sources of safe drinking water and
to formulate some policies for the development of arsemic conlamination situahion m the study
srea This study may also help different governmental orgamzations and non-governmentat
organizations to make suslainable projects to mitigate ihe arsemic contamination problem in

drinking walcr in Bangladesh.

13
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1.4 Rationale of the Siudy :

This study is highly needed immediately because of the alarming situation of arsenic
contamination in donking water of tubewells in rural areas of Bangladesh. Tt 1s expected that the
result of the study will provide economically viable source of safe dnnking water for rural
people. It will also provide some guidehines that may help govermental and non-governmenlal
orpanizations such as DPHE, UNICEF and DCH to mitigate the arsenic problem in drinking

water in rural areas of Bangladesh.

1.5 Selection of Study Area
According to the UNICEF report, 95% tubewell water of Kachua Thana of Chandpur Disiiet 1s

arscnic contaminated. Through literature review and reconnaissance survey, it is known that
Kachua Thana is one of the most arsenic prone areas in Bangladesh. This pre-concept heiped to
select Kachua Thana of Chandpur District as the study area. The detail questionnarre survey was
conducied 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 coniaminated tubewells and organizational activities

in the affected areas in the study area.

1.6 Scope and Limitations of the Study
Due to tune and resource constraints, approgriate sample size can not be {aken for the study and

also the scope 15 limited to particnlar fields for questionnaire survey.

1.7 Orgapization of the Study
The thesis is divided into erght chapters to fullit) 1he objectives of the study.

Chapter 01 basically discusses the background of the problem, objecuves of Lhe problem,
statement of the problem, rationale of the study, selection of the study area, scope and limilation

of the study and finally orgemization of the study.

Chapter 02 deals with research design and survey methodology. A fow chart 1s provided 1o
show the desipn of the process, which includes literature survey, inventory/reconnzissance
survey, type of survey, sample size, data gathering method, type of survey dala, focation, time &
day of survey, questionnaire preparabon, conducting survey end finally daia anslysis end

represeniation

CHAPTER: 41 INTRODUCTION 3
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of use of water availing from arsenic afTecied tubewells, about the advising authonity not to dnnk
comaminated water, sbout the condition of availling arsenic free water, about the condition of
waler [ltering instruments, about the condition of availing health semice facilines and the
providers of facilities, about the existing alternative sources of safe drinking watcr in the study
greg, about the drinking condition of water of the existing sources, about the relative distance of
the existing sources of dnnking water from the houses of the households, about the condition of
availing saft drinking water, about the providing authorily of safe drinking water, about the
quantity of drinking water needed per family per day, about the availabibity ef water from the
existing watcr sources, about the condition of rainwater harvesting lechnique in the study area,
about the time of harvesting ramn water by the households themselves, about the purpose of use
of harvested raimwater (in prionity basis), about the dumation of use of harvested rainwater as
drinking water, about the assisling authonty to exist the rminwater harvesting techmique, aboun

the roof matenal of the household's houses, about the problems related to safe dnnking water etc.

Chapter 07 contains findings and recommendations of the study. It compriscs the general
findings come out from the Analysis Chapter and some policy guidelines to mitigate the problem

of arsenic conlamination in donking water in {ubewells in rural arcas of Bangladesh
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CHAPTER: 02 RESEARCH DESIGN & SURVEY METHODOLOGY

2.1 Introduction :

Dutline of methodology/experimental design is kmited to lilcrature survey, inventory/reconnaissance
survey, selection of sample size, questionnaire preparation & survey, discussion with concemed
authorities & local bodics, data analysis & representation. The follewing methodoiogical procedures

are followed to fulfilt the objectives of the study and it 1s shown in a flow diagram.

2.2 Literature Survey :
An intensive hiterature survey was underlaken to acquire knowledge regarding arscnic conlamination
in water in tubewclls 1n different areas of Bangladesh. Atempls were wken to gather information

regarding arsenic contamination of groundwater both in Bangladesh and abread

2.} Inventory/Reconnaissance Survey :
Initial inventones/reconnaissance survey has been done to sdentity the proper location of the

study erea, to locate the distribution of the tubewells, ponds, nver and other sources of safe

drinking water in the study arca.

2.4 Survey Design :
Survey design of the study 1s divided into five steps. They arc types of survey, sample size, dala

pathenng method. selection of kocation, time & day of survey

A simple random survey and visual survey has been selected Lo achieve the objectives of the study.

A sample sizc of 200 households {about 39% of the tolal population of the study area) has been
pre selected from 50262 households in 12 Unions named Ashrafpur, Bilara, Unar Gohata,
Dakshin Gohata, Uttar Kachua, Dakshin Kachua, Kadla, Karata, Purba Pathair, Paschom Pathar,
Purba Sahadevpur and Paschim Sahadevpur,

Face to face mterview has been conducted to gather data using a detailed questionnaire. Direct
visual obscrvation has dome 1o identify comaminated tubewells, sources of water, collection of
waler by the villagers, Jocation of the alternative safe water options and the affected people in the

study area.

The survey data comprises a combination of profile data, psychological and behavioral data.

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

Kachua Thana of Chandpur disttict. It1s 80 milcs 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 arsemc
contaminaton problem in tubewell water, its consequences and to find out the viable safe
drinking water options in the study area. Emphasize was also gven to study different aspects of
the problem, present condition of waler sources, people's attitude to usc tubewell water, seventy
of the problem, awareness of the people about the problem, ahemative 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 differemt problems rclated o arsenic contamination in tubewell water 1n Kachua

Thana of Chandpur District.

2.6 Dara Analysis& Representation :
MS Word, and Exce] 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 Precparation :
Severzl arca maps are prepared to show the distnibution of arsenic contaminated tubewells,

arsenic affected areas,and distribution of altcmative water sources in the study area.
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Fiow Diagram-01:
FLOW DIAGRAM OF RESEARCH DESIGN

CONCEPTHALIZATION
- PReading journals, Periodizals, Books
- From seminars

!

LITERATURE S5URVEY
- Reading refevent books in the library of
BUET, UNICEF, UNDP

l

INVENTORY/RECONNAISSANCE SURVEY

!

SELECTION OF APPROPRIATE SAMPLE 5IZE
- Considering number of households. villages of the study area
- Sirength of the survey team & survey durarion.

QUESTIHONNAIRE SURYEY

Cruestions were sel (o know ;

Present condition of water sources,
Arsenic conlamination situation
People's awareness,

Aliernarive water options,
Proximity of the water options
Economic viability of the options
Feople's peroeptions

Probable solutions

—

DISCUSS10N WITH CONCERNED
AUTHORITIES AND LOCAL BODIES
Expenis & higher officials of DFHE & UNICEF

\0

DATA ANALYSIS
Showing intarmation in
Tabular Form

Maps

.

FINDINGS AND POLICY RECOMMENDATIONS
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CHAPTER: 03 LITERATURE REVIEW

3.1 Introduction :
[n Lhus Chapter relevant literature has been reviewed to get a betler understanding of dilferent

issues retaled to “Allernative Sources of Safe Drinking Water for the Arsenic Alfected Arcas in

Kachua Thana of Chandpur Dnstrict .

What is Arsenic :

Arsenic (As) is a semi-metal. It is denived from the Greek name “arsemikon” originally applied to
mineral 'Orpiment’ (Alam et al., 2000) Iis chemical properics and position in the penodic table
reveal 1t 10 be a nonmetal with certain propertics of metals. It 1s often called a metalioid Arsenic
is a native element. It is gray or white in color {DCIH, 1998). It is found in the nature as noTanic
and organic compounds. Inorganic arseni¢ is more toxic than the organic ones. [norganic arsenic
is divided 1nto two types: trivalent and pentavaient. The tnvalent morganic arsenic is 60 times
mote 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 exist in
water. These are arsenile, arsenate, monomethyl arsenic actd and dimethyl arsenic acid. But in
the proundwater, arscaic predominantly occurs 1n the tnvalent and pentavalent forms. These two
have been found in the groundwater of Bangladesh and West Bengal (DCH, 1998).

" As many as 1350 species of arsenic bearing minerals exist in the carth, bid only three of them are
considered as arsenic orc. Because, the amount of arsenic is higher 1n these compounds.
Moreover, thev arc more available than other arsenic compounds. These dim compounds are
Realgar or arsenic disulfide {As;S:), orpiment or arsenic or arsenic tri-sullide {As:S:) and
arsenopyrite or ferus arsenic sullide (FeAsS). There are differences in the physical properties of
these three types of arsemic minerals, bid a common feature of them is garlic like odor.
Arsenopynie has been p6marily identified as the man source of arsenic pollution in the
groundwater or Bangladesh and West Bengal (DCH 1998) When arsenopyrite oxidized and
mixed with water, no smell is found in the water. The major minerals ol arsenic are as follows
(Alam K.1998) : Arsentopleite [CaFes(AsOq4J{OH).4H;0), Arsenite [PbsMnH{AsOx)];
Arsenoismite  [BixAsOq(OH);]).  Arsenolite  [{AS;0:);  Ascnopsliadinte  [Pbs{ AsSbl];
Arsenopolubasite |[(AgCu)e(AsSb)Sy], Arscnuranulite [Ca(Uo;) AsQ4)y(OH)..6H;0]; Silver
arsenite [AgaAsO,]; Cupnc Atsenite [Cus(As02)2H,0); Goldficldite [Cux(SBAS).(TeS:)]

Arsenic and its Use :

Use of arsenic dates back to early as early as 3000 BC when arsenic compounds were employed in
bronze alloys (Partingion, 1935) and were used for medicaments well before 400 BC. Use of arsenic
compounds for insechcides dates back to ancient tumes. The Chinese are believed 1o have used
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arsenic compounds as insecticides es early as 10th century AD. During the Middie Ages, arsenic
compounds were widely used i agriculture (Whorton, 1965), The invention of Pans Green (copper
acetoarsenile) as an msceticide to control potato beetle in 1868 by an Amencan farmer began the
widespread use of arsemic in agriculture, The success of Paris Green prompted the trial of London
Purple (a mixture of calcium arsenates and arsenites with some organic marter} as an insecticide and

(s was also quickly adopted by the agriculture industry {Whorton, 1569).

Arsenic compounds are being used in vanous industnies. The list of uses of arsenic compounds is

showm in Table-01

Table-1 : Main Uses of Arsenic Compounds

Arsenic Uses
Arsenz¢ metal = = lnalloys {in combination (0. 5% As) * Electro-photography
* Industrial bartery grid
High purity arsepic : " Semiconductor applications = Qptoclectronic devices
= Solar cells = Photoemissive surfaces
Calcivm and lead arsenate  :  * Pesticide on fruit crops * Dresiceant or defoliant
Arsenic Acid " Wood preservative salts
Soditm Arsenite : = Cattle and sheep dips = Aquatic weed contral
= Debarking trees = Defoliant for potato
Refined arsenic trioxide . = Decoloriser and as oxidationfreduction buffer in the production of lassware.
Paris Green {copper : = Sprays on apples and cherrics, vegetables and smat] frud, bawts and mosguito larvas
acectoarsenite).
Arsenit suelphide + = Pyrotechnics = Depilatory {leather industry)
Arsenic and arsenic acids ¢ ® Additives to motor fuel * Herbicides, fungicides and bactericides
= Corrosion inhibitors 1n stecd = 'eed additives

Source: Nriagu & Azeue, 1990

Arsenic Abundance in Nature :
Karl Vogel wrote ahout arsenic in 1928 “Jf ix an uncanny thought that this furfing poison
fursenic) is everywhere about us, ready to gam unsuspected enfrance to our bodies from the food

we cat, the water we drink and the air we breath”

This cmphasizes the oceurrence of arsenic in all natural environments i €. mn hithosphere, hydrosphere
and atmosphere. The natural concentrations in most cascs are harmless 1o public heaith. Recent
increases in anthropogenic activities have resulted in elevaled arsenic comcentrations in different
environments and pollution of air, soil and water has become a serious health hazard in differemt
parts of Lhe world. Arsemic concentrations i jgneous, metamorphic and sedimentary rocks vary
considerahly and these are the mam sources of arsenic in aqueous system, Sedimentary rocks
generally contan more arsemic (han igneous and metamorphic rock Suspended and bottum
sediments in most aguatic systems contain much higher concentmations of arsenic than in water. Coal

can conlain as much as 2000 mp/kg of arsemc (Onishi, 1969).

CHAFTER: 03 LITERATURE REYIEW 10



Arsenic is a ubiguitous element being widely distributed in the earth. Nature itself 1s a source of
arsenic. According to availability of natural elements in cavironment, the position of arsenic in
20th. The arsenic conlents of the earth’s crustis 1.5-2 me/kg. However, arsenic up to 330 mg can
prevail in per kg polluted sol. Arsenic poison can spread in air from the industrial wastes.
Generally, nominal amount of arsemc also cxists in waler, per liter naturzl waler contains 1-2
microgram of arsenic. Traceable quantity of arsemc is also found in most of frnts, vegelable,
fish and mcat But high leve! of arsenic exists in scawater. Foods of marine ongin are much
richer in arsenic than other foods. Arsenic up to 5 microgram can be found in per kg of sea fish,
Arsenic also exists in lava of volcano. Geothermal system and uranium and gold mines are the

sources of the arsenic. 1t occurs in the air in areas where coal is bnmt, parlicutar]y near smelters

and refinenes {DCH, 1998}

Cycle of Arsenic :
The environmental cycle of arsemc is shown in Lhe flow diagram-02,

Flow Diagram-02: The environmental cycle of arsenic (Bunmbla and Keefer, 1999)

Atmosphere
Pl 4 :\

I .

Mining N Agriculture Noo-agriculture
Smeltin *| Posticides, Fertilizers Fossil fuel,
me E SalC1aes, ' F, lmlustl'}’, USES
¥ Jr I
Hydrosphere . Biosphere "
Oceans & |, Mammals, Aquatic , Sgﬁdg;g’i::[s
Groundwater Biota plants, Microbes i
F 9
Geosphere
Rocks, Salts,
Yolcanoes

Source : Khan, Mohjuddin Md. Timur, (1999), A study on Techmques of Arsenic Removal from
Drinking water, An MS thesis, Department of Civil Engineermg, BUET.
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3.2 Contamination of the Enviconment with Arsenic

The application of arsenic herbicides and pesticides represents a primary source of environmental
potlution with arsenic. Manufacturing of arsenical pesticides can result in the discharge of arsenic
during transponation, distibution and storage to the environment. The cumulative quantity of
pesticidal arsenic that has been released to the environment 1s subsiantial. [t has been suggested
that on a global basis, 65% of the awrbome arsenic is denved from the smelung of basc metal ores
(Nriagu and Pacyna, 1988). Burning of timber trcated wath cacodylic acid has been found {o be an
impontant source of airbome arsenic acid i the UK and the disposal of the ashes of such timber
contributes significantly to the arsemc burden of the soil (Hutten and Symen, 1986). The main
sources of arscnic pollution in surface waters include domestic and industrial wastewater, electrical
power plants, base metal mining and smelting, and fali out of contammated acrosols. Arsenic in
soils can be derived cither naturally from weathering of arsemc comaining rocks and minerals or
through wnputs of wasles from human activitics.

Toxicity of Arsenic :
1. Arsenic and ccrlain arsenic compounds are known carcinogens.

2. Amount of arseme intake required to cause harmful effect depends on the chemicaE and
physical form of arsenic.

Inorganic forms of arsenic are more toxic than organic forms.

Water soluble forms are more toxic

Humans are rmost sensibive to arsenic than animals.

o W

Studies in humans indicate considerable vartation ainong individuals

- Some humans can ingest over 150 pgikp/day withoul! apparent 1ll-gflects

- Sensitive mdividuals are affected at 20 pp/kg/day (1000-1300 pe'kg/day for adults)

7. Doses of 600-700 pgke/day (around 50000 pg/hkg/day for adulis; 3,600 ug'ke/day for

infants) have caused death in some cases.

33 Provisipnal WIIO Guideline Value for Arsenic :

The WIID Guideline valuc of a substance is estabhished as the concentration in drinking water
associated with an estimated excess lifetime cancer risk of 107 i ¢ one additional incidence of
cancer per 100,000 population inpesting drinking water with the substance at the guidehne valne
for 70 years. The WHO also cstablishes provisional gwidelme value; the term “Provisionel

muidelme value’ 15 used when

. There is some evidence of a potential hazard but where the available information on
health elfects is limited,

. The caleulated Guideline Valne is below the pracucat quantificaton level,

CHAFTER: 03 LIFERATURE REVIEW 12



= The calculated health-based Guideline Value 15 below the level that can be achicved

through practical {reaiment methods;

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

disinfection procedurcs (WHO, 1993},

WHO established the guideline value of 0.01 mg/I. or 10ug/L for arscnic in 1993 {WHO, 1993}

recognizing the facts that -

»  Inorganc arsenic 1s a documented human carcinogen.

s The gudeline value of arsenic in drinking water based on health eriteria is too low for

practical implemeniation/compliatice in water supply.

. The guideline value for arscnic is restricted by measurement limitations, and

0.01mg/L 15 the realistic limi for measurement,

*  Most ireatment process can reduce arseme to 0.01 mg/L

National Standards for Arsenic :

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

development of the natronal standards. The local or national environmmental, social, economic and

cultura! conditions are considered to fix up the standard.

Table-2 : The currently accepted national standards of few countries for arsenic in drinking water

Countrics | bti:‘;ffd’ Countries St':;];?rd’
Australia (1996} 0.007 Bahrain .05
European Unton {1998) ( 0.01 Bangladest {1997} 0.05
Japan (1993) { 0.0} Bolivia (1997} 0.05
Jordan(1991) ' 0.01 China 0.05
Laos(1999) 0 Gl Egypl( 1995} (.05
Mongolia (1998} 0.01 India (.05
Wamibia 0.0} Indonesia { 19%0) D.05
Svria (1994} 0.01 Oman 0.05
USA (2001} .01 Mexico* 0.05
Canada 0.025 Philippines (1978} 0.05

Szudi Arabia 0.05
Sn Lanka (1983) 0.05
Viet Nam (1989) 0.05
Zimbabwe 0.05

* Considenng to lower the standard from .05 mg/L
Saurce . Ahmed, M. F., 2003, Arsenic Conlammination ; Bangladesh Perspective.

The WHO provisional guideline value of 0.01 mg/L has been adopted as the nationat standard

for arsenic 1n drinking water in many countrics of the world, whilc many other countrics have
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retained the earlier WHO guideline value of 0.05 my/L as the national standard or as an interim
target Some of the countnies are trying fo adopt lower standard for arsenic in drinking water

Guideline values or siandards indicate the maximum allowable limit but it is always desirable to
reduce arsemc content in drinking waler as low as possible, The financial burden of lowenng
acceptable levels of arsenic in drinking water 18 huge for the counirics like Bangladesh where most of
shallow aquifers mainly used for watcr suppiy are contaminated. Tabic 1 shows the currently

accepted national standards of selected countrics for arsenic in drinking water (Yamamura, 2002)

Bangladesh Standard for Arsenic !

In Bangladesh, the first water quality standards wore published m December 1976 by the then
Water Pollution Control Board. These standards rclate to water quahity parameters for dnnking
waler, recreational water and fishing water. The drinking water standards were based on the
WHO 1963 and 1971 International Drinking Water Standards, with some minor modifications
{Ahmed M.F 2003). Tn 1984, WHO pubhshed guideline values to promote devclopment of
national standards depending on the cxisting quality of water, economic and social conditions
and technical capabilites ot individual countrics. Since then a revision of Bangladesh Water
Quality Standards was felt deswable by the authorites concerned. The Government of
Bangladesh constituled an expert commitiee in 1988 to preparc a comprehensive environmenltal
quality standard {EQS) for Bangladesh. In the mean time, Bangiadesh Standard Specification for
Drinking Water (BDS 1240 : 989) was prepared and published by the Bangladesh Standard and

Testing Institation (BSTT) with 0.05mg/L as standard for arsenic m dnnking water

Compliance with WHO Guideline Valuc ;

1t 15 evident that arsenic at low concentrations can pose a risk to human health, So 1t is essential
to keep the arsenic content in drinking water as low as possible. But considenng the cxisting
modes of water supply, technical and cconomic conditions, it 1s not always possibie for many
countries to comply with the WHO provisional guideline value or a lower standard for ersenie in
dninking water. The lower standards in some countnes would imply prohibitively large increase
in the cost of water treatment or abstraction of altermative saftc water sources. Some of the
immediate problems to adopt a lower standard for arsenic nclude:

» Abandomng of many existing water supply systems.

» Abandoning of existmg trcatment facihties for their inabihity to reducc arsenic
content to desired level.
» Huge cost of development of alternative water supply systems,

v Lack of adequate monitoring capabilities o implement the reviscd standard.
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The adoption of the WHO guideline value as the standard for arsenic is much more dilficult n
Bangiadesh, The possible implications are
»  an estimated 46% of the tubewell will have w be declared unsuitable for dnnking
water supply.
= the low-cost coagulation based water treatment options and existing natural iron
based water treatment facilies established in few urban centers are to be abandoned;
= alicmative water supply systems are to be developed for 49 million people exposed
1o arsenic higher than 10pg/L;
»  the existing arsenic testing facihity by feld kit at loca! level to be discontinued because
of its low accuracy at 10 pe/I. lcvel and replaced by costly laboratory methods.

Table-3 : Parameters for establishing Guideline Values for drinking water.

| Parameters |  WHO Siandard Value | Bangladesh Value (Assumed) i
Water Consumption 2L/Capite/day 3L/Capita/day .|
Body weight 60 K. 60 Kp. !

| Life span 70 years 68 years !

Source : Ahmed, M. F., 2003, Arsenic Contamination : Bangladesh Perspoctive.

3.4 Arsenie Transformation Mechanism :

Geologically deposited alluvial sedirmenis comtaining sulphide mincrals ic, Realgar (Arsenic
sulphide AsS), Omiment {Arsenic Trisulphidc As;S8;) and Arsenopyrite release arsemc to the
nature by weathering process. The Ganges river carmied sediments containing pytile, arsenopyrite

and pollutes the groundwater with arsenic.

