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Abstract 

The severity of the problem of arsenic in groWldwater in Bangladesh is now well 
recognised. 97% of the population relies OIl groWld water for drinking and cooking 
purposes and it is es1imatcd that one third of the coun1ry may ~ arsenic in the 
subswface. This amount to many millions of people potentially at risk. 

The source of the arsenic is geological and due to the scdimentaly processes which lead to 
accumulation of arsenic and release to groundwater the level found in tubewen water are 
spatially variable-one wen may be highly contaminated whereas nearby another is not The 
severity of arsenic poising. or arsenicosis, also varies dependent on the length of exposure, 
the level of arsenic being ingested and the socio-economic status of the individual concern. 

BRAC, a non-govemmental organisation, in conjunction with DPHElUNICEF have begun 
efforts to assess and mitigate the arsenic problem in two thanas of Bangladesh - Sonargaon 
and Jhikorgacha. 

Tes1ing has SO far been canied out in two unions- Boiderbazar union of Sonargaon Thana 
and Godkhali union of Jhikorgacha Thana - 61% and 3S% of these weDs respectively were 
contaminated with arsenic above the Bangladesh standard ofO.OS m&'L 

Installation and assessment of safe water options has begun. The options being advoCated 
are: treatment of ground water with home based candle filters, treatment of surface water 
with Pond Sand Filter (pSF) : conection of RaiD Water Harvesters (RWH) and use of 
shallow groundwater through Dug wells. 

These options are being assessed on sewral criteria: initial and running costs; ease of 
implementation, nmning and maintenance; continuity of supply; susceptibility of 
bacteriological contamination and acceptability to the commUDity. 

All of these options haw their limitations and none are as easy as obtaining tubewen water 
directly, however, at present home based filter are proving most popular due to low cost, 
ease ofuse and acceptability. Continued manufacturing quality of these home based filter 
must be ensured and the lifetime of the candle assessed. 
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1. Introduction 

1.1 Background to the arsenic problem 

new 1hrcat - arsenic contamination in ground water. It is estimated that OWl' half of the 

Bangladeshi population arc at risk of arscDic poising. Since 97% of the population relics on 

groundwater for drinkiDg purposes, nearly CVCJYone Jiving in affected areas is at risk of 

arsenic poisoniDg. 

The degree of toxicity of arsenic depends on its chemical form and speciation. Arsenic may 

be organic or inorganic. Humans arc exposed to ancnic mainly through ingestion and 

inhalation. The World Health Organization (WHO) has recen1ly re\'ised its original 

guideJine value for arsenic in drinking water of O.OSmgIl (WHO, 1984) to a provisional 

guideline value 0.01 mgIL (WHO, 1993). The BangladcIh govmanent level is O.OS mgIl 

(DoE, 1991). Water with high levels of arsenic leads to the devdopmcnt of health 

problema, such as melanosis, lenko-melanosis, hypcrlceratoIia black foot disease, 

cardiovascular disease, hepatomegaly, neuropathy and cancer. Arsenic accumulatcs in the 

li\Ia', lddney, heart and lungs. It is also deposited in bones, teeth and hair (Khan, 1997). 

The toxicity of arsenic depends on the chemical and phyBical forms of compound, the 

route by which it enters the body, the dose and 1I1e duraUon of exposure, dietary 

composi1ions of interacting c1cmcn1B and the age and sex of the cxposed individuals. 

For manifestation in a penon's body the symptoms of ancnic toxicity may take 8CYCI'aI 

yean after the star1iDg date of drinkiDg arsenic contaminatcci water. ThiI period diffcn 

from person to penon, dcpcodiog on the quami1y and volume of arsenic inptcd, 

nutritional status of the pcnon, immunity lew! of the individual and the total. time period of 

arsenic ingcsQon. The hazards of arsenic toxicity arc aegravated by malnutrition and poor 

socio-economic conditioDa. Although arsenicosis is not an infectious, contagious or 

hercditaly disease, arsenic toxicity creates many social problems for the vic1ima and their 

families (Khan & Ahmad, 1997). 4 0 
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The source of arscok in drinking water is geological. Arsenic is naturally occurring in the 

sediments bolUld to amorphous iron oxyhydroxide. Due to the s1rongly reducing nature of 

Bangladcm groundwater this compound is broken down and arsenic is released to 

groundwater (Ntckson et II, 1998). 