Rocks
¥
Weathering Process
¥
Forming Arseme Trioxide
¥
Contact with GW Produces slightly soiuble arscnic

¥

Due to GW level fluctuations {lowenng of GW level) in aerobic
condition Tron pyrite becomes Oxidized.

v

Coming conlact with GW forming Arsenic pentoxide {AS:0s) which forms
gasily soluble arscnic acaid (1L AsOy}

Source ; Rahman, M. H_, Islam, M. B., Ahmed, Mushfique, 1997,
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Arsenic Removal Technologics :

The relative advantages and disadvantages of different methods have been presented in the

Table-4.

Table-4 : Conventional Arsenic Remaval Technologics:

1 Technologies

Advantages

Tisadvaniages

Co-precipitation :

+  Alum Cosgulation » Relatively low capital cost + Produces toxic sludge
= Irpa Coagutation s Relatively simple operation s  Low remaval of As{1l)
» Lime Softentng » Common chemicals available » Pre-oxidation may be required
& pH Adjustment (5 requured
Corptient Technigues -
s Actvated Alumima ¢ Relmively well known and commeroally |« Produces wede solid waste
» Tron Coated Sand avabable + Replacement/regeneration required
¢ [on Exchange Resin *  Well defined technique # High tech operation and maintenance
» Other Sorbenis » Plenty possibililies and scope of [« Relatvely high cost

development

Membrane Techuigues :
« Reverse nsmosis .

s Eiectro-thalysis

Well defined] wnd ngh removal efficiency | »
Mo tosae sobid wastes produced. -
C apahle of removal of odher contamingnts |«
= Should be less costly
#  Higher effectiveness

Very high capital and running cost
High tech operation and mamtenance
Texic wastewster produced

Micrahial Provesses
s Microbial Oxidarion .
o  Microial Hemoval *

Mot yet fully established
R.equire extensive research

Should be less costly
Higher effechiveness -

Source: Ahmed, M.F., 2001, Water Supply Options i Arsenic Affected Rural Areas.

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

Arseniec Contamination of Groundwater :

Arsenic 1y the twenticth most abundant element in the carth’s crust, Tt has an averape crustal
abundance of approximately 2 mg/kp Under certain conditions it can occur at considerably
higher concentrations 1n groundwater that causes most health-related problems Investigations
over the last few years have identified problems with arsenic in groundwater in a number of
different hydro-geolopica! envirenments and new arsenic-rich groundwater are being found 1n

many countnes,

Arsenic has long been a recognized problem in sulphide mining areas 1n many pans of the world.
Mining operations enhance the degree of oxidation of arsenic-nch sulphide minerals and lcad to
release of arsenic to groundwater snd surface water. Such contemination problems are ofien
severe locally as a result of the potentially very high concentrations present in sulphide minerals.
Elevated arsenic concentration due 1o natural seological sources has been reported from different
parts of the world such as Taiwan, Argeniina, USA, Mexico, West Bengal, India etc. Similarly

cases of elevated arsenic concentrations due w pollution from anthropogenic sources have aiso
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been reporied from Behala m Caleutta (due to disposal of arsenic from a Puris (reen
(acetoarsenite) manufacturing plant and Ghana (due to gold mining achvity) Major arsemc

contamination in groundwater has been reported from the following countries:

3.5.1 Argentina :
Several regions of Argentina havc been affected by natural arsenic contamination of which the

Cordoba province in the central part 1s the best studied. High arsemic levels in drinking water
ranging up to more than 2.0 mg/L have been repeatedly measured. About 53,000 people have
been drinking water with more than 0.05 mg/L. Other extensive arcas of arsenic contamination
of groundwater are found in Argentine. The source of the contamination is naturai, related to the

rock composition of the area,

The first not fication of waterbom arsenicosis was as early as the begimning of the 20" century.
The term “Beil Ville disease™ was used to describe skin manifestations causes by arsemc. About

2 million people are exposed withun about 1 Km® affected area in Argentina.

3.5.2 Austrulia

There are thousands of arsenic contaminated sites 1 Australia (Jack, CN.,1997).

3:5.3 Cambodia :

First detected dunng 199972000, 100 samples indicating 9% above WHO Provisional Guideline
Value (GY) of 0.01mg/L. Since then, 1,739 samples have been tested n 15 provinces indicaung 5%
above Cambodian provisional level of ¢.05mg/L. and 14% above WHO GV of 00 1 mg/L. Arsemc
in some wells 1 Kandal province found (o be above 1.0mp/L. Suspected arsenicosis patients found

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

3.5.4 Chile:

Chile is an example of surface water contamination by arsenic from netural sources. The north part
of the country has a history of arsenic exposure. It extends over an area of 125,000 sq. kin. with 2
population of over 4ﬂﬂ,ﬁm_ ‘The area has limiled sources of groundwater, The public water supply
of the erea brings water from the rivers high in he Andes by aqueducts. A number of rivers
originating m (fus area are naturally conleminated. In 1957 and following 12 years drinking water
comzined 800- 1,300ug/L of amsenic. In 1962 the first cases of arscnicosis were teported. It is
cstimated that 7% ol the deaths framn 1989-1993 arc caused by previous exposure t0 arsenic.
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Map : 01

Arsenic Contamination in Different Parts of the World.

- E.ﬁ:irﬁg
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Source : Ahmed, M.F., Arsenic Contamination : Bangladesh Perspective, 2003,
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3.5.5China :

The first case of arscnic poisoning was discovered 1 1990 Many of the arsenic aflected arces
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 watcr contaiming arsemc exceeding 30pg/L and
10pg/L respectively, The hiphest concentration detecied in the well water was 2460pg/L
(Ahmed, M F., 2003). More than 30,000 cases of arsenicosis dragnoscd so far. More SCILOUS
elfects were detected in China meluding high cancer mortaliry, Chronic arsemic poisoning from

using arsenic and Muoride rich ¢oal was reported 1n Guizhou province

3.5.6 England

A cohort of 478 paticnls trealed with Fowlers Solution (Potassium Arsenate} m England duning
the period of 1945-1969 has been passively followed until the end of 1990 (Evarns, S, 1997 A
smail area study of environment on arseric contamination and nisk of bladder cancer i 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 anthropogenic activities (Smedley et al, 1996). The concentration of arsenic in the
Kwabrafo River was 7.9 mg/L The high concentration was aitributed to mine pollution and

oxidation of arsenopyTie.

3.5.8 Mungary :

Bafore 1984, the arsemc conient of piped water in Karcag the great plain of Hungary with 24,000
inhabitants, was between 0.096 and 0. 130 m/L (Csanady, M, 1997). Arsenic contamination
has been identified in groundwater in alluvial sediment in the southem part of the Great
Hungarian Plain and about 1,10,000 sq kmn area consisting of quaternary sediment are
affected. Total Population exposed to arsenic contamination is about 22,000, Arsenmic

concentration was fonnd 1n the ranges of <2 to 176 pg/L.

3.5.9 India .

Arsenic conemination in groundwater n some districls of India is detected and they are as
follows: Malda, Mursidabad, Nadia, 24 Parpanah (Mazumderet af, 1992} Among them
sroundwater of Calcutt has been contaminated by man made sources. Groundwater in the Behala
arca of the city has been conaminated by amsente from a factory that bad been producing 'Paris

Green' for 20 years. The liquid waste from the factory was discharged imto an open drain
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connected (0 a canal Water samples from shallow tubewells, decp tube wells and tap water from
piped waler supplics were analyzed. Eight of 12 deep tubewells analyzed had <0.05 mg/L of
atsenic and the remainmg four 1n between 0.06-0.42 mg/L. Out of 43 shallow tubc wells 17 had
comained arsenic 1 the safe level and 28 had concentrations from 0. 1 to 58 me/L {10 wath more
than 50 mgT.) All the six tap water samples had arsenic less than 0 05 mg/l. (Mandal, B K,
1996).

3.5.10 Mexico:

Armienta (ei al, 1995) describe arsemic contamimation in groundwater of Zimpan Valley ncar
Mexico Ciry due (o mimng activities, Zimpan has been a minng district singe the seventeenth
gentury, mvoiving exploitation of silver, zinc and lead by selective fiotation. Solid wastes have
been piled up on the ground without any protection, Leaching of this solid waste has polluted
groundwater. Water samples were coltected from dug wells and deep lube wells. Twenty-two
groundwater samples were found Lo be contaminated with arsenic at concentrations of more than

0.028 mg/L, 19 had concentrations above the drinking water limit {0.05 mg/L).

3.5.11 Mongolia:

Luo ef af. (1997) describes the case of Inner Mongolia where arsenic contaminated groundwater
oocurs in a sunken lake basin covering an area of 4800 km2. The subterranean waier occurs in
Quaternary deposits and has a naturaily occunng high concentration of arsenic from the local
rock High levels of arsenic {Mainly A8 and bicarbonate arc found m the water. The aquifers
provide 8 reducing environment, nich in organic substances, in which arsenie easily moves and

accumulates,

3.5.12 Nepal :
Arschic conlaminated tubewells have been identified in 20 Termi districts. Esumated population

exposed 10 arsenic excecding 50pg/L is 350,000 (2 4% of poputation).

3.5.13 Pakistan :

Some arsemic contarmnated water sources have been found in Punjab and Sind Provinces of
Tndus basin. Preliminary study indicated that about 1% sources were contarminated with arsenic
exceeding 50pg/L and 11% sources had arsenic content within 10-50pg/L. The mtensity of

arsenic contaminated sources is higher in Sind as compared to Punjab.
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Source : Ahmed, . ., Arsenic Contamination : Eanglader;h Pergpective, 2003,
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3.5.14 Taiwan :

The arsemuc problem 1n Taiwan was first reported in 1968, Taiwan gave arsenicosis the name
“«Black Foot Disease” [irst. From the survey of over 83,000 wells, it is found that 19% of the
wells had arsenic fevels over 50pg/L. Moreover potential of cancer nisk due to arsemic exposure
first became cvident as a rcsult of studies done 1n Taiwan (Smith, A. H., 1997). Epidemiological

surveys indicate that three types of epidermic arsenocosss affeeted aress exist in the manland of

China and Taiwan {Xioying, 1997).

3.5.15 Thailand :

A cohort of subjects with arsenical skin Jesions was found assembled in 1987 from a region of
environmental arsenic contamination associated with {in 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 Thailand and toal affected area is 100 Km’.

3.5.16 United States:

The USA 1s probably the only arsenic alfected country which has carried out a nation wide
survey of arsenic occumence in drinking water n this country. About 347 000 people had
received public supphied water containing more than 30pg/L in this country and about 2.5
milhon people had received public water supplies containing more than 10u/L in this country.
Small water supphes serving 1,000 to 10,000 persons are contarninated with arseme exceeding
50pg/L, 10ug/L, and Spg/L. are estimated to be 1% , 7.5% and 13 % respectively in the USA.
Arsenic conmaminaled areas in the USA include about 2,060,000 km® 1 Arizona [ As upto
1300pe/L), 5,000 km® in Califorma (Arsenic 1 to 2 2600), 1,300 km’ in Nevada { Arsemic up o
2,600), Siudies from 1972 to 1982 showed cormrelation with specific skin allerations and

neurolopical abnormalities.

3.5.17 Yietnam :

Arsenic in groundwater was first deteeted in Hanoi in 1997, where arsenic content of 29% of the
wells were above 0.05 mg/L. Arsenic contamination of tubewell water has been found 1n the
large deltas of the Mekong and Red rivers in thrs country. In 199%, UNICEF supported study in. 7
Provinces in the Red River Della reported that 12% samples had shown above 0.05 mg/L
arsemic, Groundwater with average  arsenic concentration of 430pg/L and maximum arsemc
concentration of 3.000pa/L is durectly used as drnking water 1n most aflected districts of the
country Alarming levels of arsenic in the range of 2,000ug/T to, 3000 pg/L 10 groundwater werc
found on both sides of the Red River of this country.
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3.6 Problems due to Arsenic Contamination

3.6.1 Arsenic Coniamination and Human Health:

The degree of toxicity of arsenic depends on its chemical form and speciation (whether it is
organic of inorganic). Water with high level of arsenic leads to varicus heaith problems, such as
melanosis, lenko-mclanosis, hyperkeratosis, black foot disease,’ cardiovascular disease,
hepatemegaly, neuropathy and cancer. Arsenic accumulates in the hiver, kidney, heart and lungs
It is also deposited in bones, teeth and hair {(Khan, 1997). The wxicity of arsenic depends on the
chemical and physical forms of compound, the roule by which it cnters mto the body, the dose
and the duration of exposure, dietary compositions of interacting elements and the age and sex of

the exposed individnals.

Malnutrition and poor socio economic conditions aggravate the hazards of arsenic toxigity.
Although arsenicosts is not an infectious, conlagious or heredilary disease, arsenic toxicity
creates many social problems for the victims and thesr families (Khan & Ahmed, 1597).

Toxicity :

According to the various studies and publications, one will dic if he or she takes much arsenic,
Arsenic 1s four times poisonous than mercury. The faal dose of mercury is 500 mg. Intemational
Agency for Research on Cancer, considering polential carcinogenicity, has categonzed different
chemicals having arsenic toxicity into three categomes: acute toxwaty, sub-acute toxicity and
chronic toxicity.

Acute Toxicity :

Acute arsenic poisomng in human being 1s usuaily homicidal, sweidal or accidental. Patent first
of all complains of a feeling of faininess. nausea and severe burnimg pain in the throat and
stomach. The respirations become labored and lastly convulsion and coma proceeds to death.
Sub Acute Toxicity :

This is a condilion where arsenic is administered in a small dose at repeated interval. The
symploms are at first dvspepsia, cough and tingling in the throat, then vomiting and purging with
abdominal pain, dry and congested throat and a feeling of depression Patient becomes restless
and cannot sleep and pradually resulis in death,

Chronic Toxicity:

The clinical menifestations due to chronic toxicity develop very msidiously after 6 months to 2

years or more depending on the amount of arsenic intake.

Clinical Manifeswations of chronic arsenic Toxicity

Skin Effects:
A number of skin-leisons have been attributed to chrome exposore to arsenic compounds. Hyper

pigmentation {melanosis} of the skin is commonly encounterad and occurs throughout the body.

Melanosis is also observed in tongue and buccal mucus membrane.
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Gestro-intestinal Tract (GIT) Effects :
The chronic absorption of arscnic occasionally produccs hepatocellular toxicity, Chronic
exposure to arsenic has been reported to produce liver enlargement Gastric symptoms like

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

of weight

Renal System efTects .

Urine may be colored red or green and some cases, dysuria, anuria (infectious diseases in the

renal system } develop.

Cardiovascular System Effects :

Peripheral vascular discase has been obscrved among persons n Chile and in Taiwan who had
chronic exposure 1o arsemic 1 dnnking water. The changes were associated with hyper
pigmentation and hyperkeratosis. Myocardial degeneration and cardiac failure may result from

chromc arsenic poisoning,

Nervous System EfTects:

Headache, drowsiness, loss of heanng, severe weakness in fegs and feet, confusion and

convulsion are seen 1n both acute and chrome imtoxication

Respiratory System Effects:
In carly slage of arsenic intoxication, respiratory infection 1s found to be associated with other

clinical manifestations

Endocrine System Effects:

Diabeics, Mellitus and Goiter have been reported in association with prolonged ingestion of

arsenic through dnnking waler.

Carcinogenicity
Arsenic has been found to cause cancer of the skin, liver, funp, urinary bladder, prosiate and

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

Symptoms of Arsenicosis :

The symptoms of arsenic toxicity may take 8-14 years to be manifested in human body aficr the
patient stans drinfng arsemc contaminated water. The period differs from patient to patient
depending on the quantity of arsenic igested, nuiritiona! stass of the person, immunity level and the

total time of arsenic ingestion. The apparent symploms of arsenicosis may be said to have manifested
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themselves as melanosis and keratosts mainly. Darkening of skin (diffuse melanosis) in the body or
in the palm 15 the earliest symptom Spotted pigmentation (spotted melanosis) is usually seen on
chest, back or imbs. This 15 very common symptom. Combination of pgmentation (melanosis) and
nodular Tough skin (spotted palm planter keratosis) almost points Lo arsenic toxicity excluding

hundreds of causes of 1solated pipmentation and nodular rough skin.

Fliow Char1 03: Arsenic Effect on Human Body.

ARSENIC
BY BY
INGESTION INHALATION
MAN

Skin Respiratory Neurological Hepatic
Leisons LElect Effect Effect

Source : Ahmed, § A, 2000, Arsemc, Dhaka.
3.6.2 Social Problems duc to Arsenic Effect :

From different lindings, it 1s reveated that a number of social problems arse duc to arsenic

posoning of human beings, such as

1, The affected persons bemg refused to collect water frem the neighbors' tube wells;

2. The affected persons being avoided or disappeared in the pubhe;,

3. The affected children being debarred from atlending schools, the adults discouraged to attend
offices, zo shopping and some cases not Lo wsit medical professionals in the hospiml et

4 Whth advancement of the disease, patiems being rendercd incapable of labounng/seliing
labour and hence vietimized by poverty;

5  Affected young women being compelied to stay unmarmed,

6. Discased mamed women being sent back to their parents with children,

7. Eligibie persons arc refused jobs when found to be sutlering from arsenicosis et
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CHAPTER: 04 ARSENIC CONTAMINATION SITUATION IN BANGLADESH

4.0 Arsenic Contamination Situation in Bangladesh :
4.1 Causes of Arsenic Contamination ;

Earlier several hypotheses were put forward including one that the arsenic c;.‘rmpoundﬂ WETE
rcieased from the rurai elecmfication poles. These were the sources of arsenic comammation of
anderground water, Insccticides and fernlizers were also considered as the sources of arsenic o
conlaminate undereround water in tms territory, Now it has been more or Icss generally apreed
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 Mott MacDonald Ltd, found it Jikely that the
arsenic sediment has been released nto the groundwater in some areas by a naturnl process
called “Oxyhydroxide Reduction™. Thousands 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 lew-lying arcas those now make up West Bengal, m India and Bangladesh.
These arsemic-bearing sediments became buried over thousands of years, forming part of the
aquifers we are lepping today for our waler resources. As lime passed, oxygen levels naturaliy
decreased and under these conditions, the 1ron and manganese compounds dissolved and released
the arsenic into the surrounding water. Thus the origin of arsenic 1n groundwater is most likely a

geological phenomenon.

Geologists cite several other processes by which arsenic can be relcased into groundwater. The
process called “Pyritc Oxidation”, for instance, tnvolves iron sulfide compounds which contain
arsenic. These compounds dissolve upon contact with oxygen, releasing iron, sulfide and arscnic
nto the surrounding water. Since there is litle or ne sulfide in groundwater in Bangladesh, (his

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

4.2 Brief History of Tubewells in Bangladesh :

Tubewells are not a new technology in Bangladesh. They are existed in this region dunng the
British colomal era. When partition of India took place, in 1947, there were an estimated 50,000
tubewells in East Pakistan (the former name of Bangladesh). By 1972, the Government had
constructed approximaiely 135,000 tubewells. At this time, there was about one tubewell for

every 400 people in Banpladesh.
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Tubewsll was an important source of pathogen-fiee drinking water in Bangladesh. . Because her
suface water was contaminated with bacteria. Dnnking unireatcd or inadequately treated water
can cause cholera, dyseniery and other water-borne diseases that can be fatal. Where tubewells
were nof wilthin easy reach, people relied on surface water sources such as ponds. These were
usually fenced off and reserved for drinking purposes. In some households the pond waler was
treated cither by adding alum (phitkiri), or by filtering water by passing 1t through layers of
gravel, sand and charceal 1 a pot. The more affluent households could afford to have their own

dug-wells for dnnking water

UNICEF’s first major assisiance to the water supply in Banpladesh was in response Lo a
devastating cyclone that hit the region in November, 1970; some 10,000 damaged tubewells
were repaircd. UNICEF continued to assist Bangladesh, initially providing assisiance on an
emergency food supply program aficr the end of the War of Liberation, in 1973, and thereafier

supporting long term initiatives by the Government to provide safe drinking water.

4.3 Arsenic Occurrences in Bangladesh

In this subcontinent, at first arsenic pollution was found in West Bengal in 1978 and the
symptom of arsenicosis on human bodies was identified at north and south in the distnct of 24
Pargana. at the same time. In 1983, some arsenic affectcd people were identified at Barasat by a
skin specialist of the Schoo! of Tropwal Medicine (STM) in india. In 1992 scientists of the
School of Envirommental Studies {(SoES) of Jadavpur University found the symploms of
arscnicosis in the body of a woman of a village of North 24 Paragana. Later on it was known by
investipation that this woman had come from a village of Satkhira Zila i Bangladesh. The
women informed that some of her relatives are also affected. The [inding 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 mtermational donor agencies,
some NGOs, university departmems and private organizations are working on arsenic problem and
although there is a lack of standardhzation in their work (for example, some are using laboratory
methods. others are using kits for testing water) and exchange of informarion ameng themselves, an
overall ploomy picture has emerged. Judging from the scattered reports of many organizations have
found unacceptable level of arsenic in ground water from a vast majority of the distncts of the
country and a large number of patients suffenng and dying from arsemicosts end its complications,
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Realizing the situation 8065 tubewells from 60 districts have been tested for the prescnee of
arsenic in underground water by Dhaka Commumrty Hospital 1 collaboration with Schoel of
Environmental Studies, Jadavpur University, Calcutta. In 41 distnicts water samples were found
to have arsenic above 0.05 mg/L, the maximum permissible limit, recommended by WHO, In
those 41 districls where arsenic concentration crossed 0.05 mg/L {imit, 51% of the samples were
found 10 have crossed that border. Area of these 41 districts is 89,186 sq. km wath a population
of 76.% million. At the present slate of knowledge 1t can be sad that although not all tubewells
are conmminated, there are thousands ol pockels of contaminated underground water in at least
two thirds of the districis of Banpiadesh and the people living there are at real risk of developing

arsenic toxicosis (Alam, K. 20000,

DCH and SoES conducted surveys for arsenicosis patients in 22 distnets and found paticnts with
arsenical skin leisens in 21 of them. They examined 5664 peeple in the aflected villages and
33.6% of them were diagnosed as patients with arsenical skin manifestalions A tolal of 2167
hair samples, 2165 nail samples, 220 skin samples and 830 urine samples were analyzed and an
average of 34% of them were found to have arsenuc concentration above the normal limit, A
report from the National Institute of Preventive and Social Medicine [NIPSOM] stated that they
had more than 800 arsenicosis paticnts in their list At the skin department of [PGM&R 2350
panents with arsenical skin leisons have been mvestigated and treated. It is obwious that if
systematic surveys are conducted in all the districts where there 15 high level of arsenic in

underground water, more patients will be found.

4.% Arsenic Siteation Aceording 1o the National Hydro-chemical Survey (2004):

The arsenic contamination situation can also be explained with the statistics from the Nahonal
Hydro-chemica!l Survey The survey was conducted by the Mimstry of Local Government, Rural
Development and Co-operatives, Departmnent of Public Health Engineening (DPHE) and the
British Geolegical Survey. The survey sampled 3534 tubewclls from all over Bangladesh,

excluding the Chitagong Hill Tracts {Table-5).

According to the National Hydro-chermical Survey Repon 2000, arsenic aflecied areas of the
Ganges Delia are vast covenng the 54 Zilas out of 64 (Map-3). The arcas of these Zilas are about
87,350 sq km. and the population is about 71 million that 15 about 50% of the lolal population of
the country (Rahman, M. H., 1997). The biggesi arsenic calamity in the world 15 centered mn seven
distncts of Gangetic West Bengal and adjoining Bangladesh (Dutta, 1997). In 8 districts of West

Bengal out of 18, arsemc has been found in groundwater above 0.05 pg/L {mondal, et. al, 1997).
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Groundwater arscnic level exceeding the WHO recommended value (0.05 pg/L) have been found
10 54 Zilas out of 64 of Bangladesh {The Nationa! Hydro-chermcal Survey Report, 2000)

Arsenic in shallow tubewell has been detecied m almost all distncts of Bangladesh. Accerding to
the study conducted by the Department of Public Health Engineenng (DPHE) and Boush
Geological Survey (BGE), arsenic content of 46 percent of the shallow tubcwell water exceeds
0.01 p'L (WHO Guideline Standard) and that of 27 percent shatlow rubewells exceeds 0.05
mg/L (Bangladesh Standard). In the acute arsepic problem areas, more than 90 percent of the
shallow tubeweils have been found to produce contaminaled water exceeding 0.05 mg/L of
arsemic. Arsenic coment higher than 0.05 mg/L has been reported in about 2 percent of shailow
tubewcil water in Bangladesh. Due to this, more than 7000 arsemcosis patient have so far begn
identifed in arsenic affected areas in Bangladesh (Rahman, et. al, 2000).

Tabie-5 : Arsenic Statistics from the National Hydro-chemical Survey

By Concentration MNumber % Tubewell Avg conceniration (ug/L}
<10ug/L 2045 58 2
10-50 ug/'L 606 17 25
50-200 po/L 566 16 103
=200 pg/L 317 9 372
Total 3534 100 55

Source - National Ilydro-chemical Survey, 2000.

The survey showed that 25% of the tubewells sample contained in excess of 50 pg/L arsenic (the

Bangladesh drinking water standard) and 9% of the tubewells exceeded 200 pp/L (Table-6).

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

Tubewell By Depth | Number | % Tubewell | % ﬂ{];;?:;ratm
<15m 287 2 3R
15-30m 1180 33 6
Shatlow tubewell 30-60m 1258 36 36
§0-90m 317 g 33
90-150m 165 5 45
. 150-200mn 32 | 1 7
Deep tuhewell 300 53 ; !
Total 3534 100 ] 55

Source: National Hydro-chemical Survey, 2000
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The maximum concentration of arsenic {76pug/L) is found in 33% of shallow tubewel! within 13
{o 30 m depih, On the other hand, minimum concentration (33ug/L) is found in 9% shallow
tubewells within 60-90 m depth (Table- 6), In case of deep tubewell, meximwn concentration of
arsenic (7ug/L) is detected in 32 tubewells within 150-200 m depths (Table- 6). Morcover 54

7ilas out of 64 have found arsenic n tubewell water at more than permissible level (Table-7).

Table-7 : Compliance with Bangladesh Standard (50 pg/L)

Number

«50pg/l =50pafL Total
Divisions 0 i )
zila 8 54 &l
Upazila 184 244 435
Source National Hydro-chemuical Survey, 2000
Table-8 : Compliance with Bangladcsh Standard (10pg/L)

Nombher T
<10 g/l >10pg/. | TOTAL <10pg/L >10ug/L TOTAL

Divisions 0 6 | b 0 104 100
zila G 53 ] 61 3 87 100
Upazils ] 39 394 ] 433 9 a1 100

Source ; National Hydrochemical Survey, 2000

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

Minisiry of Local Government, Rural Development and Cooperatives, Government of

Bangladesh (2000) are as follows :

o All Zilas except Thakurgaon had at least one tubewell exceeding the WHO standard;

e The minimum arscnic concentration was found below Jpg/l. which 15 mostly common m
northern parts ol Bangladesh.

»  The population exposed to arsenic from water exceeding the Bangiadesh standard was
estimated 30 million (Upazila-average). This is based on an estimated 1999 population {of
125.5 million for the whole of Bangladesh as projected from the 1991 census data).

»  Few groundwater from the South of the country were arsenic-frec {1.e. with less than .05pg/L).

- 54 of the 61 districts sample had at least one well with water exceeding S0pg/L. The worst
affected districts were' Chandpur (90%), Munshigonj (83%), Gopalgoni (79%}, Madaripur
(69%), Noakhali (69%), Satkhura {67%), Comilla (65%), Fandpur (65%} Shariatpur (63%),
Meherpur (60%), Bagerhat {60%) and Lakshmipur (36%). (Ahmed. 8. A., 2000}

= The least alfected districts were Thakurgaon, Patuakhli, Panchagarh, Milphamari, Matore,
Lalmonirhat, Borguna, {all 0%}, Rangpur (1%, Dinajpur (2%), Naogaon (2%), Gazipur
(2%}, Cox's Bazar (2%), Bbola (4%), Nawabgam {4%), Jhalakat (6%), Rajshahi (6%},
Gaibandha (7%, Tangail (3% and Kurigram {9%} (Ahmed, 5. A , 20003.
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Table-9 : Percentage of wells in Dilferent Arsenic Concentration Ranges in Bangladesh
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4.6 Field Tcst Kits :
The scale of arsemc conmtamination and the need for providing leedback to users of water has led

to the development of field testing Kits by vanious apencies. DPHE and NGO's carmed out more
than 35,000 licld tests in & six months peried. UNICEL 15 supporung DPHE to promote a
consistent way to label wells as safe or unsafe, by painting them green and red, respectively,

atter testing.

IUNICEF is also cooperating with a World Bank-tunded Bangladesh Arsemic Mitigation Water
Supply Project (BAMWSP) that is expected to screen tubewells in all 460 Thanas of the country.

UNICEF has procured an intcrim field test kit known as the MERCK kit, manufactured in
Germany. About 2,000 kits have been distributed among the NGO partners for immediate
deployment in the field 660 kits to BRAC, 410 to Grameen Bank, 240 {o Dhaka Community
Hospual and 300 to the Rotary Club. Results from the field show that the MERCK kit 13
relatively reliable in indicating whether the water sample has arsenic below 20 ppb or above 100

ppb. To be on the safe side, tubewells that conlain arsenic between 20-25 pph arc also being

marked as red or as unsafe.

NEERI (1958} has carried out a detuiled companson of (ive kils both 1n the Lield and in the
laboratory on behalf of WHO. UNICEF (1998) carried out a more limited evaluation of field test
kits. The five kits lested by NEERT were:

i}y Asian Arsemic Network (AAN) kit from Japan' The kit is semi-quantitative; 1t claims

a detection range of between 0.02 and 0.7 mp/L and costs about Tk, 1690.

iy Merck kit from Germany : This 1s also serm-quantitative, it claims a detection Inmit of

0 1 gm/L and cost Tk, 3,200 in the local market.

iy Agqua kit . The qualitative kit was developed in Calcutta for UNICEF and
subsequently put into commercial production there. The kit claims e detection hmit of

0.05 mg/1. and costs about Tk 2000

iv] WIPSOM kit: A locally produced modification of the AAN kit. 1t costs aboutr Tk 1G0(.

v}  AlIH & P kit produced by the All India Institute of Hygiene and Public Health. It 15
an improvement of the UNICEF/Aqua kit, also with a detection limit of 0.05 mg/L
gnd probable cost of Tk. 840.
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4.7 Ellorts in Mitigation of Arsenic Disaster:

Since 1996 diffcrent orgamizations including Lhe government, NGOs and private orgamzations
have come forward to study different aspects of the arsemic 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 ils chairman. Other government bodics involved in the arseric
work are : Ministry of Local Government, Rural Development and Co-operahives, Ministry of
Health and Family Welfare (MoH&FW), Economic Relations Division of the Mimistry of Finance
& Planning Commussion, Environmental and Geographiwe Information System (EGIS) for Water
Resources Planning, Nalional Institute of Preventive, Social and Occupational Medicine
(NIPSOM), Department of Public Health Cngineenng (DPHE)and Institute of Postgraduate
Medicine and Research (IGM4&R). International donor agencies have shown theit interest in the
arsemc problem The TUNDP has funded a Rapid Action Program (RAP} which has currently being
implemented jointly by the Ministry of Health and Farmuly Welfare and Dhaka Community
Hospital (DCH?} in 200 viltages of the arsenic affected distneis, The UNICEF has provided heid
lest kats 10 DPHE. WHO [nvited arsenic experts to (us country to work on the arsemic problem in
Bangladesh Foreign missions like the Depariment of Foreign International Development (DAl
Japanese Tnternational Co-operation Agency (JICA), Denish International Development Agency
{(DANIDA), Canadian Intdgated Development Agency (CIDA) and the Netherlands have shown
their willingness to lake part i the tight against arsenic. Asia Arsenic Network (AAN] 1s actually

Tunning a project in Samta, a remote village in the western part of the country,

4.8 Role of Organizations to Combat A rsenic Problem

4.8.1 Role of Government Organizations:

Two surveys are being carried out with assistance of UNLCEF and the British Government. The
Project was launched in July 1994 with the sponsorship of World Bank

4.8.1.a. Arsenic Mitigation Project, Mimistry of Health and Family Welfarc:
They surveyed the level of contamination in deep tubewell water of two hundred villages in
43 Thanas of 21 Zilas. Thev i1deptified 1082 paticnts having been affected by amsemc
(according to NIPSOM this number is 1593). Among them, 991 are men, 648 are women
and the rest are children, 19,787 tubewclis out of 32,651 in these two hundred villages were

found having an excess amount of arsenie,

4.8.1.b. Bangladesh Arsenic Mitigation Water Supply Project {BAMWSP), Directorate of
Public Health : g

It has conducted tests of tubewell water in the laboratones in Khulna, Rajshahi, Comills

and Mymensingh. A key component of thc BAMWSP wll 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 1o the month of June 1998 showed that-

Number of tubewells Total examined T 24864
Number of tubewells conlaminated by arsenic D 5,333(219%)

4.8.1.c. Department of Public Health Engineering (DPHE)

Depanment of Public Health Engineering (DPHE) initiated monitoring and water testing
aclivitics in the adiacent border Zilas 1n 1993,

DPHE under a Techmcal Assistance Project procured 500 arsenic test field kits distribuled to
Zila and Upazila level. Till January 1998 a total number of 19,167 samples from hand pump
tubewells have been tested by field test kils covering almost the whole country where 3,731

samples have showed positive result,

DPHE is providing various altcmate options of safe drinking water to the peoples of arseme affected

areas and also conducting vanous research and development activities to mitigate {he problem.

According o DPHI, alternate water supply options in arsenic contarninated areas arc as follows:

1. Deep Tubewell (Hand pump}.

2. Pond water with sand filtration (I'SF).
Sanitary Ring Well (SRW)

Ramn Water Harvesting {(RWH).

4
4. Surface water treatment for Urban conters etc.

(A%}

4.8.2 Role Of NGOs :
The following NGOs have taken imtiatves 0 mitigate Lhe srsenic contamination n donking

water of Bangladesh

4.8.2.a. Bangladesh Rural Advancement Commitiee (BRAC) :

BRAC has initiated some programs on arsenic. As a [irst step, BRAC mitiated two testing
programs. The nicnsive one tested all the tubewells of one Thanz, where according to previous
informanon, the problem was said 1o be worse. The water-testing program mtiated by BRAC
was implemenied in collaboration with the DPHE Water test is a vital propram of BRAC and
Hajigoni in Chandpur disirict was an extensive working area of BRAC (Table-10).
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Table-10 : Survey Report by BRAC on Hajigonj Tubewells at a Glance, 1997,

Total Population of the Thana 2,54,057
Number of Unions 11
Number of Villages 156
Number of tubewells tested by field kats 111954
Number of tubewelis contarninated with arsemc 11,093 (93%)
Number of villages with aill tubewelis contamination 83(53%)
Number of samples tested by spectrophoiometer 193
Field test results confirmed by spectrophotometer (%4 cases) i 92

Source. BRAC, 1997

BRAC is working in collaboration with UNICEF/DPHE and actively invelve in commumdty
assessing and mitigating (he arsenic situation. 1t has launched projects entitted ‘Commurty
Based Arsenic Responsc Project’ in September 1998 and ‘ Action Research on Community Based
Arsenic Mitigation Project’ in June 1999. It has worked under the Action Research Project on

Scnargaon Thana of Narayangon) Zila and on Jhikergacha Thana of Jessore Zila,

Tahlell : Test Resuls at a Glance

Parameters Jhikorgacha Sonargaon
Total tubewells 2135 1190
Tubewsl! painted red (=0.0510/L) 756 729
Tubewell painted green (<0.05ug/1.) 1379 416
Total % of red marked tubewelis 35 61
Total % green marked tubewells 65 39

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

The Proiect has selected the following allernative safe walcr options for the above mentioned
arsenic affected areas: {a) Rawn Water Harvesting {RWH), (b) Pond Sand Filter (PSF), (c) Dug
well & (d) Safi Filter etc. According to BRAC, all these alternative safe water options are not
feasible for every place or for cvery class of people 1n society. Therefore, it is required to

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

4.8.2.b, OXFAM:

OXFAM is conducting ils activities with a view to growing pubic awarencss on using safe water
and its management. OXFAM has carried out surveys and prescnted demonstration 1m vanous
workshops regarding how water can be punified from arsenic. It has alse provided the Calamty
Prevention Forumnm with monetary assisiance in making a videocassetle concerning the arsemc
issue. The Forum has publishcd a booklet with the Fnancial 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 aliernative safe water options and o pive lessens

aboutt the uses of water from both contaminated be wells and from satural sources.

4.8.2.c. Dhaka Community Hospital (IMCH):
Dhzka Community Hospital {XCH) has launched so many programs from 1995 in refation 0
arsenic problem in Bangladesh. Tts programs and achievements are given below in brief'.

DCH Arsenic Activities
{Period till Sept 1999.)

1. | Number of Zilas surveyed : 64
2. | Number of Upazilas covered for water : 200
3. | Number of village covered for water : 1,200
4. | Nos. of TW samples collected : 15,000
5. | Nos. ol sample mere than (.01 ppm : 61.9%
6. | Nos. of sample more than 0.03 ppm : 45.6%
7. | Total hair samples collected : 3342
at toxic level. : {89%)
8. | Total nail samples collected : 3,46
at toxic level : {98%%)
9. | Total skin samples collected : 373
at toxic level. : {100%)
10, | Total Urine samples collected : 1,043
at toxic level, averape : {(92%)
11. | Number of paticnts identrfied : 2,700
12 | Number of Zilas surveved for pts. : 28
13. | Number of TW found contaminated
! {Arsenic content <0. O 1 ppm.) : 16.05%
14. | Nos. Z1las having As. Conc. =0.05 ppm : 42 districts
15. | Area of these Zilas. : | 8918655 km.
16. | Popuiation of these Zilas ; 76.9 million.
17. | Developing community based Mitigation Modei : 70 centers
18. | An Action Research on Community based Arsenic
Mitigation Program (With DCH-DPHE-UNICEF} : | In One Upaziia
19. | National Emergency Screening Program (BAMWASF) Under
BAMWSP providing Training to Field Workers working in the
ficld emergency arsenic mitigation program : One Uparizl
20, | Developing DCH Model for arsenic mitigahion in community by
UNICEF and other agencies : In 3 Villages
21, | Testing water by fieid kit of Merck and arsenator : At field ievel
22. | Organizing Conf arranging meda coverage and taking part in : | MNationally and
arsenic refated propagandas : | Tnternationally

Source: DCH, 2000,

A5 @ pnivate organization, Dhaka Community Hospital has been involved in the alleviation of the

arsenic problem from the very beginming. It has conducted exiensive surveys, SUPpOTUNE
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treatment of paticnts, traming programs for doctors and other health and community workers and
awareness programs Recently DCH 15 engaged in implemennng the Ramd Action Program in

coitaboration with the Ministry of Health and Famuly Welfare

Dhaka Community Hospital (DCH) Arsenic Programs |

At present Dhaka Community Hospital (DCI) is deeply involved with the arsenic problem in
Bangladesh.

1. Already implemenied a survey including 20,000 samples of water, hair, nail, skin and
urine test in 64 districts with water contarinated by arsenic and finding arscnicosis
cascs due to arsenic posoning in collaboration with Dr. Dipanker Chakraborti of
Jadavpur University of India

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

A national seminar on arsenic was otganized, 6 January 1947,

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

O SR

National and lnlemationa! media ceverage 10 increase global and local community

AWRIGIIESS.

6.  Working to cstabhsh a Jaboratory (for envitonmental health hazards) and out patient
clhimes for arsemcosis

7. Training doctors, paramedics and health workers for arsenic mingation.

8. DCH has identified more than 4,000 arsenic-relaled patients. IDCH has established 7 rural
arsemic climes in the alfecled areas and has established an arsenic referral clinic in Dhake

9.  DCH is conducting Emergency Arsenic Mitigation Proprams in 500 villages 1n

different districts of Bangladesh

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

NIPSOM has tested tubewell water and found 44 arscnic affected Zilas out of 64 Zila in
Bangladesh, The affected Zilas are as foliows:

Bagerhat, Borguna, Barisal, Bhola, Bogra, Bragamanbaria, Chandpur, Chittagong, Chuadanga,
Comilla, Cox’s Bazar, Dhaka, Dmajpur, Faridpur, Feni, Gaibandha, Gazipur, Gopalgonj,
Habigonj, Jaipurhat, Jamalpur, Jessore, Jhaolakati, Jhenaidah, Khulna, Kishorgonj, Kurigram,
Kustia, Lakshmipur, Lalmonirhat, Madaripur, Magura, Manikgon], Maulavibazar, Meherpur,
Munshigonj, Mymensingh, Naogaon, Narail, Nerayangonj, Netrokona, Nilphamari, Noakhali,

Pabna, Penchagar, Patuakhal, Pirojpur, Rajban, Rajshahi and Rangpur.
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4.8.2.¢. UNICEF ; - b, s

UNICEF has also piayed a vital tole in arsenic mitigation through its vanous programs in
collaboration with DPHE, BRAC, Grameen Bank ctc. Basically UNICEF provides financial help
and techmical assisiance in waler tost, trainimg and other mitigation initiatives, The major

programs of UNICEF in rclation to arsenic problem are as follows

UNICEF - DPHE National Testing Program ' Analyzed about 30,000 tests up to Jan. 10, 1999.
UNICEF - BRAC Testing Program : Covered appox. 14,000 tubewells.

UNICEF - Grameen Baok Testing Program : Covered appox. 2,000 tubewells,

UNICEF - also supported procurement of lab supplies and training to buiid capaciry of labs.
UNICEF became aware of presence of arsenic i groundwater when informed by WHO in late
1994 that arsenic contamination was suspected in certain districis along the West Bengal border
in Bangladesh, A Techmical Assistance Pruject Proposal (TAPP) for a “Study Arsenic
Affected Areas in Bangladesh” with UNICEF assistance to DPHE was imtiated in 1995 and
approved in 1996 Since 1996, UNICEF has been providing technical assistance to DPHE to
conduct a nationwide sample survey to determing the magnitude and extent of the problem
UNICEF was the first international agency to fund such large-scale water sample iesting. Arsemc
testing is now part of the standard testing protocol, jointly developed and adopted by DPHE and
UNICEF and is now done prior to all public installation of tubewells n the country. UNICEF,
since the mid- 1990 | has been working with the Government of Bangtadesh and NGOs to first
gain a betler understanding of the extent of the problem and to find viable community bascd
integrated arsenic mitigation approaches that will provide the basis for scaling up in affected

arcas.

UNICEF is supporting activities on both national and local levels. The national program includes
the ongoing naliona! testing program, provision of alternative safe water sources in 29
underserved, flood-affected and arsemic-affected districts, as well as survey to identity arsenic-
affected patients. With regard to the local mitiative in four Thanas, covenng about 500 villages,
UNICEF, m cooperation with DPHE, has eniered into partnership agreements with the
Bangladesh Rural Advancement Commiitee (BRAC), Dhaka Community Hospital and the
Grameen Bank UNICEF wall also be supporting the Dhaka Community Hospital (DCH), in
trainmng medical doctors and village Jevel workers on the techniques of arseric testing and
patient identification. UNICEF contributes financial, technical and other assistance to the safe
water supply and oiher programs. Tn conclusion, as partners in the national rural water supply

and sanitation program over the last 27 years, the Government of Bangladesh and UNICEF are
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committed Lo participale fully in cfforts to combat the threat, and mitigate the elfects of

pathogens, arsenic and other contarmnanis in drinking water of Bangladesh.

4.8.2.f The World Bank :

According to the agreement between World Bank and Bangladesh signed on 21 September,
1998. World Bank will mve Bangladesh US$ 32.4 million to mitigate the arsenic contamination

problem in drinking water of Bangladesh.