There arc awr four miDion hand tubcweDs in Bangladesh but this number was only 

185,000 in 1971. It has been estimated that capacity of a hand tubcweU is about 181itre per 

minute and maximum wmtiDg hours per day is six from momiDg to eWDiDg. The number 

of inigation weDs was about a few hundred in 1971 but this number is now more than one 

hlUldred thousand. Capacity of a iniga1ion wen is about 1700 li1rc per minute and this type 

of pumps usually works rolUld the clock particularly during dry season (Februaly- May). 

Approximately 25% water of hand tubcwcDs tested by the government to date in the 

apparently anemc affected areas Ila'w shown the presence of anemc. ArscDic 

contaminatifJD. has been detected mainly in grolUldwater from the shallow aquifer (less than 

SO meters deep). Now the main cballcDgc is how to provide anemc free drinking water to 

the milIiooa of people at risk. 

Many orgmrizations haw implemented different arsenic programs, most of which have 

focused on testing tubcwen water for anemc. The Wodd' Bank is taking the lead in 

coordioabDg an integrated n:sponsc to the ancnic crisis and is supporting the GovcmmCDt 

of Bangladesh Arsenic MiDgation-Water Supply Project (BAMWSP). A key component of 

the BAMWSP will be 'the usc of conununity-based, demand driven projects, in which 

COD1JDU11i1}r members play an active role in choosing and implcmcntiDg solutions to the site­

specific problems of arsenic contamination, How~, the program is yet to be off. the 

grolUld. 
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1.2 Development of the project and purpose of this report 

BRAC is working in coDaboration with UNICEF IDPHE to actively involve communities in 

assessing and mi1igating the arsenic sdua1ion. BRAC bas a proven capacity for socio­

economic research, a strong iDstitutional network and cxpcricncc in training community 

members in testing tubcwcDs for arsenic. 

The next logical step is to involve communities in finding life sources of drinking water 

once arsenic bas been detected. This project promotes aItematM: sources of life drinking 

water (Rain water Itarwsting. treated surface water, and treated arsenic contaminated 

ground water). Attempt to devdop a mechanism for community involwmcnt in selection, 

financin& and maintenance of these systems arc in progrcsa. 

The original aims and objcc1iws of the 'Community Based Ancnic RCIpOIUIC' project 

agreed between UNICEFIDPHE and BRAC in September 1998 are detailed in the 

document cnDdcd 'BRAClDPHElUNICEF CoDabora1ion on Community-Based Arsenic 

Response - A Project Proposal'. This was the fint phase of coDaboration. That project 

has now developed into a second, larger scheme which is detailed in the document of June 

1999 entitled 'Project Cooperation Agreement for Action Research on Community Based 

Arsenic Mitigation between UNICEF and BRAC'. 

This is an interim report for the 'Action Research on Community Based Arsenic 

Mdigation' project developed in June 1999. It wiD cowr the original RSUItB oftcs1ing from 

two unions only, the mIOUl'CC mapa and viDagc mcc1iDgs and the iDstaDation, monitoring 

and evahWion of opbons. As tcstiDg was stopped from early August 1999 to early 

October 1999 due to tcchnical problems with the field kit there arc fUrther tcs1ing results to 

be obtained. These wiD be reported in the final project report aloDg with further rcsults 

and evaluation of the safe water options. 
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1.3 Project objectives 

The objectives of the action research project were: 

1. To determine the extent of at1ICDic contamination in all 1Ubcwen water of the project 

area by-

• 1raining COIDIIlUDity members to test all tubcweDs usiDg field kits, and tnaI.X all tested 

tubcweDs (Rd if arsenic detected, otherwise green); 

• identifying arsenic affected patients in the project area. 