4.8.2.g. NGO Forum ;

NGO Forum slarted detecting the presence of ersenic 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 wsied samples, 2548 were found arsenic conaminated. All
these tests were conducted in 2882 villages in 257 Thanas of 58 districts Out of those tests 782
villages were (ound having arsenic above the permussible limit. NGO forum has becn
mainlaining close collaboration with relevant government agencies (DPHE, NIPSOM, LGED
ete.}, Universities, UN bodics (UNICEF, World Bank etc.), Donors, DPHE-DANIDA,
Bangladesh Arsenic Mitigation Water Supply Project (BAMWEP) as well as with othcr NGOs in

relation to arsenic by shanng hindings of its lield level interventions

NGO Forum is playmg a vilal role in Bangladesh Arsemc Mitigation Water Supply Project
{(BAMWSP) as a member of the steering committer as well as 2lso in the implementation of the
project including selection of pariner NGOs and CBOs for implementation in the selected area.
NGO Forum has developed and produced two posters and two leallets on arsenic issue NGO
Forum has been disseminating research oriented information relating o arsenic and Brsenicosis
through its monthly Bangla newsletter titled “PANI PRABAHO” and quarterly English
newsletter “WATSAN”. NGO Forum is providing elternate water options including DANIDA’s
Bucket Treatment Unit (BTU), Rainwater Harvesting System, Pond Sand Filter, Dug Well, etc to
the arscnic affected community. Recently NGO Forum offercd training services to BAMWSP for
ils Emergency Screening and Arsenicosis Patients ldentification' program involving community

people at Singair Thana of Manikpanj Distnict.

In brief the following authoritics have iaken pant in dufTerent aspects of mipgating the arsenic
conlamination problem n tubewell waler in Bangladesh:
» School of Environmental Studies (SoES), Jadavpur University, Calcuba;

» Department of Geology, Caleutta University, Caleuna;
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« Department of Geological Scicnces, University College, London,

» Bntish Geological Survey (BGS), Loundon;

» UNICEF, Dhaka;

=  World Health Organization (WHO), Dhaka,

= Repional Water Supply & Sanitation Group (RWSSG), World Bank, Dheka;

»  Department of Geology, Dhaka University, Dhaka;

= Depariment of Geology, Rajshahi University, Rashahi;

* Depariment of Chemstry, Jahangimagar University, Savar,

» Bangladesh University of Engineering and Technology (BUET), Dhaka,

» Tniemnational Centre for Diarrhoeal Diseasc Research, Bangladesh (ICDDR B}, Dhaka,
= NGO Forum, Dhaka;

= Depariment of Pubhic Health Engineering (DPHE), Dhaka;

*  Dhaka Community Hospilal (DCH), Dhaka,

» Bangladesh Rural Advancement Commitiee {(BRAC), Dhaka,

» National Instinzte of Preventive, Social and Occupational Medicing (NIPSOM), Dhaka,

4.9 Alternative Sources of Safe Drinking Water in the Arscaic Affecied Arcas :

Principle of developing arsenic free alternative water oplions:

1. By avoiding arsenic contaminated water: By using of naturally arsemc-free water

(1.e. surface water, ground water and r2in walcr).

2. Py treating arsenic conrtaminated tabewell water: Arsenic contaminated waler has
been treated in two ways: by using chemicals and by using patural material {sand,

iron and charcoal ).

An estimated 29 million people exposed 1o arsenic contaminaled water exceeding Bangladesh
standard will urgently require arsemic safe water supply. A shift from shaliow bewells to
alternalive walter supply options has become essential m acute arsenic problem arcas (Ahmed, F
M., 2000). Alternative water supply options include: wd

»  Groundwater from alternative arsenic-safe aquifers

= Treament of surface water

= Rainwater Harvesting
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4.9.1 Groundwater:
Technological Options ;

Suttability of hand-pump technology depends on groundwater level, water quality and hydro-
geological conditions of the area. Arsenic safe groundwater 1s generally found in shallow
aquifers in north-western region. Deep aquifers separated from shallow contaminated aquifers by
impermeablc layers can be a dependable source of arsenic safe water The important altemative

water supply technologics include :

»  Shallow shrouded tubewe!l (S8 and Very shallow shrouded tubewell (VSSTY
*  Deep Tubcwell;

a  [Infiltration galley

4.9.1.2. Shallow shrouded Tubewell (SST) and Very shallow shrouded Tubewell (W55T)

in many areas, proundwater with low arsenic content is available in shallow aquifers To get
water {hrough these aquifers, an artificial sand packing is required around the screen of the

tubewell. This anificial sand packing, called shrouding,

These low-cost hand-pump tubewell technologies have been designed and installed in the coastal
areas to collect water from very shallow aquifcrs. The SST/VSSTs can be convenient methods
for withdrawal of fresh water in limited quantities. The systems may be considered suilable for
drinking water supply for small settlements. The depariment of Fublic Health Engincering has
sunk a total of 5,904 YSST/SST to provide water to 0.44 million people in coastal arcas (DPHL,

20007,
Haad-pump

- Platlorm
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Figure 1 . Shallow and Very Shallow Shrouded Tubewell (YSST). (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 relauvely free
from arsenic contamination, In some places, the aquifers are separated by relatively impermeable
strata, In Bangladesh two types of deep tubewclls are construcled manually operated smell
diameter tubewell and large diameter power operated tubewells which are called Deep tubewells.
The BGS and DPHE study has shown that only about 1% deep tubewell having depth grealer
than 150 in are contaminated with arsemic higher than 50ug/L and 5% tubewell have arsenic
content above 10ug/L (BGS and DPHE, 2001). Sinking of deep tubewells in arsenic affected
areas can provide safe drimking water. Some arcas of the coastal region of Bangladesh are very
suitable for construction of deep tubewell, Department of Public Health Engineering, has sunk a
total number of 81,384 decp tubewells mainly in the coastal arca to provide safe water to 8.2

miltion pecple (DPHE, 2000).

4.9.1.c. Dug Well

Dug well 15 the oldest method of groundwater withdraswal for waler supplies. The water of the
dug well has becn found to be free from dissolved arsenic and iron even in locations where
tubewells are contaminated {Ahmed, 2002). The following explanations may be atteibuted to the

low arsemic content of dug well waler:

= The oxidation of dug well water due to its expasure to open air and agitation during
water withdrawal can cause precipilation of dissolved arsenic and iron.

* Dug wells accumulates groundwater from top layer of a water tblc which 1s
replenished each vear by arsenic safe ram and surface walers by percolation;

» The presence of air and acrated water in well can oxidize the soils around dug wells
and infilttabon of water into wells through this oxidized soil can significantly

reduce the concentration of arsenic in well water (Ahmed, F. M., 2002},

Dug wells are widely used in many countnies of the world for domestic water supply. Usually no
special equipment or skill is roquired for the construction of dug wells, For construction by
manual digging, the weils should be ai icast 1.2 meters in diameter. Large diameter wells may be
constructed for community water supplies, The depth of the well 15 dependent on the depth of the
water (able and ils seasonal fluctuations Wells should be at least I m deeper than the lowest
water table. A conventional dug well and a dug well with samitary protection sunk n most

commen $o1l strata in Banpladesh are shown in Figure-2.
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Dug wells are not successful in many areas of Bangladesh having thick impcrmeable surface
jayer. In areas with thick clay soil, dug wells do not produce enough water to meet the

requirements. Again 1 arcas having very low water (able, thcre may be di [Ticulty in construction

as well as withdrawa! of water,

Weakncsses of Dog Wells :
j.  Risk efbacterial contamination is high 1f 1t 1s unprotected.

Collapse of well may be a problem of dug well.

2

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 during dry session.
3

Duyg well can only be constructed dunng dry sesswon (Mid March to April)

Silis Ol

(8) Conventional Dug Weil {b) Well with Sanilary Protection

Figure-2 : Conventional and Sanitary Protected Dug Wells.
Source - Ahmed, M. F., 2003

4,9.1.d. Inhitration Galley /Well:

[niihration Gaileys (G} or wells can be constructed near perenmal rivers or ponds Lo collect
infiltrated surface water for all domeslic purposes Since the water infiltrated through a layer or
sail sand, it is significantly free from suspended impurities including micro-organisms usually

present 1n surface water. Again, surface waler being the main source of water in the palley/well,
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it is free from arsenic. If the soil is impermeable, well graded sand may be placed in between the

gafley and surface water source for rapid Bow of water as shown m the (Figure-3).

Tubewel! te Withdraw Water

L —Tnfiltratiom Galley

b Pond ar e
> River Water =

Figure-J : An Infiltration Galley by the side of a surface water source,
Source ; Ahmed, M. F,, 2003

4.9.2. Surface Water :

4.9.2.a. Protecled Ponds

A protected pond in & community can provide water for drinking purpose with minimal trealment
and for other domestic uses without treatment. Tradinonally, rural water supply, 1o 4 great extent,
was based on proiceted ponds before and during early siage of installation of tubewell. There are
ebout 1,288,222 ponds in Bangladesh having an area of 6.114 he per ponds and 21.5 ponds per
mauza (BBS, 1997) Aboul 172 of these ponds are derclict and probably dry up 1n the dry
season. The biclogical quality of water of these ponds 1s extremely poor due to unhygicnic
samilary practices and absencc of any sanitary protection. In order to maintain good quality of
waler, & protected pond should not receive surface discharees or pelluling substances and should

only be replenished by ram and groundwater infiliration.

4.9.2.b. Pond Sand Filter

It is a prospective aphon for development of surface water. 1t is the construchion of community
type Slow Sand Filter (S5Fs} commonly known as Pond Sand Filter (PSFs). It is package type
Slow Sand Filter Unit developed to treat surface water. Slow Sand Filters are installed near or on
the bank of 2 pond, which does not dry up in the dry season. The water from the pond 15 pumped
by a manually operated hand tubewell to feed the fller bed, which is raiscd from the ground The
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treated water is collected through tap(s). It has been tested and found that the treated waler from

a PST is normally bactericlomcally safe or within tolerable hmits,

Handpump for water
supply to flier

Sand Flter

Coarse Barehol

Under Drainage System

{ +—Raw water [rom Pond
Figure-4 : Pond Sand Filter for Treatment of Surface Water.
Sonrce : Ahmed, M. F_, 2005

The program initiated by DPBE with the construction of 20 experimental units in 1984 to utilize
low saline pond water for water supply in the coastal area. It scrves 260-500 people per unit. The
PSF 1s being promoled as an option for waler supply in arsenic affected areas. By June 2000,
DPHE has insialled 3,710 units of PSF. The PSF is a low cost technology with very gh
efficiency in turbidity and bacterial removal. It has received prefercnce as an altermative water
supply system for medium size setrlements in arsenic alffected areas. On average the operating
period of a PSF between cleammg is usually two months, after which the sand in the bed needs o
be cleaned and r¢placed The drawing of a typical PSF 15 shown in the Figure-4.

Sclection of the Pond :
Foend should be selected based on the following criteria
i.  Pond should be cleaned and protected in all aspect;
Pond should not be used for fish cutture,
Pond should not be linked with other water sources,
Mo latnine or no garbage pit within 30 m of the pond,

2
3
4
5. Pond will not be used for any type of washing (livestock or ether domestic uses),
6. Pond will not be over flown dunng flood,

7

Pond should have enough water duning dry season.
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The major limitations of PSF are mentioned bellow:
1 Tt is difficult to find an appropriate/reserve pond for nstallation of PSE;
Operation and mainicnance are difTicult;
Not suitable for heavily contaminated ponds;

2
3
4. People complained of foul taste in pond water and may resort to use it for cooking only,
5 Conflicts wath fish culture,

6

Many ponds dry up in the dry season in some pars of the counlry,

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 purification, once widely used n rural arcas
of Bangladesh. Thesc processes of water treatment at household level have been phased out with
the introduction ol tubewells for village water supply. Pitcher filters are constructed by slacking
a number pitcher (Kalshis), one above the other, containing different {ilter media as shown in the
Figure-5. Raw water is poured it the top Kalshi and filtered water is collected from the bottom
onc. In this process, water is mainly clarified by the mechanical staining and absorption

depending of the type of filter media used.

$mall household filters can be constructed by stacking about 300450 mm thick well graded sand
on a 150-225 mm thick coarse aggregale in a cyhndncal container as shown in Figure-5 The

coniainer is filled with water and the filtercd water is collecled from the botlom.

The pitcher and other small houschold filters cannot completely remove micro-organisms 1f these

are present in larpe numbers in raw watcr.
Raw Water

Support Suructure

e ilter Medium-]

Filier Medium-2

Filtered Water
Figure-5: Pitcher (Kalsht) Filter :
Source © Ahmed, M. F., 2003,
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The impoertani charactenstics of household filter are : =
» Suitable {or surface watcr treatiment,
. Remove turbidity, coler and micro-organisms,
= Complete removal of pathogenic micro-organisms 1s not guaranteed;
=  Not swtable for hiph-turbid water,

. Difficulty in cleamng and keeping the system operational

4,9.2.e. Safi Filter :
Sali filter is a houschold flter in system developed by Professor Sayeed Safiullah of

Jahanpimagor University, It works for filtenng the arsenic contaminated water. One small unit
Rtter is designed to filter 40 iiters of water per day. Design was done for the need of one family
The filter comprises of two concrete buckets of different 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 15 collected in the Jower bucket where 1t 15 stored. The candle is prepared
from a chemical mixture of latenite so1l, ferric oxide, manganese di-oxide, aluminum hydroxide

and mezoporous silica

Cost : DCH nstalled two types of Sah filter. One is small umit, which filtering capacity 1s
40L/24hrs and other is big, which filteting capacity 1s 120L/24hrs, Cost for the smail unit is Tk,
800 and big unit cost Tk. 3,000 for 3 lamilics

Weaknesses of Safi Filter:
1. Arsenic removal capacity ts nol salisfactory.

2 Flow rate 1s low, which can not meel the demand of a family

3 Not available in the local market.

4.9.2.f. DPHE-DANIDA Filter :

DANID A with DPHE has developed arsenic removal home based flter. It is chemical treatment
filter for removing arsemic. The technology of this ilter 15 simple

Cost : DCH has nstalled 35 unit filter. Per umt cost 1s Tk. 3.30. One [ilter can use one famly.

Chemical cost per month Tk, 10.

4. 9.3 Rain Water Harvesting

4.9.3.a. Rain water availability
Rainwater is an alternative source of water in Banpgladesh Relatively higher rainfalls occur in the
Eastern part of the country and highest rainfalls occur in North-Eastern repion and Castern part
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of the coastal area. The low rainfall, less than 1,500mm per year, occurs in the Western part af

Bangladesh. In the coastal and hilly arcas with greater intensity ol fresh water source problem

have higher rainfall, which is faveurable for rainwater harvesting

A 12 year ramfall pattern based on the mean rainfall mtensity recorded in 28 stations for the

period from 1987 to 1998 1s shown in Figure  (BBS, 1999). 1t appears that the average yearly
rainfall in the country dunng 1987-96 varied from 1950 t0 2900 mm In many countnes i the

world having half the rainfail of Bangladesh are practising rainwater harvesting for water supply.

Map: 10

BANGILADESH
Distribution of Rainfall.

LEGEND
< 1500 mm

15001800 mm

=] 1800-2100 mm
{THITN 2100-2400 mm
2400-2761% mm
2700-2000 mm

T - 3000 mm

Source ' Rashid, H. Er., Geography of Bangladesh, Dhaka.
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Figure-6 : ¥Yariations of Annuzl Rainfall in Bangladesh
Source : Ahmed, M. F_, 2002
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Figure-7: The Moenthly Distrihution of Rainfall in a Normal Year.
Source: Ahmed, M. F, 2002,

4.9.3.b. Rainwater Catchments and Rainwater Collection :

The catchment area for rainwater collection is usually the roof, which 15 connected with a gutter
system to lead rainwater to storage lank. Rainwaler can be collected from any types of roof but
concrete tiles and melal roofs mve cleanest water The C1 shect roofs commonly used in
Bangladesh perform well as catchments areas. In Bangladesh 48% of the households have C.I.
sheet, tiles and pucca roofs suitable for the collection of rmnwater (BBS, 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 first rain that produces inferior quahity rainwater (Ahmed, M.F | 1999).
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4,9.3.c. Quantity of Rainwater :
The average yearly rainfall in the country varies from 1900 o 2900 mm. However, there are
some losses in the collection sysiem and a part of the rawmwater 15 used for washing of the
catchments, area. The available rainwatcr can be estimated by the equation

Q=ClA
Where Q 15 the tolal quantity of rainwater avaeilable in mfvear, and A is the catchments area in
m* {Ahmed,M. F., 2002) Spatial vanation of rainfall in Bangladesh is quite high. Lowest rainfall
less than 1500 mm occurs in the westem part of the country and the highest rainfall exceeding
4000 mm occurs in the north-gast of Bangladesh. Therefore. the requirements of ranwater
harvesting would vary from place 1o place depending on the total ramnfall and 1ts distnbution over
the whole year.

4.9.3.d. Storage Tank:

The unequal distnbution of rainfall over the year requires storage of rainwater dunnyg rainy
season for use in the dry season. The mimmum volume of the storage tank ¥, required for
rainwater can be computed by the equation (Ahmed, M F., 2002}

V = 0365fgqN
Wherte T 1s the fraction of walcr required o be stored for consumption of tolal available rainwaler

at a constant rate throughout the year. The tolal annual rainfall 1o 1996 as shown in Figure-81s
approximately equal to the average annual rainlall of the last 12 years The rainwater avarlabihity
mass curve assuming and cumulative consumption/demand of total available rainwaler at

constant rate is also shown in Figure-8.

Frnfnll m. Rainwsater Avntpbiiy nnd
1remund mim?® uf Culubmenl Arca
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LIl Conawm piioas
g Hainwater L
LE Availabilit

T ARLass Curnie)
T |
h4{ L7 i
gz | )
e ST

LIl FEMl aiMiJl J L ATSY ol NE DI

Figure 08 Rainfall Intensity, Cumulative Rainwater Availability and Demand.

Source ; Ahmed, M. F, 2002
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The mass curve has been prepared considenng the fact that 75% of the raimwater would be
available. It may be observed that there is a shortfall of 0.48 m’ in the dry periods and an excess
of 0.24 m' dunng rainy season. For fult utilization of rainwater potential, a storage ank of
capacity 0.72 m® that is 40% of the available rainwater is required for uninterrupted water supply
at a constant rate throughout the year, However, if only drninking and cooking water 15 harvested,
the sizes of the storage lank and catchment area would be smaller and within affordable range a

family (Ahmed, M. F., 2002).

4.9.3.e. Quality of Rainwater :

The quality of rainwater is relatively good bul it is not free from all impuritics. Analysis of stored
rainwater has shown some bacteriological contamination (Ahmed, M F., 2002). Cieanlincss of
roof and storage tank is critical 1n mainiaining good quality of rainwater. The first run off from
the roof should be discarded to prevent entry of impurities from the roof. If the storage tank is
clean, the bacteria or parasites camied with the flowing rainwater will tend to die off, Some
devices and good practices have been suggested to store or divert the first flow, cleaning of the
roof and gutter at the beginning of the rainy season and their regular mainlenance are very
imporant to ensure better quality of rainwater. The storage lank rtequires cleaming and

disinfecting at lcast once in a year.

4,9.3.f. Rainwater Harvesting: Advantages and Disadvantapges:

Rainwater harvesting is being scriously considered as an allernalive option for water supply mn
the arsemic aifected areas in Bangladesh. The main advantapges and disadvantages of & rainwater

system are given below :
Advantapes :
» The system is independent and sniteble for scattered settlements.
=  The quality of rainwater is comparatively good.
» Local materials and craftsmanship can be used in construction of rainwater system.
= Easy to maintain by the owner/user.

»  The system can be located very close to the consumption poinis.

Disadvantage :

» The initial cost is high o setup the system
= Availability of water depends on the rainfall tntensity and avatlable roof area.

1 The poor people may nol have a roof suitable for rainwaler harvesting,
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»  Mineral-frce rainwater had a flat tasic, which may not be liked by many.

» Minerai-fiee water may cause nutrition deficiencies in people who are on mineral

deficient diets.

4.10 Strategic Plan for Arsenic Mitigation in Bangladesh :
A strategic mitigation plan is formulated and approached to the government of Bangladesh. The
main elements of the plan are :
1. FEstablishment of Standard Values for Arsenic in Groundwater :
Considering the widespread occurrences, scarcity of allemative safe water sources
and technical capabilities in measurement and arsenic removal, the guideline values

for Bangladesh may be recommended as follows

Desirable Concentration © <001 mgL
Maximum Allowable Concentratton @ 0.05 mg/L.
Unsafe Water c =005 mefL.

2.  INational Survey :
A nation-wide survey should be conducted to achieve the following goals.

» Test of the quality of water of all tubewells

» Delineation of the population exposed to arsenic contamination.

» ldentification of all arsenic affected people.

*  Preparation of the maps showing the hot spots in respect of conlamination of
sroundwater,

3. Provision of Safe Drinking Water :

The possible options for the provision of safe dnnking water melude :

» Identification of safe and unsafe mbewells by marking green and red colour
respectively.

* [Instellation of tubewels in alternative aquifer producing water with low Brsenic
content.

» Insiallation of community type ticatment plants Protected ponds may provide
safe water with minimal treatment.

» Rainwater harvesting should be greatly encouraged as an alicrmanve as well as
snpplementary water supply system.

»  TInstallation of community type arsenic removal plants attached or close to the
tnbewell to produce good quality water.

» Development and insiallation of houschold level arsenic removal unils are

encouraged.
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4. Provision of Treatment and Medical Care :
Tn order to rehieve the arsenic affected people of the pains and agony, it is essential o
» Provide medical and health care for seriously affected patients in heallh centres an
hospitals.
» QOrganize symptomatic Lrcatment such as skin care, providing vitamins and
nutritious food etc.
5. Awarcness Building ¢
People are to be made aware to -
= The possible health elfecis of drinking arsenic contaminated water as well as
unsafe water from unprotected sources.
» Symptoms of arsenic conlamnation and possible places to seek help.
»  Necessity of water test ffom a laboratory.
»  Alternative sources of safe water goed hygleme practices.
6. Strengthening Water Quality Surveillance and Monitoring Capabilitics:
Repular examination of quality following national water quality survey is needed
through strengthening of the local/regional water quality monitoring and surveillance
capabilities.
7.  Building of Capacity though Training :
Appropriate and comprehensive Lraining programs are to be developed wilh the
follownng targets :
» Development of skills of the doclors and health workers to dagnose cases of
ArSETIC POISONing.
» Enhancement of the knowledge and skills of the engineers, hydro-geologist, NGO
workers etc. 10 develop aliernative safe water supply systems.
8. Establishment of National Database and Information Centre:
Establishment of 2 national database and information centre for arsentc contamination
of drinking water and resulting arsenic toxicity through proper documcniation is
essential,
9,  Streagthening of Arsenic Measuremecat Capabilities:
» Vehicle mounted mobile laboretones equipped with arsenic measurement
facilitics can help extending arsenic tesling services closer to the commumues.

» Development of reliable field test kits and standardization of procedure of tests

are essential,

CHAFTER: 4 ARSENIC CONTAMINATION " 60
SITUATION 1IN BANGLADESH



10. Esizblishment of Appropriate Research/study programs ;

The following research programs may be launched:

« Establishment of relation between arsenic ingesuon and manifestation of
symptoms of arsenic related discases through extensive study in the affected.

v Assessment of climical manifestations.

= Efficacy of drugs end other methods of treatment.

» Development of techniques of reliable arsenic detection, measurement end
improvement.

» Identification of source of contarmnation, mode of propagation and hydro-
ceological conditions

*  Allernative surface waler based water supply options.

» Rainwater harveshing, storage and safe uses.

11. International, Inter-Disciplinary aod Inter-organizational Co-operation :
It requires :
» International cotlaboration and co-operation to exchange experience.
» Co-operation among he government organizations and ministries
» Collaboration and co-operation among professional groups.

= Close co-operation among government and non-government orgamzation.

Source : Ahmed, M. F., 2000, Bangladesh Environment 2000, pp 165-170.
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CHAPTER: 05 GEOGRAPHICAL DESCRIPTION OF THE STUDY AREA

5.0 Introduction :
Geographical description of the study arca, another literature of the thesis, has been taken from

some books end journals 10 focus the various aspecis of the study area such as location,

boundary, area, population density, climate, communication, economic activities etc.

5.1 Case Study: Kachua

Kachua Thana is situated roughly with in 23°15' North latitude 1o 23%24' North latitude and
between 90°44' Fast longitude to 91°01" East longilude under the district of Chandpur. It is
located about 25 miles Norh-East comer of Chandpur town and about 80 mules South-East
comer of Dhaka city on the way to Comilla. Kachua, the study area, is connected by a paved
road with Chandpur and Dhaka-Chittagong road (Map: 11}

KACHDA UPAZILA
CITANDPUR MISTRICT

Source : BBS, 1991, Banpladesh Population Census 1591, Zila-Chandpur
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Kachua, the study ares, is bounded by three Thanas of Comilla district namely Chandina, Barura
and Daudkandi and by three Thanas of Chandpur district namely Matlab, Hajigonj and Sharast.
Elaborately, Kachua is surounded on the North-East by Daudkandi, North West by Matlab, on
the South and South-West by Hajigonj and Sharasti Thanas.

The population of Kachua Thana 15 2,93,683 and out of (his, the male and female population is
145956 and 147727 respeclively. 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 235.61 sq. km. and the pepulation density is 1246 per sq. km On the other hand, the
total households in the study area are 50262 and densuty of (he household is 213 per sq. km.
There are 12 Unions and 245 viltages in Kachua Thena. The Unions arc Ashrafpur, Bitara, Utar
Gohat, Dakshin Gohal, Uttar Kachua, Dakshin Kachua, Kadla, Karaia, Purba Pathair, Paschim
Pathair, Purba Shahadevpur, Paschim Shahadevpur.

The climate of the study area, Kachua Thana, may be descnibed as mild, equable and humd.
Winter 15 cold and summer is hot here. The winter siarts from November and ends till the end of
February. The hot season is found from March to June The rainy season continues from mid

June to September,

The mean winter (November (o Fcbruary) temperature is about 71° . The summer season begins
with strong North-West winds in the first week of March and continnes up to June. Generally
June is the hotlest (83.6%F) month. The mean temperature (82.6° F) prevails from March lo

October. Temperature is generally uniform during the summer season.

Rainfall plays an imporiant role to provide water in the ponds, soil and sub-soil. It also enrniches
the aqufers. The rain usually starts in Aprit and continues up to Cetober. But the rainfall 1s not
uniformly distribuied throughout the year. The dry season prevails from November to February.
The average ranfall is only 2.78" in the dry season. Thercfore, soil moisture deficiency is felt
and irrigation is necessary. In this season, ponds become waterless, often hand-tubewells become
inactve and scarcity of waler 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, (he ditches and (he ponds become the sources of water for bathing, 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 wind from the Bay of Bengal conlaining heavy moisture passes over the region. The
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monsoon season lasts for Ave months from June to October. 53.65 inches rainfall occurs in this
season which is 72,7 percent of the tolal rainfall for the year (Rashid H.Er 1991}, Due to Lhe
heavy rainfall, water surplus is experienced during this season. People collect ramwater
tracitionally and use for different purposes like drinking, cooking, washing e1c. Recenlly some
advanced echnologies arc poing to adopt to collect and storage rainwater at a large scale.
Rainfall also occurs during sudden climatic depression which lasts for a few days. In this time,
the low lands, ponds and ditches 1n Kachua become parialty fulfill with water. The abundance of
vegenation in Kachua in directly related to the physical and chimatic condition, Heavy and well
distributed rainfall in combination wath sufficient heat and pood soil is respensible for the
greenery surface of the Kachua Thana. There are different varieties of fruit trees in Kachua
Thana and the most common tress are mangoes, jack fruils, coconuts, guavas, bananas efc.

Natural vegetation and cultivation 1n the region give the expression that the inhabitants make the

most economic use of their precious land.

Kechua Thana, the study area, is connected by bncek soling road with its surrounding Thana of
both Comlia and Chandpur districts. Moreover, every comers 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 ils infra
structure specielly its road neiwork is developed enough. Electneity is provided in each village
of the Thana

The means of maintaining life of the inhabitants of Kachua Thana is primarily agriculture. Although
rain and other chmaric factors dicmte the rhythm of agncultural operations, modern lechnology is
followed to cultivate land and to olher agricultural sectors. Cultivation of rice 1s the most imporiant
egricultural activity in Kachua Poiato, pulse, onion etc are also grown in this tegion, |

Non-agricultural activities are expanding in the study area due to the rapid development of
communication network, The NGO's are playing imponant role to enlighten the people to make
them aclive and to reduce the environmenlal problem specially the problem of arsenic

conlaminabon 1 tubewell watet.

5.1.1 : Union-wise nember of population, households and tubewells in Kachua :

The total number of workmg tubewells m Kaghua Thana is ]TTE?T {GB, 2000} {Action Research on
Community Based Arsenic Mitigation Proicct, July 1999 o August 2000). So it can be said (hat
about 2.8 houscholds in the study area depend on a single tubewell to oblaim water (Table- 12).
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KACHUA UPAZILA
CHAKXDPUR MSTRICT
Distribution of Househalds and Tubewells
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Source : BAS, 1991, Bangladesh Population Census 1991, Zila-Chandpur,
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There are 245 villages witlun 12 Umons tn Kechua Thana of Chandpur district. So each Union
has 1482.25 tubewells and each village has 72.6 tubewells on an average. Union-wise number of
population, households and tubewells in the Kachua Thana of Chandpur distnict are given in the
Table-11.

Table=-12 : Union-wise number of population, households and tubewells in Kachuoa Thana
of Chandpur District.

Unioms Totad | House | Poputation | Population Total No, of No. of No. of
area it | hotd density nudmber | Tobewdl | bousehold | people
ag. b, {Per of in depend depend

s bom ) tnbewells 1. LY ona
k. single single
Tubewell | Tubewell,

Ashrafpar 23.36 4542 27778 1189 2381 102 208 12

Eitara 29461 5250 32546 1103 1594 54 3.29 20

Uttar Gobat, 1460} 3628 21305 1459 1835 126 1,98 12

Dakshin Gohat 14 48 3828 21134 1450 ET27 119 222 12

Uttar Kachna I6 54 36le 20927 1261 911 55 397 23

Dalshin Xachna 13,54 3458 21024 133 1344 99 2.57 16

Kadla 26 97 5218 31487 1167 191§ 71 272 15

Karais 2025 6463 38635 1321 2437 33 2.65 16

Porba Pathair 16.91 3813 20119 119) EXE] 51 4.11 23

Paschim Pathair 1481 3140 13733 1265 754 b} 4.14 23

Purba Shadevpur 16,92 3407 18593 09 L3 53 38 2]

Pashehim Shadevpur 15.57 3699 21300 1147 itl3 &0 33z 19

Total 235.61 | 50262 293683 1246 17787 75 2.3 17

Source: Field Survey, 2000,

Table=13 : Union-wise number of Hooseholds and Water Sources in Kachua Thana of
Chandpur Districl.

Total Total Totst Total Total Faisd
Unkona number of b ber of aumber of number of number of anmber of
Honse holds Tubewells Ponds Rivers'Canxls Taps Wells
Ashrafpor 4942 2381 329 - [ 18
Hitara 5250 1594 633 - 2 11
etz Goliat 3628 1835 105 - 3 0
Dalnhin Gohat JR2E 1727 42 - - 5
Uttar Kachua 3616 911 S04 15 - 11
Dakshin Knchua 345% 1344 957 - 3 [3
Kadla 5218 1916 1722 1 12 ]
Karaia G163 2437 aB4 - 1 31
Porcha Pathair 3613 878 He B - 2
Paschim Pathair 3140 Tad 418 62 - 3
Fnrha Shadevpur 3407 a97 446 - 4 3
Pashchim Shadevpur 3695 1113 204 l 1 g
Total Sh262 17787 T4TH) &7 32 132

Source : BBS, 1991, Bangladesh Popunlation Census 1991, Zila . Chandpur, pp 170-173,
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5.1.2 : Union-wise number of Househotds and Water Sources in Kachua :

There are 7400 ponds in the Unions of Kachua Thana of Chandpur District and their
distributional patiern is shown in the Map-13.

5.2 Alternative Safe Water Optiens in Kachva Thena of Chandpur District :

Different governmgenlal and non-governmental organizations have launched their programs of
strategic mitigation plan in the arsemc affected areas of Bangladesh for 1ts remedy. In the
Kachua Thara of Chandpur district, Grameen Bank and Department of Public Health
Engineening (DPHE) are playing vital role through their massive programs in the study area
including tubewell water test, marking the arsenic affected tubewells, finding ersenic affected

patiems, giving them treatment and providing safe water oplions etc.

Grameen Bank and DPHE have provided salc water options to the people of the study area. They
have wken programs to treat groundwater in an accepiable level and to find out an easy and well
acceptable way to treat arsenic contarminated tubewell 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 conlaminated with
arsenic. Grameen Bank and DPHE have provided alternative safe water options. Photograph of
Pond Sand Filter have given in the appendix (Appendix-03). In Kachua, there are 2 number of
big ponds that contain sufficient water round the vear. 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-14).

Table-14 : Yillage-wine PSF list

| 8§l No. tnion Number of PSF
Uttar Kachua 1
Dakshin Kachua
Korova

Sachar i
Dakshin Gohat
Asrafpur
Kadia

Bitara

Pathair
shadevpur

e Bl Bt el B2l bl Ral B Al Fan

=

ot | ot | o s | b { bt f s f s [

Source: GB, 2000, Report of Action Research on Community Based Arsenic Mitgation Project.
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Map-123

KACHUA UPAZILA
‘CHANDPUR DISTRICT
Distribution of Ponds & Wells

LEGEND

O Poads
{One [ represerts 50 Pands)

a Wil
{Ome £y represents 2 Wells)

O Pura Pubai

{0 Poxchin Patkar
D Bicvs

I Liiar Kxchun

& Dabahin Kachuea
& Purba Sahodevpar
@ Paxhin Sthadopr
® Eada

M Karin

dF Uitar Gobar

' Dekalin Gobat
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Source : BBS, 1991, Bangladesh Popolation Census 1991, Zila-Chaodpar.
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Different Home-based Arsenic Removal Sand Filters:

Grameen Bank has installed three different types of home-based sand filter hke Pitcher Filter,
Chari Fiiter and Two-bucket Filters {Table-16). All these filters work on slow sand filterning
systern. This technology is proved very cffective to remove ersenic. Waler simply passed
through different layers ol brick- chips and sand in both Pitcher and Chan Filters. Grameen Bank
has distnbuted more than 1500 sets of these filters. These are cheap, easily polable and can be
maintained by individual persons or familigs. Pitcher Filter and tls running state are also shown

in the photograph (in the appendix-03),

Rain Water Harvesting (RWH):

Rainwater is safc for drinking if it is collected appropriately. Bangladesh receives abundant minfall
throughout the year, mean annual precipitation ranging ffom 1,400 mm (abowt 55 inches} along the
country’s cast central border to more than 5,000 mm {200 mches) m the far North-East. A family of 6
in Bangladesh needs about 30 hiters hyvmenically safe water evervday for drinking, cleaming and food
preparanon A 20-day dry period requires approximately 100 liters of stored water. To mitigate the
demand of water, Grameen Bank has consiructed 162 rainwaler harvesiers i the study area for
community use { Table-15). From May 2000 all of the 162 RWHs are working. The drawback of the
technology is that minwater 1s available only for a few months of the vear. Fresh mimwater tastes
goad and is the safest for human body, But collection of rainwarer in the proper way and preservation
of this water for a long time are difficult for the poor at family level.

Table-15 : Number of Alternative Safe Water options constructed/supplied in Kachna
Thana of Chandpnar District.

Kachea
Options
Proposed |Constructed/Distributed
Pood Sand Filter (PSF) 9 10
Rain Water Harvester (RWI) 210 162
Safi Filter 210 30
Pitcher Filter None 1560
Chari Filter None i 6
Two-bucket Filter None 6

Source : GB, 2000, Report of Action Research oh Community Based Arsenic Mitigation Project.
The distibution of tube wells, Pond Sand Filter (PSF) and Rainwater Harvesting Reservoirs are
shown on the Map- 14.
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Map-14

KaCHUA UPAZILA
CHANDPUR DISTRICT
Distribution of Safe Water Options
Provided by the Grameen Bank snd DPHE
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Seuree : BAS, 1991, Bangladesh Population Census 1991, Zila-Chandpur,
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CHAPTER: 6 ANALYSIS & PRESENTATION OF DATA RELATED TO THE STUDY
OF ALTERNATIVE SOURCES OF SAFE DRINKING WATER FOR
THE ARSENIC AFFECTED AREAS IN KACHUA THANA OF
CHANDIUR DISTRICT.

6.0 Analysis of Dala:

| Every household was asked cerlain questions {according to the questionnains) that provided certain
profile, behavioral, psychological & socio-economic daa like age structure, dependency ratio, sex,
educational status, occupations, monthly income & expenditure, purpose of use of water from the
existing sources, number of family dependemt on a single tubewell, condition of getting waler from
the sources, availing wbewell waler for drinking or any other purposes, present contition of
tubewell water, peoples attitude about the use of arsenic affected tubewell water, way of concern
about the presence of arsenic in tubewell water; arsenic affectzd condition of the family members,
types of affection and sufferings, their treatment condrtion, treatment service providers, tubewell
water testing, conditions of the waler filtering instruments, condition of the existing alternative
sources of safe dnnking water and therr relative distance from the houses of the households,
providers of the safe drnking authority, required quality of sefe drinking water per femily,
availability of water in the existing water sources, condition of the alternative water options like
pond, pond sand flter, minwater harvesting technique, purpose of use of water from alternalive
sources, roof malerial of the houses of the households and problems related to safe drinking water
in the arsenic efected arca of Kachua Thana of Chandpur distnct. The Table-16 gives Lhe view of
1he factors at & glance those help to fulfill the objechves of the study:

Table-16 ; Factors Discussed in the Analysis Chapter.

Factors
Conditian of existing water sources and their distrbution,

Crbjectives
I. To sudy the extemt and nature of arsenic

comtamination in the drinking water in the study
Ar&E.

pupose of use tubcwell water, mumber of [amily
dependent on & single tubswell, availabilty of water from
the tubewel] and present condition of tubewel] water

2. To wdentify and evaluate the initiatives taken by the

governmem and non-government  organizadons 1o
mitigrie the arsenic contamination in drokitg waber

Testing of water of the tubewells, marking the
tubeweils in red and gresn colour to show arsenic
affected or nat affacted and conditions of arsenic
comtaminated water purifying technigues

3. To find put the ehemnative sources of safe drinking
water for the arsenic affected people of the sudy
area.

Alternative water options, provider of these options,
conditions of these options, relative distance of Lhese
oplions.

4, To assess community awarenesa and perception.

People’s affimty to use contaminated weter of the
hewell, sware 10 the people not 0 use comaminated
water.

$ Supgest some policy guidelines to integrate the
ahemative sources 1o existing sources fo mitigate
the severity of arsenic problem of rural people n
Bangladesh.

After finding information and facts about the problem
and reviewing the existing guidelines, final policy will
be sugwested.

CHAPTER : 06 ANALYSIS & PRESENTATION OF DATA,

!




-

6.1 Information about Socic-economic condition of the Respondents in the Study Area:

6.1.1 Age Structure :

According lo 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 apge structure. By the
forecasting of BBS Census in 1991, about 54 percent of the total population is that ege group. It
has also been found that 18,57 percent family members of the Kachus Thane are in 20-29 age
group which is generally known as young and workable group. Moreover it is found that 14.65
percent and 10.55 percent of the family members of the households are in the (30-39) and (40-49)
age groups successively, These two groups comprise together 2520 percent which is generally
known as mature group in the demography. Generally (20-29), (30-39) and (40-49) age groups are
the incom¢ gencrating groups and Lhey take vital tole in the nanonal economy. On the other hand,
econgmically they are independent in the family and they have to midgate all the needs of the
farmily. In Kechua, it bas been found through the field survey that 43.77% Rmily members of the
households lie in these groups. Only 6.97 percent and 7.50 percemt family members of the
households arc in {50-39) and 60 end above age groups and they make together 14.47 percent
These proups are also known as dependable population in Lhe upper age group (Table-17),

Table 17 ; Age Strueture of the Family Members of the Households.

Age Structure Frequency Percentage |
p-19 479 41,76
20-25 213 18.57
30-3% 168 14.65
40-49 121 10.55
50-59 a0 6.97
60 and above 86 7.50
Total 1147 100
Source: Field Survey, 2000
6.1.2 Dependency Ratio
Pa.1s + Psos
Dependency Rano = X100
Pis.s
Here P s = Populadon within the ages (0~ 15) years.
P = Populauon above 50 years
Fle.m = Populmton within the ages of {16-50) years.
503
Hers Dependency Ratio T e meen X 100
&44
= 7811
= 78 (gpproximaiely}
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From the findings of the survey, it is revealed that there arc less dependabie people (43.85%)
than undependable people (56.15%) in Kachua Thana (Table-18),

Moreover, the dependency ratio is 78 which ndirectly reflect the people’s sound economic
situation.

Table-18 : Dependency Ratio of the Family Members of the Households.

Types | Frequency | Percentage
Dcpendable | 503 343,85
Undependabile People &4 56.15
Total 168 14.65

Source: Field Survey, 2000.
6.1.3 Sex Compeosition :

From field survey, it has found that about 57.80 percent of the family members of the houscholds
are male and about 44 20 percent is female i category. So the sex ratio (Male : Female) of the
iotal family member of the households is 136:100 which is higher than the national sex Ratio
{106:100} for rural areas is Bangladesh (BBS, 1994} (Table-3 in the Appendix). -

6.1.4 Eduncational Statos :

It has been found through the field survey that about 15 26 percent of the total family members
of the households are illiferale, where as 38.01 percent of the pecple possess pnmary level of
education. According to the findings, it is revealed thal 84 74 percent family members of the
households are lLiterate in different levels, 4.62 percent family members of the households
possess graduale degree ot above level of education. From this information it can be said that the

study area is a zone of educaicd 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 achivity of the
people 1s pnmary in nature i.e. cultivation. This is for the soil is so fertile which lies in the flood
plain region, a major categories of physiorraphic divisions of Bangladesh. But a nolable
proportion of the family members of the houscholds are engaged in the tertiary economic activity
ie. in business {6.89 perccnt), service both in private and government (6.71 percent) sectors,
household worker (1.31 %) and day labourer {1.39%). Probably the proximity of the -:.apiliii 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 like 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 houscholds are
house wives {18.31 percent of the total surveyed poputation). The study shows that about 31.21
percent of the family members of the houscholds are students (Table-19). This information is
effective to compmise the high level literacy in Kachua Thana. About 7 67 percent family
members of the households live on different acthivities ke mason, porter etc. 5.23 percent of Lhe
total family members of the households have secondary occupation. The major activity of them
is culbvation {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 houscholds is day labourcr as their secondary occupation.

Table -19: Occupation of the Family Members of the Households.

R Primary Qccupation | Secondary Occupation
Type of Occupation Freq. o Fred. ”
Farmer 235 20.4% 36 60
Houschold Worker 15 1.31 - -
Day Labourer 16 1.39 6 10
House Wife 210 18.31 1 1.67
Unemployed 58 506 - -
Service Holder {Private) 47 4,09 i 1.67
Service Holder (Govt.) 30 2.62 - -
Business man 79 H.89 12 20
Rickshaw/Van Puller 11 96 - -
Student 358 31.21 - -
Others 88 7.67 4 6.66
Taotal 1147 100 60 16

Source * Field Survey, 2000

6.1.6 Occupation of the Household Head :

It 15 evident from the survey that majority of the houscheld heads in Kachua are farmer (41
percent) as their principal occupation. Moreover, 25.50 percent of the houschold heads are
engaged in business for their livelihood. On the other hand, 18.30 percent of the household heads
are service holder whether in Lhe private or government offices. 1t is also evident that 17% of the
tolal household heads in the surveyed area have the secondary occupation. Among them most of
the heads (76.47%%) are involved directly or indirectly with agncultural activinies. Rest of the
heads major sceondary occupation is business (11,76 percent) and a few proportions of them are

day labourcr (5,88 percent).