2. To dctcrminc the technical viability and effectiveness of different nritigahon options and 

to a88C88 their rclativc acceptance by viDagcn by -

• conducting a Participatoly Rapid Appraisal (PRA) to map resources in each of the 

project viJIagcs; 

• involving community members in selection and implementation of a source of 

arsenic-free drinking water; 

• installing and/or supplying dcmonstraUon units of different altcmatc safe water 

options in the project area; 

• monitoring operation and maintenance of aItcmatc driokiog water systems and 

continued promotion of safe water usc in the community; 

• monitoring quality of water supplied from different a1tcmativc sources for arsenic, 

colifmm and others. 

• interaction with the community and evaluation of their acceptance of different 

mitigation strategies 
~3 



1.4 Project areas 

Sonargaon thana of Narayanganj district and Jhikorgacha thana of Jesssorc district were 

selected for this action research study (Figure 1). Although both the thanas aR witbin the 

high arsenic contaminated zone in terms of physiography and manifestation of ancmicosis 

there are a lot of variations. 

Sonargaon is a low lying area and is flooded ewty year. People aR relatiwly wen off with 

lcss symptoms of arsenicosis. On the other hand, Jhikorgacha thana is flood free area and 

arc amongst the lowest rainfall receiving areas. Number of arsenic patients in this relatiwly 

poor thana is much higher than the Sonargaon area. 

For the initial project one union in each thanas was selected, but later it was decided to 

expand the progIamme into the entire thana. 

The main goal of the project was to install a1tcmativc safe water options in arsenic affected 

aRas. Priority was given to the villages where the arsenic problem was found to be acute. 

2. Testing of tubewell water for arsenic and identification of affected 
patients 

2.1 Testing methods used 

For the original testing in two unions field kits promoted by National Institute ofPrevmtive 

and Social Medicine (NIPSOM) in Dhaka were used for tes1ing. This kit costs Tk. 900 

(US $ 19) and can test up to 8S water samples. This user mendly kit is able to detect 

arsenic contamination as low as 0.01 mwL (Khan &; Ahmad, 1997). Different reagents 

arc used in the field kit procedure and the test is based on chemical reactions!. BRAe 

~.,... __ ...... c--aJy_. ___ (A.-Dl) ......... (A.-V). To ............ of..-ic is __ ....... 
i. redDcecI to ...... by .. ncIaciJrI ..... Poe..i1m Iodide (KJ) ... s.- a.laride (-I,). n. Aa-m i. dIeD reIICCed wid! ?me 
... HydrocIIlaric Acid (HCl) to procmc. ...... c ... A color c:t.e- .,.... Ii.,. ,.Uow to recIdWt browB (procIDced by .. ....a0ll 
of...uc ... wida.--y broaaidt pIIMI') iDdi ...... ...-of--ac is ........ 11» --.. of ...... ill .. __ ia iIIdicIacI 
by DO colcu ct.ap OIl .. broaD .. pIIMI'. 
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started using this kit in September 1997 when it started arsenic testing programme in the 

tubewen water. Till now, BRAe tested more than 2S,000 tubcweU water (aU tubcweUs of 

Hajiganj thalia, aU tubcweDs of BRAe offices and all tubcwcB instaJled by DPHEduring 

the year 1997-98). In Hajiganj thana we tested about 12,000 tubeweDs with the NIPSOM 

kit ofwbich 92% of the field result were confirmed by the laboratory auaJ:ysis (Chowdhwy 

and Jakariya, 1999). 

2.2 Training of personnel for arsenic testing 

BRAe Community Health Workers from different viDagcs were trained at local BRAe 

offices in health effects of arsenic, patient identifica1ion, arsenic tes1ing and a1tematc 

sources. A two day training course was organized for the village health workers and the 

training was conducted by the environment group of BRAe. An hand tubcwcDs in the 

viDagca were tested and painted by the VHWs, who also examined the villagers initially for 

symptoms of arsenic poisoning. Scvcral village meetings were held with a cross section of 

villagers along with VHWs, and a Participatory Rapid Appraisal (PRA) conducted on the 

purpose of the project 

The village health workers (VHW) carried out the testing program both at GodkhaIi and 

Baiddcrbazar unions using field kim. VHWs arc iDitcratc women who had cartier been 

trained by BRAe to 1rcat selected common iIIncsscs in the village (Chowdhwy et al. 1997). 