CHAFPTER : 06 ANALYSTS & PRESENTATION OF DATA 74



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

momth, So it can be said that the maximum families of the study area are 1n the middle class.

Table- 20. Income of the Household per Month {Tk.).

income Group (Tk.) | Frequency | Percentage
0 - 1000 2 1
1001 - 2000 12 b
2601 - 3000 24 12
3001 - 4000 30 15
4001 - 5000 33 17.50
5000 " 97 48.50
Total 200 100

Source: Field Survey, 2000,
6.1.8 Expenditure 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/- t 5,000/- per month. So it can be said that 55.50 percent family’s expenditure islinﬂre
than Tk, 4,001/~ per month. 1t 13 evident that 1n the class group of Tk 4,000°, the percentage of
family of the households is higher (66%) n case of monthly income than that of monthly
expenditure 1.¢. (55.50%)} From this informaticn 1t can be said that the middle class people (the
maximum peoplie according to the findings) of Kachua Thana expense less mongy than their
income, i.e. they have lendency to save money. It is also same for the lower income group
especiglly Tk. {(0/-2,000/) group. On the other hand, the reversed situatioo is found for the
income proup of Tk. 2,001/ 3,000/, In 1his group, the percentage of family of the households is
higher m 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 in the study area. Actually, this data is converted to moothly basis from annual.

6.1.9 Monthly Family Expenditures :

From the field survey it has been found that maximum 31 percent of the tolal households spend
Tk. 2,001/- 10 3,000/ per month for their food. About 24 percent of the households spend Tk
1,001/~ to 2,000/- per month for food expenditure. These two groups of percentages are quile
higher than 9.52 percent households of food expenditure group of Tk, 4,001/ to 5,000/~ On the
other hand, 14 percent of the households spend the least amount of money for food per month
{maximum Tk 1,000/} and this percentage is higher than 9.50 percent and 10.00 pelr;::mt
households of food expenditure groups of Tk. 4,001/- to 5,000/- 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, 1.e. for food and for clothing.
The findings aiso show that maxamum people (70.50 percent of the households) spend not more
than Tk. 1,000/- for (heir clothing in & month. Morcover, Lhere are the least percentage of people
(2.5 percent) spend Tk 3,000/- and above per month for their clothing. So it cen be said that
expenditure for clothung is quite low in Lhe study area, There is a general practice to buy cloths

0ne or bwo 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 (he study. Through
survey it is found that 22% Families needed 21-40 litters, 19% famulies needed 21-40 liters and
also 19% within 20 hiters of drinking water in every day. It is also revealed thst about 60%
families needed up to 40 litters of dnnking water per day.

6.2.2 Purpose of Use of Water !

From the survey, it is evident that ponds are (he most depending sources (54.50%) and tubewelis
are the second prior sources of water (41.71%) in the study area. These two sources comprise
96.2 1 % of the total sources from where people collect water for different purposes. It is also
found that people in the study arca mainly drink tubewell water (77.5% of Lhe tolal 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 of use of Water from different Sources in the Study Area.

Pee , Rainwater Pond Sand
Purpases Tubewell Tabae Pond River/Canal | g0 ine Hilter
Freq. | % | Freq. | % [ Freg. [ % [Freq. | % |[Freq. | % | Freq | %
Drinkin 155 | 3865 ] 7 |5385| 31 [ 677 | 3 [2723] 3 60 1 [ 3333
Cooking 152 | 3790 | 6 |4615[ 38 {820 | 2 [1818 [ 1 20 1 [33.33
Bathing 24 598 - - 172 317 55 4 3636 - - - -
Cleaning/washing 57 1421 | - - 139 {3035 2 [18I18] 1 20 1 | 3333
For all purposes 13 3.24 - - 78 17.03 - - - - - -
Tatal 401 | 166 | 13 | o0 | 458 | 100 | 11 T 5 100 | 3 100
Total No. of Sources 401 13 458 11 5 3 =591
Percentage 45 1.46 P 51,40 1.23 55 . 33 =100

Source: Field Survey, 2000,

In case of cooking, it is found that people mainly use rubewell water (76%: of the total cooking
water sources). Pond water is also used {19% of the tolal cooking water sources) for the same

purpose in the study aree. For bathing, they usually use pond water (86% of the toinl bathing
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water sources) and a few proporuon of them use tubewell water (12% of the total bathing water
sources) for the same purpose. It is also found that people get water for drinking and cocking
purposes from Rainwater Harvesting Reservoirs and from Pond Sand Filtering (PSY) at a very
lower rate (2% for drinking and cooking purpose from Ramwater Harvesting Reservoirs and 1%
from PSF for the same purpose).

6.2.3 Getting Suflicient Supply of Water from Tubewell :

From the survey, it is evident that majority of the people (about 82% of the Iotal households} in
the study area are getting sulficient water from the existing tubewells and only 18 percent people
ere not getting water as they need So it can be said that the people of the study area are not
facing trouble with the quantity of water from the existing tubewells for their drnnking, cooking

and other purposcs (Table-22).
Table-21. Information about Getting Sufficient Supply of Water from Tubcwell
Condition of Getting Water | Frequency | Percentage
IGet sufficient Water 164 82
Do not get suffictent water 36 18
Total 200 10

Source: Field Survey, 2000

6.2.4 Availing of Water from Different Soureces due to Insufficient Condition of Water
Supply from the Existing Tubewells :

It 1s found from the survey that a few percent of people (about 18 percent of the lolal households) are
not gemung sufficient water from the existing tubcwells in the study area. These suffening people avail
water from different sources, when insufficient water supply conditien from the existmg tubewells
prevails. It1s found from the survey that these sulfenng people collect waler mainly from the nearest
ponds {91.18%) and nivers cr canals {2.94%:} in Lhe study area (Table-23).

Table=23. Information about Availing of Water from Different Sources due to Insufficient

Condition of Water Supply from the Existing Tubewells,

Soorces of Water Sopply | Frequency | Percentage
Pond 3l 5118
River / Canal 1 2.94
Other Tubewell {} )
Deep Tubewell { {
Others 2 5.88

Total 34 100

Source: Field Survey, 2000
6.2.5 Number of Family Dependent on Single Tubewell
The impoenant attempt of the survey through questionnaire was to know how many people are

depended on a single tubewell in the study area. I is found that 1-2 families, depended on &
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single tubeweli for water, are the majority of famiiies (about 26.5 percent of the total surveyed
famihes); 34 families, depended on a single tubewell, are the second ghest category of the
families (zbout 23%) and 1-4 families depended on a tubewell, are about half of the lotal families
{aboul 49.5%). There are a remarkablc number of families {11 or about 19.5%) who arc
depended for water on a tubewell in the study arca So it can be said that there 1s no homogeneity
in distribution of tubewells in the study area (Table-24).

Table-24, Information about the Number of Family Dependent on Single Tubewell.

No. of Family | Frequency | Percentage
1-2 53 26.5
34 45 23
5-6 35 17.5
7-8 14 7
9-10 13 6.5
11 and above 3% 195
Total 200 100

Source: Field Survey, 2000

6.2.6 Condition of Getting Sufficient Water 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 ocours
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 (etting 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 36
(et sufficient water only at wet seasons 12 4]
Do not get water all the seagons 16 8
Total 200 100

Source : Field Survey, 2000,

For the above circumstances, there 1s enough water in the rivers and ponds of the termitory as well
a9 in the sgquifers 1.¢. the underground waltcr storapges. It is also evident from the survey that most
of the people of the study area (about 86% of the towal households) get sutficient water from the
existing sources throughout the vear. Oniy 6% pcople get sufficient water 1n the wet season and a

notable proportion of the people (8% of the total households) do not get sufficient water from the

extsting sources at all the seasons.
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6.2.7 Alternative Sources of Water in case ~«:lv!‘ Getting Insufficient Water at all the Seasony
from the Existing Sources :

According to the survey information, ebout 8% peoplc of Lhe study area do not get sufficient
water from (heir existing sources throughout the yenr. Moreover, 6% people avail water only in
the wet season from their existing sources, 1t is also evident that most of these suffering people
(80% of the houscholds) are ta depend on the ponds within their proximity. 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 tubewells.

6.3 Information about Tubewell Water :
6.3.1 Availing Tubewell Water for drinking or any other purposes :

it is known from the survey that about 90% peoplc of the study arca are depended on tubewell
water for drinking or any othcr purposes. 10% people avail water for different purposes from
different sources in spite of contaminated tubewells.

Table-26. Information about Availing Tubewell Water for drinking or any other purposes.,

Aviailing Tabewell water | Freguency | Percentage
Avail 180 S0
Dia not avail 20 10
Total 200 10

Source: Field Survey, 2000.

6.3.2 Present Condition of Tubewell Water ;

Through the survey, it is found that all most all ubewells {98.5% in the study area are arsenic
effected (Table-27). But 1t is also found that most of these comamnated tubewells (91 %) are
using frequently {Table-9 in the appendix) for different purposes.

Table-27. Information abheut the Present Condition of Tubewell Water.

Present condition of the | Frequency | Percentage
Tubewell water
Arsenic affected 197 08.5
Not Arsenic affected 3 1.5
Total 2K} 104

Source: Field Survey, 2000.
633 Time of Detection of Arsenie in the Tubewell Water first.

When the peopls conld know the presence of arsenic in tubewell water nearby of the houscholds
house an attempt of study wes conducted in the month of Apnl 2000, It is found that about-31 %
people in three months ago, 14% people in four 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 nearby the
heuseholds house in the study area. Bun all the people (100%) could come Lo know the presence
of this loxic etement in the tubewell water of the study area within the last six months.

6.3.4 How (he People came to know the presence of Arsenic in Tubewell Water first :
Almost all people {about 100 percent} of the study area arc concerned sbout the presence of
arsenic in tubewell water. Most of them could know it first from the NGO’s water tesi and some
of the people from GO’s weler test in the temritory. A man could know (he presence of arsenic in
tubewell water by His sell initiative i.e. he tested tubewell water by imself.

6.3.5 The Testing Anthority of Tubewell Water :

From the figld survey it 1s known that both the governmental organizations {16%) and the
nongovernmental organization (83.5%) have tested tubewell water in the study area to detect
arsenic in water. Maximum water tests were conducted within three months before (50.5%) and
sbove three months before (49.5%) from the time of survey {Apnl, 2000). ARer water test
maximum tubewells (99%) are marked with red (means arsenic conlaminaied) and green {means

pot arsenic contaminated) color (Table-29).

Table-28. Information about the Testing Authority of Tubewell Water,

Water reting Water tested before the time of su
authority Fres. e 1 month 2 muanths 3 months Above 5 monthy
Freq. o Freq. A Freq. " Freg. | %
L) 32 160 2 i 0g [ 4 1} 1% 5.00 iz | &00
NGD 167 §3.50 I 1,50 26 13.00 52 2600 85 43.00
Sedf i S0 1 50
Tatal 2 14 3 2.5 34 17 G2 31 94 49.5

Source; Field Survey, 2000

The survey finding also shows that 99% of the wd marked tubewetls are used by the people
frequently (Table-29). It is known from the previous iables (Table-27 & 29) that water of
maximum tubewells (99%) are arsenic affected and most of them (91%) are using for cooking
and drinking purposes. So & hitle difference is found in conrext of use of arsenic conlaminated
tubewell in the study area

Table-29. Information about the Marking and Using Condition of the Arsenic Affected
Tubewell,

. Usirvg conditiare of the red mavked tubewell
w:‘;fhﬁ':'g Freg | % Using Not Tsing
Fl"bth e Fl‘tq. e
Marked 198 9900 194 0892 14 [0G
Mot Markad 2 1.00 2 wer_ (] __
Tolal 204 100 186G 14

Source: Field Survey, 2000
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6.3.6 Purpose of Use of Water Availing from Arsenic Affected Tubewells :

From the survey ii is found that 9 1 % of the arsenic contaminated tubewells are on use (Table-9
in the appendix). Water collected from these tubewells are genermlly using for drinking
(34.85%), cooking {26.019%), bathing {16.67%) and washing (21.72%) purposes. It is also
revealed that arsenic comtaminated water from mbewells are mainly using for drinking and
cooking {60.86%) purposes in the study area (Table-30).

Table -30. Information about the Purpose of Use of Water Availing from Arsenic Affected
Tubewells.

Purpose of use water from arsenic Frequency Percentage
affected Tubewells
Drinking 138 34 85
Cooking 103 2601
Bathing b6 16.67
Washing clothes 86 21.72
Others 3 .5
Total 396 106

Source: Field Survey, 2000

6.3.7 The Advising Authority not to Drink Contaminated Water :

From the feld survey it has been revealed that most of the people of (he study area are informed
about Lhe presence of arsentc in tubewel} water, adverse effect of arsenic in human body and are
also conscious not to drink arsenic contaminated waisr. But how (hey have come to know the
presence of arsenic in tubewell water within this proximity and who has informed them about
this hazerd are one of the quos of the study. From Lhe survey it is known that most of the people
(74% of the izl households} are informed by the NGO's aod a noteble proportion of the people
of the siudy area (23% of Lhe total households) are advised by the GOs aboul the negative health
consequences of arsenic. A very few number of people (3% of the households) has gpiven ther
view that they have come 10 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 total
households) do not get arsenic free water. |t is found that people in the affected area are provided
arsenic free water mainly by the GO’s {about 57% houscholds opinioned) and in some cases by
the NGO's {about 3 1 % households opinioned). People also get arsemic free water by self
ipitiatives (about 3% households opinioned) (Table-31).
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Table-31. Information about the Condition of Availing A rsenic Free Water.

Candition of availing Arsenic Freq. o <o Provider of ar;:eég frec “Tttr S
free water Freq. “e | Freq. | % | Freq. |> %
Avail 35 17,50 20 5714 | 11 31 43 4 1143
Do nol avan) to3 52 50
Total 200 i |

Source: Field Survey, 2000

6.3.9 Condition of Water Filtering Instrument :

Although various studies and mformation showed that a severe arseme disaster in drinking walter
in the study area prevails but no remarkable actions put forward for its immediatc remedy. H is
opinioned that water filtenng 15 the most prominent and adoplable technique to remove arsenic
from water in contexi 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 86% households) do not have
any water filtering instruments

Table-32, Information about the Condition of Water Filtering Instrument.

. . Fitlering insirument provided by
Candn‘.u;::r ;::‘:;::'t filtering Freq. . 0 NGO SoiF
Frea. A Freg. | % Freq. %
Have 28 14 3 1671 23 824 2z 714
Have not 172 86
Total 20 100

Source: Field Survey, 2000.

Only 14% households gave their opinion in favour of having water Ritering technique. Thr:},; 3150
told that NGO's have mainly given (about 82% houscholds of the households who have the
technique and have vicwed) financial and technical suppori to have the water fillering
instruments to the suffering people in the study area. Governmental Organizations have also
taken their role in this context (about 11% houscholds of the households who have the technique
and have viewed). A nolable proportion of the households (about 7% of that households) have
adopted the technigue by their own initiatives (Table-32).

63.10 The Advising Condition not to Drink Arsenic Contaminated Water .

The people of the study ares are depended on tubewetls for danking water traditionally like other
rural people of Bangladesh, 11 is found from the survey that most of the people in the study ares
(85% of the total households) are informed about the presence of arscnic in tubewe!l water and
they are informed not to drink arsenic contaminated water. They are mamly informed by the
NGOs (78% households of the informed households who have viewed). The Govemment
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organizations have also set forth their activities (22% houscholds of the informed househelds
who have viewed) to make aware the people about arsemc contamination in tubewell water in

the study area (Table-33).

Table-33. Information about the Advising Condition not to Drink Arsenic Contaminated
Water:

Advising condition not to P . Advising by
i i req. * GO NGO
drink arsenic eifected water Frec. o Fres 5
Adwvising 170 85 Kk 2235 132 7765
Do oot advising ETY 15
Total 200 HONT !

Source ; Field Survey, 2000
6.4, Information abaut Health Condition in the Study Area :
6.4,1 Arsenic Alfected Condition in the Family Member of the Household

Although 98 5% tubewells in the study area are arscnic affected (Table- 27) end most of these
tubewells (9 1 %) are using frequently as sources of drinking and cooking water (Table-% in the
Appendix), but a very lew number of people (6.5% households view) are found arsemic allected,

Table-34. Infarmation about Arsenic Affected Ceodition in the Family Member of the
Household.

Condition of the family member | Frequency | Percentage
Arsenic affected 13 6.50
Not Arsenic alfected 187 93.50

Total 200 100

Source: Field Survey, 2000,

They are suffening from fracture spot 'in hand i.e keralosis (61.5% of the Lotal aflected persons),
foska in hand 1.e. non-pitting oedema (23.10/0), infechion 1n leg 1.€. pangreng (15.4%) etc. due to
arscnic affect (Tahle-35). The above symptoms in the body of the affected persons are identified

within a year (53.7%]) and in some cases from above one year (46.2%),

Tahle-35. Infermation about the Condition of sufferings of the Arsenic Affected People.

Duration of Sufferings Total
Types of Suflerings 1 month 2 months 3menths-1 yerr 1 Yeart
Freq. %a Freg. Ve Freq. *a Freq. Yo Freq. %o
Keratasis [ 77 3 23 4 307 ] b 15
Noo-pitting Oederna [ 77 2 154 3 2311
(Gangrens 2 154 2 i5.4
Total 4 30.7 3 231 & 462 13 160

Source: Field Survey, 2000,
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So, it can be said that healih effect of arsenic 1n human bc:dy in the study area are found 1n very
recent time. It 15 also found (hat most of these arsemc affected patients {92% of the totel arsenic
affecied patients) in the study area did not lake any reatment (Table-12 in the Appendix). Rest
of the patients {8%) took treatment from local doctors (61.54%) and alse from NGO workers
(38.46%) in the study area (Table-13 in the Appendix). From the survey 1t 15 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 peeple (6.50% of the rcspondents) are arsenic aflected and
they are suffering from karatosis, non-pitting oedema, pangrene etc. Among them 3 patienis
(23.07% of the total arsenic alTected patients in the study area) have died. It 15 also revealed that
most of the suffering people {100%) are living below poverly line 46.15% of them are below
hard core line and 53,85% arc above hard core line but below poveriy line {Table-36).

Table-36 : Information about income, cost for food and calorie intake of the family of the

arsenic affected patients.

Cost for food Estimated
Income Group | No. of Arsenic No. of family per Cost for food caloric inlnke
(Tk) Affected Family members of month/famity per personfday sLatus (per
cach family (Th} day/person in
(The) ki‘cal
<|§00 e helow
1 4 8060 866 hard core
0-1000 =2 poverty line.
i 5 800 333
18007 - 2250 e
3 4 1500 12.5 below bard core
poverty fine.
1001-2000 I =3 5 1700 1133 "
4 6 16040 B33 < 1§00
2001-3000 1 } 5 2000 1333 1800" - 2250
=3
2 & 2400 13.33 "

Source : Field survey, 2000 and Bangladesh Journal of Nutntion, 1992,

These poor people usually suffer from malnumtion which reduce the body resistance power and
easily faciliates the occurrence of arsenicosis So it can be said that malnutrition is one of the

imponant health factor te be affected by arsenic.
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Table-37 : Information about the relations between poverty Ievel and arsenic affect.

Calorie Intske status of the family | No. of family % |
of the arsenic affected patients

Below Herd Core Line b 46,15%

Above Hard Core Line 7 53.85%

Below Paverty Line i3 i 100%

Source ; Field Survey, 2000.

In our country poor people usually suffer from malnutrition which reduce the body resistence
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 (100%)})
{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 Arsenic Affected Patient:

It is found through the field survey that a hnle proportion of tbe people (6.5%) in the study area
are arsenic affected {Table-34). Meaximum of these arsenic affected patients (76,9%) are wotking
normally. But some of them c¢an not work (7.7%) due to its adverse affect on body, some are
deprived from work (7.7%) and some are socially negiected (7.7%) thinking it as coniagious
disease (Table-14 in the Appendix).

6.4.4 Condition of Availing Health Service Facilities and the Providers of Facilities:
Knowing the health condition of the people in the study area was one of the important atiempts
of the study through questionnaire. Most of the households {95% of the houscholds) have given

Table-38. Information about the Condition of Availing Health Service Facilities and the

Providers of Faeilities

Condition of availing ¥req " lltﬂldﬂaﬁtrwcei me;:;dﬂhy
henlth service faciliGes | Feea. 7 Frea. o
Get 11 5.50 5 45451 6 | 5454
Do not get 180 24,50 !

Total 200 100 !

Source: Field Survey, 2000

their view that they do not get health service facilities either from the Government or from any
other NGQO's. Only 5% households have given their opinion that they get health scrvices both
from GO {45% of the households) and NGO (55% of the households).
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6.5, Information about Alteroative Sources of Safe Drinking Water ;

6.,5.1 Existing Alternative Sources of Safe Drinking Water in the Study Area:

From the survey, it is found that 98.5% tubewells are arsenic affected (Table-27) and 10% of the
households do not avail tubewell water (Fable-26) for drinking or any other purposes. It 1s elso
found that there are some altemative sources of safe dnoking water in the villages of (he study area
and they are decp tubewell, pond, pitcher filter, pond sand filter, rainwater harvesting reservoir.
People avail water from these sources. Bm the most depending source of 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 5afe Drinking Water in
the Study area.

Mo of water Derp Tubewell Pood Pitcher Fileer Pond sand Filter Rairwater
=ouTTE {PSF) Ha ing reservoir]

Freq. e Froa. e Freq. e I'rex. e Freq. i

02 &2 65,54 51 40,43 4 106G |10 110 a7 1G]
s 28 29.7% 57 40,43
&5 4 4 2% 14 293
B-1t 4 233
12-14 4 283
1517 2 142
17+ 3 213

Total 9 18 i4l i) 4 180 |If 1 57 {1}

Source: Field Survey, 20{%)

Drinking Condition of Water of the Existing Sources :

it is found through the survey that the major existing drinking weter sources in the study area are
tubeweils and ponds. It is elso found that people depend on river, canal and on oewly installed
water options like Pond Sand Filter (PSF), Rainwater Harvesting (RWH) for the same purposes.
It is an atternpt of 1he study to know the dnnking condition of water of the existing sources in the
study area It is revealed that tubewell water s mamnly used (87.21% households of the total
households view) for drinking {44.03%) and cooking (43.18%) purposes (Table-21}. 90% peopic
in the study area usually avail tubewell water (¥able-21). But most of the people’s (90.5%) view
is that the tubewell water in the study area is not drinkable due to arsenic affecled (Table-27).

Through the survey it is found that pond water in the study area is nol drinkable {87%
households view). But pond is Lhe second prior source of water in the study area ( Table- 21 ) in

normal sitvation and even in any adverse condition.

Different Governmentat end non-governmental organizations have taken programs to mitigate
the arsenic comtamination problem in ubewell water in the study area. Ramwater Harvesting
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(RWH) and Pond Sand Filter (PSF) are the bwo 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 dnnkable. According to the survey information, 53% people in the study
area seem that water from harvested runwater 15 dnnkable.

Table-40. Information about the Drinking Condition of Water of the Existing Sources.

| Prrinking condition
Existing Water Sources Drinkable Not Drinksble

Freg. Va Freg. %o
Tubewell 9 o 151 ™o 5
Brezpr Tubewtll 4} £4 ] 14
Pond 26 13 174 &7
Rainwater Harvesting 15 53 i7 47
Canal 2 5 4 G5
Raver - - 5 106}
FSF 1} } L) ! - -
{Oithet i 54 I 5Q

Total

Source: Field Survey, 2000

Relative Distance of the Existing Sourccs of Drinking Water from the Houses of the
Households :

From the survey it is found that most of the tubewells {71.5% of the tolal tubewells within Lhe
survey area) are located within 10 melers from the houses of the households. Moreover, about
82.5% tubcwells are located within 15 meters from the houses of the dwellers in the study area.

On the other hand, maximum ponds (6%% of the total ponds) in the study area are located within
15 melers from the house of the houscholds. Deep tubewells are also located within %4 km of
their houses. There are also canal and niver within 1/2 km. from their houses. From the above
information 1t can be 3aid that the tubcwells rather than other scurces of drinking waler ans
jocated very nearer to the houses of Lhe houscholds Althoogh the people are concemed that
98.5% tubewells are arsemic affected (Table-27), the proximal distance of tubewells from the
residences of the houscholds makes the people psycholopically bound to collect and to
frequently use of tuhewell water for different purposes.

Tabie-41. Information about the Relative Distance of the Existing Soorces of Drinking
Water from the Houoses of the Households.

Water Sources Disianee of the existing sources of drinking water from the honses of the househnlds.
(-] m [(3-5) m {6-8) m [3-11) 214 m | 15m-%km | % ket

Freq.| % | Freq.| % |Freq.| % |Freq.| % | Freq. | % | Freq. | % |Freq.| %
Tubewell 21 135 Gl W3y M x| 3¥ 18.5 17 35 a2 16 & 3
Deep TW ! 5 2 ! k! I's 4 2 i 5 73 335 No | 58
Pond 13 6.5 M 17 30 13| 33 | 175 26 13 59 0.5 3 1.5
HEW 2 5 2 5 - - - - - - 1 15 31 1
{Canal I 1 4 2 | - 23 - 22
Fiver I z 1 - - 4 3

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 hike Ponds (20.45%), Deep tubewells {31.82%), Harvested Rainwater {9.09%),
Pitcher fiter (4.58%), Pond Sand Filter (18.18%) and most of the people {78% of the Household)
are deprived from safe drinking water. 1t is also revealed that the Governmental Organizations
are taking vital role (70% households view) to provide safe drinking water to people of (he study
area (Table-32). Non governmenial organizations also set forth their programs individually
(24.5% houscholds view) end jontly (5.5% households view) with the governmental
organizations for its remedy (Table-17 in the Appendix).

Table-42. Information about the Condition of Availing Safe Drinking Water.

Conditien Sonrces of Safe Drinkzng Water
of availing . ‘ PFond Sand Other
safe Freg. | % Pond Deep T, W, RW.H, |Ptches Filter Filter Sources
DE,':':;:E Freq.| % |[Freq.| % |Ereg | % |Freq] % |Freg.| % |Freq.| %
Avail 44 22 9 12045 14 3182 |4 909 |2 454 B 18 185 L1.36
Mot Avail 156 T8
‘Total 00 | 100

Source: Field Survey, 2000

6.5.3 Availability of Water in the Existing Water Sonrces :

From the survey it is found that the existing water sources in Lhe study area are the tubewells (100%
households opmion}, ponds (100%), deep tubewells (33%), canal {32.5%), harvested rainwater
{13%) and nver (3.5%). It 15 also evident that water prevails in tubewells (96% households opinion),
in ponds (90 5%, in canal (58.46%), in over (57.14%) and in (he harvested minwater reservoir
(3.85%) for § months and sbove, i.e. through out the whole year (Table-4Y). So it can be said that
waler is available in the existing sources through out (he year in the study area.

Table-43. Information about the Availability of Water in the Existing Water Sources.

Availabitity of water in the existing water 500rce
Existing wwtce ° and above (3-11
N WHECE | Freq. | % | (0-2)months | (35 months | (6-8) months thove (-1
Freq.| % |Freq.! % [Freqg] % |[Freg | %
Tubcwell 200} 100 2 1.0a S 3 1.50 9 9 0
Deep Tubeweli fiG i3 1 ¥ 5l G o.0% 22 1333 a7 56 06
Pond 201 1L - - 5 2 50 14 T 181 G50
Parvestod 26 | 13 | ax [seaz] 4 s | o4 fosaw |0 | s
leanal [ %] 325 - - - - 7 | 4l a8 58,46
Fover 7 35 - - - - 3 42 80 3 14
Tota) %64 ] 100 | - | - | - - 1. _ _ _

Source: Field Survey, 2000
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6.5.4 Condition of Rainwater Harvestinﬁ Technique in the Study Area:

Rainwater harvesting 1s an old and very familiar lechmique 1n the rural areas of Bangiadesh. The
rural peoplc usually collect water in their pitchers & ‘motka’ when it is raining. This water is
used mainly for domestic purposes and rarcly for drinking purpose for a very shorl time.
Community based well developed harvesting technique is edopted in very recent time in the rural
areas specially in the arsenic afTected arcas of Bangladesh. This is the laiest but very expensive
technique in context of socio-economic condition of the rural people of Bangladesh for getting
safe drinking water. Throughoui the survey it 1s found in the study area that 36 households (18%
of the total houscholds) have responded in favour of existing rainwater harvesting techmque

wilhin their proximity.

6.5.5 Time of Harvesting Rainwaticr by the Households themselves :

Through the snrvey it is found that 90% people in the study arca do not harvest minweter during
rainy season lo gel safe drinking water and only a few number of families {10% houscholds)
avail water from this new technology. Tt is also known that (he households have adopted this
technology very recenlly. Most of the rainwater harvesting spots (80% of Lhe total spots) have

installed wathin the }ast 2 months,

According 10 the survey information, it can be said that 45% of the adopiced harvesting lechnuques
were set up in one menth ago from he time of survey 1n the study area. Tn addition, 35% rainwater
harvesting lechniques were set up 3 months ago. 5% people of the total minwater harvesters collect
rainwater in traditional method duning rainy season (Table-20 in the Appendix). The harvested
rainwaler 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 (Table-44).

Table-d4, Information about the time of Harvesting Rainwater bry the Households themselves:

. Time of Harvesiing Rainwater by the houwseholds
Condition of Yarvest in Tradicional
Harvesting Freq. | % 1 Moath 2 Moanths 3 Moaths above rvestm tona
Rai t System
mwarter
Treg. i Freq. %o Freq. T Freq, %
Harvest 20 ) 9 45 7 35 3 15 1 5
Do not barvest 180 [ S0
Total 24 | 100 |

Source: Field Survey, 2000,

6.5.6 Purpose of Use of Harvested Rainwatcr (in priority basis) :
It is also found that the harvesied rainwater is used for different purposes like drnking (33.5%),
cooking (3 8.5%), washing (2%) and other (2 1%) purposes. Among the above purposes, the #7%
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users use Lthis water mainly for drinking (100% houscholds optnion for the first priority) and then

for cooking (100% opinion for the 2nd prionty) purposes.

Table-45. Infermation about the Purpose of Use of Harvested Rainwater (in priority basis).

Purpose of use of Freq. Yo Priority Ranking of nse of Harvested water
Harvested 1 2
Rainwater Freq. e Freg. .

Drinking 20 385 20 THY G 0
Cooking 20 385 Y 0 20 104
Washing 1 2
Orthers 11 21

Total 52 109

Source - Field Survey, 2000,

6.5.7 Assisting Authority to exist the Rainwater Harvesting Technique :
There are several rzinwatcr harvesting tanks in the swdy area set up mainly by the
nongovernmental orgamzations {91.5%) and slso by the governmental organizations (8.5%} t0
provide safe drinking water {(Table-21 in the Appendix). It is also kmown that each enk costs
12,000/ to build up. In case of selecting the location of the tanks the following things were
considered

1. The moof of the houses are built with relatively new C.I. sheets.

2. Maximum people can get water traveling minimum distance.

It is also found that maximum roofs of the houses (96%) 1n the study area are built up with C.L
sheets. So the rainwater harvesting technique can easiiy be setup 1f other financial and material
supports avaitable. So it can be said that the roof condition of the houses in the study area are

favourabile to setup Rainwater Harvesting Techniqué.

6.6 Information about the Problems Related to Safe Drinking Water :

The people of the study area are suffering from different problems related w availing safe
drinking water. On (he 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 drnk arsenic contaminated watcr, people are bound 1o drink arsenic contaminated water,
pond water in impure, deep tubewells are ofien disordered, insufficient number of tubewells,
water purification method in costly, lack of water punfying instruments, water in the pond dose
not stay in a1l seasons, arsenic affected people are socially neglected, tubewell water is red 1.e.
high concentration of iron in water, collection of water from a long distance hampers the normal
activities of the housewives, safe drinking water collection is difficult dunhg rainy season,
arsenic contamination problem is a ierrible problem, fiilered water is not tasty, water is not
available from harvested minwater reservoir when rain does not occur, people can not drink
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harvested rinwater due to odor of cement in water, quantity of arsenic in tubewell water is not

Imown accurately, lack of reservoirs for collection of rainwater, people are annoyed with GO &
NGO's activities etc.

Tabie- 46.Information abont the Probltems Related to Safe Drinking Water,

51 Problems Freq. Ve
Mo,
1. {Scarcity of eafe drinking water 12 35.82
2, 1People are worried about getting safe drinking warer 60 17.91
3.  |Safe drinking water sources are far away from the houses, 44 14.63
4. |Health effect due to drink arzenic contaminated water I9 5,67
5.  |Paaple are bound to drink arsenic contaminated water 6 4.78
6. |Pond water is impure 15 4.4%
7. |Deep tubewells are often become inective or difficult to oparats 14 2,99
8. {Insufficient number of tubewells 19 289
». (Alternative Safe Water options are ¢ostly to adopt & 174
0. [Alernative Safe Water aptions are insufiicient 5 I 49
11, (Water is not availzble tn the pond in 2l] seasons 4 1.19
12. | Arsenic affected people are socially neplected 3 BY
13,  |Tubewell water is reddish in colour i.e high copceptration of iron in water 3 B9
14, | Safe water collection from a long distance bampers the activities of the 2 6
housewives
15, | Safe drinking water collection 1s difficult from ponds and rasmwater 2 &
harvesting reservoirs
T4, [Arsenic contamination problem is a temible problem 2 B
17. |Fittered water from pitcher filter, charri fiker and pond sand fileer is not 2 B
tasty
1%, |Water is not available from harvested rainwater regervolr 2 &
when rain does not acour
19. jPeople can not drink harvested rainwater due to bed odor of 2 &
Cement in water
20, Chuanitty of arsenic in tubeweil water is not known accurately i 29
21, |Lack of reservoirs for collection of rainwater 1 .28
21, |People are annayed with fiD) & NGO s activities 1 28
{ Total = 335 99.0%

Soworce: Field Survey, 2000,
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CHAPTER 07: FINDINGS & RECOMMENDATIONS OF THE STUDY

7. Findings & Recommendation :
7.1 Findings :

)
On the basis of analysis of questionnaire survey on ‘Alternative Sourves of Safe Drinking
Water for the Arsenic Afected Areas in Kachua Thzna of Chandpur District’, some
generalizations are formulated. Moreover, a total scenario relevant to the arsenic contamiation
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
numnber of families in each of the village in Kachua Thana of Chandpur District. Tubeweil water
in the study arca 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, Bat il 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 mg/L. The wells arc marked (98.5%) with red and green colors which
indicate the tubewell are arsenic affected and are not arsemic allected respectively. Although
water of these tubewells ($0.5%) are not drinkable and people are concerned (60.5%) about this,
but people are using (98.5%) water from these contaminaied tubewells for drinking, cooking and
other purposes. The lack of adequate number of safe drinking waler options is the prime reason
of use of contaminated tubewell water by the people in the study area, Consequemly ibere is
huge number of ponds in the study area aud 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
governmeutal and non governmeutal organizations. The arsenic affecled patients can not work
{7.7% of the 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 promoie by both governmental and
non-governmental organizations at a very small scale in the study area. Among the water options
3-pitcher filter technique is comparatively less costly and comparatively popular than rainwater
harvesting technique. Pond sand filtering is also found to adopt at a very small number in the
study area Thus new techniques are innovated and are trying o set up for the remedy of the

problem
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7.1.1 General Condition of the Existing Watcr Sources

L.

The cxisting water sources in the study area are the tubewells (100%}, ponds (100%),
deep tubewell (33%), canal (32.5%), harvested rainwater (13%) and river (13%). ©

In general, pond is the mosi depending sources (54.50%) and tubewell is the second
prior sources of water (41,71%) in the study area.

Water prevails throughout the year in the existing sources in the sludy area like
tubewells {96%}, ponds {30.5%), canal (58.46%), nver (57.14%) and in the harvested
rainwater rescrvoir (3.85%).

Most of the people of the study area (about 86% of the total households) get sufficient
water from (he existing water sources throughout the year.

People at a very low rate (18%) do not get sufficient water from the existing
tubewells. They avail waler in the crucial time from different sources like ponds
(91.18%), river and canal {2.94%).

A little proportion {14%) of the total houscholds is suffering from scarcity of water
from the existing sources in all the seasons (6%) or for a few time of the year {8%).
Mosl of Lthese suflfering people (80%) avail water from ponds within their proximity

when the water scareity sitnation prevails in the study area.

7.1.2 Tubeweils :

1.

2.

About 82.5% tubewells arc located within 15 meters from the houses of the dwellers
in the study area.
There in ne hemogeneity in distribution of tubewells in the study area in context of

family numbers.
1-6 families depended or a single tubewe!! is the maximmm family group (67%) in the

study arca.
Almost all tubewells {9 1 %) arc using for collection of water for different purposes.
About 0% people of the study area are to depend on tubewel]l water for drinking or

other purposes.
People of the study area generally avail tubewell water for drinking (77.5%) and

cooking (76%) purposes.
Majority of people (83% of the tolal households) do not get arsenic free water i the

study area.

CHAPTER 07: FININNGS & RECOMMENDATIONS OF 93

THE STUDY



10.

11.
12.

13,

14,

15.

16.

i7.

The crisis of safc drinking water prevails in the study arez. Only 22% people can avail
safe drinking water from ponds (20.45%), deep tubewells (31.82%), harvested
rainwater (9.09%), pilcher filter (4.5 8%), pond sand [ilter (18.18%) etc.

To detect arsenic in tubewell water in the study area, maximum water lest were
conducted by Lhe non-governmental organizations {75% of the Lotal tests).

The people in the study area are not facing trouble (82%) with quantity of water from
the cxisting tubewells for drinking and other purposes.

Almost all tubewells (38.5%} in the sludy area are arscnic affecled.

Maximum people (60.5%) of the study area could come to know the presence of this
toxic element in tubewell water in the study area waithin the last one year from the
survey date (April 20003.

Water from most of the tubewells (90.5%) is not drinkable due to arsenic affect in the
study area,

Muximum tubewells (98%) are arsenic affected and most of them (91% of the
affected tubewells) are using for cocking and drinking purposcs.

Maximum tubewclls (98.5%) in the study arca are marked with red (arsenic
contaminated) or green (not arsenic contaminated} colors.

69%% of the red marked (i.e. arsenic centarminated} tubewells are frequently used by
the people.

Tubewells rather than other sources of drinking water are located very nearer to the
houses of the houscholds. It makes the people psychologically bound to drink arsenic

contamninated tubewell water in the study arca.

7.1.3 Ponds:

1.

2.

Maxirmum ponds {69% of the tolal ponds) in the study aree are Jocated within 15
meters from the houses of the houscholds.

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 pot drmkable (87%4) at all

7.1.4 Rainwater Harvesting Techniqae:

1.

Most of the people (90%) do not avail water from harvested rainwater reservoirs. It is
a very new water option initiated in the study arca.
Two basic phenomena are considered by the authority to select the location of

rainwater harvesting reservoir in the study area and they are: roofs built with C.I.
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sheet and minimum distance fFom the houses but maximum opportunity to avail water
from the reservoirs. 3
The rainwater harvesling reservoirs are set up mainly by the nnn-govemméﬂta]
organizations (91.5%). Each reservoir costs Tk. 12,000.00 to build up.

The harvested ramwater is mainly used for drinking (100%) and cooking (100%)
purpases.

The harvested rainwaler rom developed lechnology can be used hardly for 5 months
{T5%).

People pet water for drinking and cooking purpeses from rainwater harvesting
reservoirs and from pond sand fiter (PSF) at a very low rate (2% and 1%
respeclively),

Maximum roofs of the houses (36%) in the sludy area are built with C. I. sheets.

The roof condition of the houses In thfl: study area 1s favourable to sct up raimwater

harvesting technigues.

7.1.5 Health Effect:

1.

Maximum people (95% of the tolal houschoids) in the study orea do not get heaith
service facilities in relation to the arsenic alffect either from the governmental
erganizations or from any other NGOs.

A very few number of people (6.5%) are found arsenic affected in the study area
They are suffering from Keratosis, Non-pitting Ocdema and Gangrene etc. -
Most of the arsenic affected patients in the study area (92% of the lotal arsenic
affected patients} did not get any treatment and rest of them got treatment support
from local doctors {61.54% of the people who got help) and from NGO workers
(38.6% of the people who got help).

Majority of the arsenic afTecled patients (76.9 1 %} as found, ere working normally.
Some patients can not work (7.71% of the tolal patienis), some arc deprived from
work (7.7%}) and some are socially neglected (7.7%).

The burning problems created due to Ihe arsenic affect in the study area are:

a)  Scarcity of safe drnking water;

by Pecple arc worried about their fale.

¢) Safe drinking water sources are insufficient and located far away from the houses.
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1.1.6 Role of GO’s & NGO's:

1.

Lal

Most of the people (74% of the total households) are noticed by the
non-govermnmental organizations (NGQ's) about the presence of arsenic in tubewell
water, negative health consequences of arsenic and procedures to get arsenic free
waler,

Mainly NGO's informed (75%) Lhe people about the presence of arsenic in tubewell
watet in the study area The govemnmental organizations are taking vilal role (70%) to
provide safe drinking water to the people of the study area. Non-governmenltal
organizations individually (24.5%) and jointly with the governmemtzl organizations
are (5.5%) working for its remedy.

Among the new sources of safe drinking water promoted by different governmental
and nongovernmental organizations in the study area, water from Pond Sand Filter
(PSF) is 100% drinkable. But water from Rainwaler Harvesting Reservoirs (RHR} is
not fully drinkable {53%) due to odor of cement.

To get arsenic free water, only 14% people in Lhe study area are using water-fillering
technigues. Maximum of the instruments (82%) are provided by the NGO's.

72 Recommendations : The following steps may be recommended to encounter the
arscnic hazard :

7.2.1 Immediate Relicf Measurcs:

72.1.1 Recommendation-1 : Build Awareness Through Mass Communication :

» Intensive awarcness raising activities should be undertaken immediately regarding
negative health effects of drinking arsenic-comtaminated water in order to introduce
preventive measurcs in coopetation with community based organization {CBOs},
NGOs and others. Mass media and communication facilities of government and
nou-government organization should be initiated for awareness. Specific posters,
leaflets and other communication materials should be developed for this purpose.

¢ To make the people aware about arsenic contaminalion and its health effects
lraining program should be arranged specially for female members of the family in

the arscnic afl=cted arcas.
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7.2.1.2 Recommendation-2: Providing Safe Drinking Water
Immediate refief on emerpency basis should be provided through the supply of safe drinking

water, In selecling the source of supply of safe drinking waler, the following order of preference

may be followed:

Only tubewells with safe drinking water may be used. ‘
Decp tubewells may be installed by avoiding shallow arsenic contaminated aquifers
to collect water of acceptable quality in (he arsenic aflected 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
maintcnance 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. Mimmum treatment would be required
initially. Other ponds would be provided for different purposes without treatment.
The protected ponds shall not reccive any surface discharges and should be
replenished by rain and ground water infiltration

Al least one Pond Sand Filter (PSI) should be instalfed in each village to provide
cooking and drinking water in the arsenic affected area. This may be done by a GO
or NGO but maintained by the community people.

Rainwater harvesting can be a source of waler supply for drinking and cooking
purposes. For this purpose, at least one rainwater harvesting reservoir should be
constructed in each village in the arsenic affected area by GO or NGO. The location
would be selceted in such place from where maximum people can cellect water from

it.

7.2.13 Recommendation-3: Providing Mcdical Care at Health Canters for Seriousty 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 agencics.