They were given two day training on usc of the field kit A total of 1,190 tubcweUs were 

tested in one union of Souargaon thana and 213S tubcwcDs were tested in one union of 

.Jhikarhacha thana. It took about 1 S days to complete the testing and painting the tubcweU 

spouts in both unions. 

2.3 Identification of affected patients 

Village health workers were also given an initial idea how to detect ancnic affected 

patients. This initial screening of arscnicosis ~ done by the viIIagc health workers 
46 
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was later confinned by docton. A total of 23 patients in Baiddelbazar and 86 patients in 

Godkbali union were identified by the village health workers. 

The VHW's also took part in the social mobilization and awareness raising of the 

commWlity people about arsenic and alternate safe water options. 

2.4 Results 

The results of the arsenic testing and idcnti:ficaUon of affected paticntB in Boiddcrbazcr 

Wlion, Sonargaon thana and GodkhaIi union of Jbikargacha thana arc given in Tables 1 

and 2. 

Table 1: Test results at a glance 

Parameters 
Total tubcweDs 

Tubcwen painted red (=1>0.05 mWL) 

Tubewen painted green (<0.05 mgIL) 

Total % of red rnarlced tubcwetls 

Total % of green marlced tubcwcDs 

47 

.iiiiit...-,,_ba 
2135 

756 

1379 

35 

65 

:;... ... ,,8On 
1190 

729 

461 

61 
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Table 2: Detailed status of arsenic contamination in different tubewell water of 
Boidderbazer union, Sonargaon thana and Godkball union of Jhlkargacba 
thana 

SONARGOAN 

Nameoftbe Total No. No. of Red No. of % of Red No. of 
villages of TubeweUs Green Wells Patient 

Tested TW Tubewells Identified 
11> 62 41 19 66 2 
DlIigic" .... 11 8 2 72 0 

Nakatibhanaa 17 12 5 70 0 
SoDamoi 23 8 15 35 0 
J(l! 

I~U 3S 27 8 77 1 
Techpara 10 7 3 70 1 
Sarlcerbari 18 IS 3 83 0 
Basandardi 20 18 2 90 0 
B"·· ...... 12 11 1 92 0 LHII 

C"- L" 35 13 22 37 0 
N 5 2 3 40 0 
Satbbaiapara 100 71 26 1 1 
Mob .. 21 18 3 86 1 
Kh .... 36 33 3 92 1 
N . . 6 2 3 33 0 
v 2S 21 4 84 1 
Haria 173 83 89 48 8 
Chandrakirli 16 4 12 2S 1 

Ulubndi 22 IS 7 68 1 

Khaserkanda 2S 17 8 68 0 
Hamaadi 191 180 11 94 2 
Damadardi 218 82 136 38 2 
PanchabaU 6S 7 57 11 1 
GabtoJi 44 2S 19 S7 0 
Total 1190 720 461 23 
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JHlKARGACHA 

Name of the Total No. of No. of Red No. of Green 0/0 of No. of 
Villqes Tested Tubewells TubeweUs red Patients 

TubeweUs Wells Identifted 
F _L 1SO 18 132 12 
Jat1 108 49 59 45 42 
Sardarpara 63 34 29 54 
Babupara 52 52 0 100 17 
Ma1huapara 79 70 9 89 
B 224 92 132 41 
Hajcrali 146 33 113 22.6 
BamlDaIi 183 78 lOS 42.6 
~ 

-~- 56 16 40 28.5 
Mo1hbari 132 51 81 39 
Bodhkhana 378 47 331 12 
Bcncali 249 95 154 38 
Po 161 34 127 21 
1\, LA 90 81 9 90 27 
SadiraJi 64 6 58 9.4 
Totals 2135 756 1379 86 

2.5 Discussion 

It can be seen from Tables 1 and 2 that in Boiddcrbazcr union, Sonargaon thana roughly 

two thirds of the tested tubeweDs were f01md to be contaminated with arsenic above the 

acceptable limit of 0.05 mwL and in GodkbaIi union of Jhikargacha this figure was roughly 

one third. This clearly indicates that the situation is quite alarming in both the places. 