7.2.1.d Recommendation- 4: Providing Symptomatic Treatment :

The immediatc action for providing symptomatic treatment should be included and should be

taken care of skin problems. Serious problematic patients should be referred to health centers or

regional hospitals.
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72.1.5 Recommendation-5: Strengthening diagnaostic facilities at regional leve) :

Many cases of arsenic poisoning are easy to diagnose. In morc complicated cases, laboratory
facilities will need to be improved at the regional level to determine the arsenic levels in water as
well as human tissues. For this, funds need to be made available from international agcncies (2.2,
WHO, UNICEF, UNDP & the World Bank).

7.2.2  Long Term Measurcs ; .
72.2.1 Recommendation-6: Strengthening Inter-ministerial Co-ordination & Cooperation
A national apex committee should be formed (o strengthen national level inler-rministerial

coordination 1o address arsenic contamination of drinking water.

7.2.2.2 Recommendution-7: Estublishing National Database on Arsenic in Drinking
Water & Resulting Arsenic Toxicity : A
Document of the extent of the problem should be collected and all the requisite information

related to drinking water supply and health problems should be generated and should be

cvaluated (he data.

7.2.2.3 Recommendation-8: Reviewing Existing Arscnic Removal Technologies &
Evaluating their Eficiency :

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 probiem in context of Bangladesh. Tt is a great natural
and national calamity. This problem is concentrated in the rural areas where about 76% of the
people are living and where the tubewells supply waler from the shallow agquifers has been found
to be contaminated with arsenic. A number of institutions, universities, governmental and
nongovernmenial organizations and donor agencies including World Bank are working on
various aspects of arsenic contamination of ground water. Several projects have been undertaken
to understand the magnitude of the problem even in Kachua and to adopt mitigation measures
but it appears to be the beginming of addressing the problem nationwide. An extensive works
would be required to understand the sources. causes, occurrences and distribution of arsenic
contamination, health effect and health management, communication of health impact and finaily
development and implementation of safe water supply options in arsenic affccted areas. A close

coordination of all initiatives in resolving this gigantic problem is needed for effective and
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cfficient utihization of resources to atlain the common geals. Thus a coordinated plan is intended
to provide a basis for collaboration of the actors in the [ield and mobihize the efforts in the nght
direction even in vitlage level. Results of different studies in some areas in Bangladesh have
revealed that water from deep wells has not vet been contaminated with arsemic. But
groundwaler being a rechargeable resource, excessive withdrawal of groundwater from deep
aquifers may have adverse impacts both 1n the deep as well as the shal]c-nw aguifers. Bangladesh
is blessed with ground water resource but it 1 not unlimited due to the complex hydro-geological
conditions. The problem of contamination of ground water by arsenic or other toaic element is
gigantic and complex. Considering the water resources available on the surface and in the
sub-surface, it 15 recommended that people in the affected areas have to choose one of the four
options offered to pel arscnic free waler. The oplions are sinking of deep Lubcwells, the
excavation of wells, digeing new wells and installation of locally developed technology
including Pitcher Filter, Bucket Filter and 'Pond-Sand-Filter' on the bank of ponds. The PSFJ‘will

also purify pond water from baclena and other germs.

Large-scale treatment plants 1o remove arsenic from water will sustainable mitigation of arsenic
problem. All possible ways and means will have to be adopted to meet the immediate need to

supply safe drninking waler io the people in the afTected areas.

Kachua, being a remote rural sub-dhstnot, requires the assisence of (the government, the donor
agencies and the NGOs Lo mitigate the gigantic arsenic contamination problem. The locai people
are willing 1o work closely with the government and the NGOs. So, by sirengihening the local
governance and people’s pariicipation in the wvillage community and with the assistance of the
central government, this gipantic problem may he resolved with installation of the deep
tubewelis in the clustered and the linear villages along with local options. This will ensure & wista

of sustainable living environment in the village commumity.
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APPENDIX 01: SAMPLE QUESTIONNAIRE

Department of Urban and Regional Planning
Bangladesh University of Enginecring and Technology (BUET)
(Juestionnaire for
“A Study on Alternative Sources of Safe Drinking Water for Arsenic-aflected Areas m Kachua

Thana of Chandpur Disirict ™

(Questionnalre for Household Survey)

{¥or Research Purpose only) .

1. Information about the Household/Family

.1  Name of the village:

1.2 Name of the Mauza

1.} Name of the Household Head:

1.4 Typeof Family : (i) Siagle (n) Combined {iit) Others (1v) No response

1.5 Religion : (1) Muslim () Hindu {111} Chostan (v) Buddiust (v) No response

[.6 Sectting in this village : (1} Since grand father's time (1) Since father’s time (11} Since own
time (How long, --—-------- Year) (v No response

1,7 Detail information about each of the member of the household

Members Head | 2 | 3 | 4 | & 7809101132
Age '
Sex ] i i
Education
Occupation Prmary '! ] ]
Secondary I i (

Code: Sex : 1. Male2 Female

Educatien : 1 Illiterate 2. Pnmary 3.Secondary 4 88C 5 HSC 6.Graduate 7. Masicrs 8 Others

Occupation 1, Farmer 2 Day labourer 3. Richsaw/Van pullar 4. Push can dnver 5. Household
worker 6 Mason 7 Service (Gov) 8 Service (Pnivate) 9. Businessman 10.Student

11. Unemploved 12, House wife 13, (Hhers.

1.8 House held Income (per month}) :
T Takadonth
Children/Wife; ----=emerce————-—— TakaMonth
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1.9 Household Expenditare {Per Month) [please include all expenses Like foed, housing,
clothing, utihty service charge, medical, education cic.]
Family (Total). Taka/Menth.

2, INFORMATION ABOUT WATER SUPPLY.

21 We would like to know how are vou using difTerent sources of water for differen

purposes? {Please use tick only)

Sources of water supply ;{;L?n';npk::ﬁ:e F;rwc:lia::;:.;g;:?[t}l;i;;g | For all purpose
1. Tubewell

2. Pond

3. Well

4, River

5. Canal I

6. Others (Specify)

22 Do you pay for availing water from tubewelis? i Yes O No O
2.3 If yes, what is Lthe monthly cost you have 10 pay? |In case of daily payment and or charges
based on use quantity of water, please calculate on 2 month basis]

i. { have to pay {monthly) Taka 11. Others {Specify)

To whom you have to pay for drinking water? i. Owners of the tubewell O i NGO O
iii, GO O iv. Other ---------

24 Do you get sufficient supply of water from this tubewell? 1 Yes O H. No O
If no, from where you have Lo collect water? 1. Pond O ii. Tubewelt O il River O
wv. Canal O v, Others ------------
If no, do you have to buy/pay to meet your waler requirement? i. Yes O 1. No [

If yes, what are (he cxtra amount you spend for your additional water requirement per

month? Cost of additional Requrement Taka.

2.5  What is the pumber of users (family/person} per water source?

i, Number at present ii Don't know O
2.6 Do you get sufficient water supply from these water sources both at dry season and wet
season? i, Ger sufficient water supply in all the seasons O ii. Get sufficient water supply n

wet season but do not get in dry season O iii. Get sufficient water supply in all the seasons.
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2.7 If you get sufficient water in wet season or do not get sufficient waler supply in all the
seasons, what are the allernative sources of water supply on those periods? From i. Pond U
it. Well O iii. River O iv. Canal O v. Depend on fate O vi. Others (Specify) --—-----

2.8 Do you avail tubewell water for drinking or other purposes? i. Yes O u. No O
If yes, what is the present condition of the water sources? ii Arsenic affected O ii Not
arsemc affected O

29. 1f arsemc aflected, then is the tubewe!l running? 1. Yes O ii. No O

2.10 When arsenic is detected in the ubewell water [irst? —-----em—m-- VEArs ago.

2.11 How have you informed about the presence of arsenic in the bewell water firsi?

O By GO/NGO's water test
O By the symptoms of arsenic affect in the body of the users

O Others (specify)
2.12 Is any body of your family member ersemc affected? i Yes OO 31 No O
If Yes,
Persons Suffering
affected Types of sufferings from the
date
1.
2.
3
4,
5

2.13 Did they take ireatment? i. Yes 011 No [
if yes, who gave them treatment? O Local Doctors, OO NGO, O Others

2.14 Due to arsenic affect, he/she O Worling normally O can not work O does not get work
O socially neglected.

2.15 Has any body of your family member died duc to arsenic affect? 1. Yes O ii. No O

2.16 Who has tested wbewel} water of your village? 03 GO O NGO O Self O None

2.17 When it is tested? In the year ~————-——- Month -~-—-------

2.18 Was the tubewell marked? i Yes O ii Ne O

2.19 If ves, are vou using waler from this tubewell? i Yes O ii. No O

2.20 f yes, for what purpose? O Drninking and Cooking O] Bathing 00 Washing clothes O Others

2.21 If no, who edvised you not to drink comaminated water? 0 GO 0O NGO O None

222 Do you get arsenic- free water? i. Yes 0 n, No O ..
If yes, who supply you arsenic free water? 0 GO 0 NGO O None .
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2.23 Do you have water filtering instrument? 1. Yes O ii. No O
If yes, who provide you this instrument? 0 GO O NGO O None

2.24 Did yowany member of your family get health service faciliies? i, Yes O ii. No O
If yes, who helped? O GO T NGO O Local Doctor O None

225 Are you advised to use alternative sources of safe drinking water? i. Yes O 1. No O
If yes, who told you? ? 0 GO O NGO O None

2.26 What are the exiting alternative sources of safe drinking water in your village?

Sources No ]
1.  Deep tubewell
2.  Pond
3.  Ring well
4.  River !
5. Canal
6. _Rain water harvesting B
7. Others ]

2.27 What are the conditions of existing sources of danking waler?

l_ Sources Y[i:nkabét;
I,  Tuhewell
2.  Deep tubewcl
3. Pond
4. Ring well
5. River
6. Cansl
7.  Rain water harvesting
8. Ohers

228 Relative dislance of the existing sources of drinking water from the house of the household:

Sources Distance in km.
1.  Tubewell
2.  Deep tubewell
3. Pond
4.  Ring well
5. River
6. Canal
7. Others B

2.29 Do you avail safe drinking water? i Yes 0 it. No O
2.30 If yes, what is the source? O Filtering, O Pond sand Filler O Deep tubewell O Pond

O well O River O Canal O Rain water Harvesting O Others (Specify)
2.31 Would vou have to pay for safc drinking water? +. Yes O i No O

2.32 If yes, how much money per month?
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2.33 To whom you pay? ——
2 34 1f no, who provide vou safe drinking water?

Type Name

NGO

2.35 How much water 15 nceded for your fammily per day”

Purpose Quantity Tk.
{Litter) (If applicable)
Drinking and cooking
Bathing and washing clothes
Other

2.36 Mention the duration of water stagnation In existing sources in your village

Sources Maonth
Tubewell
Deep tubewell
Pond
Well
River
Canal
Harvested Rain Water

Pl o | ol

2.37 Is there any method or technique to harvest rinwater during wet season 1n the village?
i. YesOii. No O
2.38 Do you harvest rainwater during wet season? i. Yes O i1 No O

2.39 1f yes, from when it is going on? From the year
2.40 How many days you can use as drinking waler of this harvested rminwater? ----—————-

2.41 How it is cosl to harvest rain water 1n a season? -- Tk

2.42 For whal purpose you are using harvesting rainwater? (Use priority ranking as described by

the respondent}
Rank Purpose
Drinking and cooking
Bathing
Washing cloths
Others

2.43 Who helped vou to exist the technique? 01 GO O NGO O None
2.44 Mention your roof material : 00 Pacca O Tin O Straw 0 Others
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2 45 Respondent’s perception of satisfaction of provided safe dnnking facilitics (Please use tick

mark on each item/vanable relevant to the level of satisfaction)

Ttems/Variable Satisfactory Acceptable

Unsatisfactory

i, Loacation of water source

1, Number of water source

fii.  Duration of watar stagnation in pond

iv,  (uality of pond water

v,  Cuality of water supply from tubewell

vi, Quality of tubewell water
vii. Accessibility of water from tubewefl
vili, _ Availability of safie drinking water

ix,  Water test by the GO/NGO

x.  Filtering system by the GO/NGO

A Pond Sand Filtering Svstem

wii.  Training/awaring system by the GONGO

xiii  Help (both serving & Financmg by the GOMNGO),
xiv  Cost for safe drinking water

xv.  Rainwater harvestmg system

vl Cost for Rainwater harvesting ;

2.46 Respendent’s perception of problems refated to safe dnnking water supply facilities (Use

priority ranking as describe by the respondent).

Problems Related to Water Supply Facilities

-,

Rank.

Location of water source is not sanisfactory

[No of water sources is not satisfactory

{Dryration of water stagnation i pond is short in time

Pand/well water is not pure

Safe drinking water is not available

Tuhewel] water 15 arsenic affected

[Water supply from wbewel] 15 insuificient

Water punfication system 15 not good

GOMNGO does not make awars the people

e ] e I BN I R 3

GONGO did not promote proper action for the remedy

11 [Water fillering system is costly

12 {Water filtering system is bevond capacity

13 |Raimvwarer harvesting system 1s not existed

2.47 Onher Comments Related to Water Supply

Thank you for your kind co-operation.

Mame of the Interviewer Diate
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APPENDIX ; 02 TABULAR PRESENTATION OF DATA

Tabel-1: Guide Line Values of Arsenic.

[ Countrics Omnantity of Arsenic in
per liter of water.

[European Countnes 01 mp.

Australia (007 mg.

Japan 01 mg.

Canada (25 me, f

USA” 05 my.

Bangladesh 05 mg

India 05 my ]

1.  This value was fixed in 1993, The earlier value was .05 mg/L.
2. The USA tries to change this value into 0.02 mg/L within the year 2002

Source ; Ahmed, 5 A, (2000, Arsenic, Dhaka.

Table-2 : Arsenic Statistics from the National Hydro-chemical Sarvey (2000).

Tubewell By Depth Number |% Tubewell | Avg. concentration (pg/l)
<15m 287 8 58
15-30m 1180 33 7h
Shallow tubewcll 30-60m 1258 36 56
60-90m 317 9 33
90-150m 165 5 45
150-200m 32 i 7
Deep tubowell 200m 295 8 3
Total | 3534 1 S5

Source: National Hydro-chemical Survey, 2000

Table-3 : Sex Composition of the Family Members of the Households.

| Sex Com position | Freguency 1 Percentage ]

Male 668 5780 |

Female 184 44,20
Total 1147 100 ‘i

Source: Field Survey, 2000,

AFPPENDIX : 02 TABULAR PRESENTATION OF DATA 111




Table-4 ; Educational $1atus of the Family Members of the Households.

Education Status Freguency Percentage
hiterate V5 15209
Primary 437 38.01
Secondary 267 23.28
S.5.C 118 10.29
H.S.C. 24 Y
Degree and Above 33 4.62
Others 14 122

Total } 1147 106

Source: Field Survey, 2000

Table-5 : Qccupation of the Household Head.

. Primary occupation Secondary occupation
Type of Occupation Frequency - Yo ]~"r|ec|uem:;b,rfl'r P%

Farmer 82 4 26 76,47
Day Labourer 4 2 2 5.88
Fouse hald Worker - - -
Service Holder (Privaic) 17 8 50 1 2.94
Service Holder (Govt ) 20 10 - -
Rusiness man 51 2550 4 1176
Studecnt 1 0 50 - -
Unemploved 6 3 - .
Others 19 0 50 2 558

Total 201 1{Hi 34 1(H)

Source' Field Survey, 2000.

Table-6 : Expenditure of the Household per Month (Tk.).

| Expense Per Month {Tk.) | Freguency | Percentage
r 0-1000 ' 1 50
1001-2000 g 4
2001-3000 ! 37 18 50
30014000 ;' 43 21 50
4001-5000 " 46 23
5000+ 63 32.50
Total | 200 100

Source’ Field Survey, 2000,
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Table-7 : Monthly Family Expenditurc of the Household (Tk).

) For Food [ For Clothing
Expenditure (Tk) Frequency Yo | Fregueney %a
0-1000 28 14 141 70.50
1001-2000 48 24 35 17.50
2001-3000 62 3 19 9 50
F 30014000 23 1150 | 3 1.50
4001-5000 19 9.50 | 1 | .50
5000+ 20 | 1000 | 1 50
| Total P 200 1 100 | 200 100

Source: Field Survey, 2000

Table-8 : Information about the Alternative Sources of Water in Case of Getting Ensufficient
Water at ali the Seasons from the Existing Sources.

Alternative Sources | Fregucncy | Percentage
Pond 69 80,23
Contaminated Tubewel] ] 1.16 !
Others 16 18.60

Total 86 00 |

Source: Feld Survey, 2000

Table-9 ; Information about the Condition of the Arsenic Affected Tubewell.

Condition of the arseni¢ Frequency Percentage
affected Tubewell
Runming 182 91
Mot runming | 18 i G
Total | 2(Hi 100

Source Field Survey, 2000

Table-10 : Information about the Time of Detection of Arsenic in the Tubewell Water [irst

Detection of arsenic in | Frequency | Percentage
Tubewell water before
the tume of
survey{April,2(00)
{One Month i 1 5 ]
Two Months ‘ 30 {5 \
Three Months 62 3] §
Four Months 27 135 |
Five Months 21 10 5 ]
Six Months 30 15
Above Six Months 29 14.5
Total 20 100

Source: Field Survey, 2000
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Table-11 : Infermation about kow the People came t¢ know the presence of Arsenic in
Tubewcll Water first.

Sources of information about the Freguency Percentage
presence of arsenic in Tubewell
By GO’s water test 4% 24.50
By NGO’s water test 150 73
By Self Water test 1 50
Total 200 1

Source: Field Survey, 2000.

Table-12 : Information about the Treatment Condition of the Arsenic AfTected People.

! Treamtment Condition Frequency | Percentage
i Tock Treatment 16 8

"Did nat take treatment 184 92

| Total 200 180

Source: Field Survey, 2000.

Table- 13 : Information about the Sources of Treatment facilities Availing by the Arsenic
Afected Patient.

Sources of treatment facilities availing | Frequency Percentage
by the arsenic affected paitient

Local Doctor’s i £1.54
NGO 5 38.46
Total 13 100

Source : Field Survey, 2000.

Table-14 : Infermation about Working Condition of the Arsenic Affected Patien.

} Working condition ] Freguency 1 Percentage
Working normally 10} 76.9

Can not work ] 7.7

Do not get work | 7.7
Socially neglected I 77

I| Total 13 100 [

Source; Figld Survey, 2000,
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Table-15 : Information about the death of the Family Member of the Houschold duee to

Arsenic Aflect.

Death condition due to Frequency Percenlage
arsenic affect
Duad 3 1.50
Not died 197 58,50
Total 200 1060

Source * Field Survey, 2000.

Table-16 : Information about the Advising Autharity not to Drink Contaminated Water.

Advising Authority | Frequency Percentage
GO's | 46 73
NGO's 148 74
Nong 6 3

Total p4 (1] 104}

Source: Field Survey, 2000.

Table-17 : Information about the Providing Authority of Safe Drinking Water.

Pm“g:?ﬂ‘ﬁg’ﬂ?ﬂff Safe Frequency Percentage
GO 139 69 50
NGO 49 24 50
Both GO & NGO il 3.50
Self I 50
Total 2 10

Source: Field Survey, 2000,

Table-18 : Tnfermation about the Quantity of Drinking Water Needed per Family per day

(Litter).
Quantity of Water Frequency Percentage
(in Liter)

0-20 37 18.50
21-40 43 21.50

41-60 39 19.50

6j - 80 29 14.50

81 - 100 26 13 i
100+ 26 13 f
Total 20 100

Source ; Field Survey, 2000.
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Table-19 : Information about Rainwater Harvesting Technique adopted/not adopted in the
Study Area.

Condition of Rainwater Frequency Percentage
Harvesting Technique
Adopted 36 18
Not Adopted 164 &2
Total 2(H) 100

Source - Field Survey, 2000,

Table-20 : Information about the Duratien of Use of time of Harvested Rainwater as
Drinking Water.

Duration of time of use of |

harvested rainwater as Frequeney | Percentage
drinking water (in month}
0-1 b 37.5
2-3 4 25
4-5 2 12.5
3+ 4 25
Total 16 106

Source: Field Survey. 2000,

Table-21 : Infermation about the Assisting Autherity to exist the Rainwater Ilarvesting
Technique. )

Assisting Authority to exist Frequeacy Percentage
the RWH Technique
GO 3 8.5
NGO 33 91.5
Total 36 160

Source - Field Survey, 2000.

Table-22 : Information about the Roof Material of the Household's Dooses.

Roof Material | Freguency Parentage |
Pacca 4 2
Tin 192 06
Straw 4 2
Total 200 100

Source: Field Survey, 2000,
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APPENDIX : 03 PHOTOGRAPHIC PRESENTATION

A. Photoaraphs of Existing Water Sources in the Study Aren

01. Pond : Unprotecied 0L Pordd : Proceored

3. Pond : Wrer cdiecting fram protecied pond 04, Tobewell : Water colleting from Tubewell
=1 beaide & Kacha Toilel
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B. Photographs of Tubewells as the Sources of Water in the Study Area

0%, Tabewel : Witer Test by an Expen

D& Tobewell : Arsemne Comentirated, Fed
Merked £ Abandoned

07. Tabewed : Arseric Comarminated. Red 08, A Typical Ilzpd Pemp Tubewell : A Source
Marked tant People Collecte it Witar of Safe Waner
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C-1. Photographs of Alternative Safe Water Sources in the Study Arca

1. Charrd Fliter

iI). Dpchiet FTher with \Wosden Frame 11 Dock Fiter with Stewl Frame
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C-2. Photopraphs of Alternative Safe Water Sources in the Study Area

14. Foud Sapd Flhter Comtirected by Graoeen Dank

16. A Active Raln Water Harvesting Rescrvelr

18 Rain Wter Harvesting Retervedr
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D. Photographs of Arsenic Affect on Health

17. llzrd Swriling in Hand (T yperiers o)

18 llard Sweiliog In Leg (Hyperieraiob)
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