3. Village Meetings and Resource Mapping 

3.1 Village Meetings 

It bas been proved that sustainable development can not be achieved without inwlving 

community people in any pJaDning or development process. In this projcct usuaDy several 

village meetings arc held in each village to inf'onn IDd involve community people. These 

are as follows: 
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1. Just after completing the tubcwen testing to infOlll1 the viDagcn about arsenic and the 

testing results of that village. 

At this meeting the potcnDal safe water options arc also discussed. The fonowing topics 

arc cowrcd: different alternative safe water options and 1hcir merits and demerits, 

approximate cost and methods of operation and maintenance of these safe water options 

and possible demonstration site for the chosen altcrnaaiw safe water options. The villagcn 

express their opinions about the possibilities and express acceptance or rejection. 

Taldng into account the opinions of the villagers BRAC proceed with demonstration of 

different a1tcmativc safe water options, with no cost to the community at the initial stage. 

The community decide where the system would best be located, and commit to maintaining 

it. 

2. The second meeting occurs at the time of cons1nJcbon or disttibution of the alternative 

safe water options in order to motivate vi11agcn about the option as wen as to involve 

them in the process of obtaining safe water. 

3. The final meeting is after constructing the a1temaDve safe water options to infOlll1 

about the monitoring. operation and maintenance and again to raise awareness level of 

. the villagcn about their altcmatives. 

3.2 Resource Mapping 

Making a n:IOUI"CC map of a village is an important tool for development projects. In this 

project the resource map is drawn by the BRAC supervisor in CODIUltation with the 

villagers. Usually this resource map gives an idea of the resources available in the village 

and their locations re~ to other important landmarks. In particular this is useful to give 

an idea of the water resources of the area to aid in selection a1temative safe water options, 

and as wen as to indicate arsenic free wen locatious. Examples of the resource maps can 

be seen in Appendix 1. 
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4. Safe Water Options 

4.1 Introduction to safe water options 

This action research project is unique in nature because at present very little knowledge is 

available OIl the different a1tcmatc safe water options. One of the objectives of the pilot 

project was to assess the technical viability as wen as the effectiveness of different a1tcmate 

safe water options and to discover the conunuoity acceptance of different options. The 

fonowing altematc safe water options were selected for this project: 

• Rain water harvesting (R. WH) 

• Pond sand filter (pSF) 

• Safi filter 

• DugweD 

All of these altcmativc safe water options are not feasible for ewry place or for ewry class 

of people in society. Therefore, it is required to evaluate the viability, effectiveness and the 

acceptance of different options. 

4.2 Training on Construction 

For the constructed options (ie. PSF and RWH) a two day training on construction 

methods foBowcd by a practical dcmODJtration of each of the alt.ema1iw safe water options 

was organized for local masons. This training was conducted by the DPHE masons who 

have extcDsiw experience in cons1nJcting these type of s1nJctUrcs particularly in the coastal 

regions of Bangladesh. The other intention of involving local masons in the training and 

construction process was to build local capacity so that viDagcrs can use their skiDs to 

continue construction of safe watcf options in future. The whole construction process was 

guided and overseen by the teclmical advisor and BRAe engineer. 
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At the time of implementing the altcma1iw safe water options DPHE and UNICEF were 

duly consulted to u1ilizc their long experience in this particular sector. 

4.3 Rain water harvesting (RWH) 

4.3.1 Design of system 

Bangladesh receives abundant rainfall throughout the year, mean annual precipitation 

ranges from 1,400 !DIll (about SS inches) along the coun1Jy's cast ccn1ral border to more 

than S,OOO mm (200 inches) in the far north-cast. The wet months are :from mid J1.U1e to 

late Sept.cmber and the dry period is :from January to April. About 80% of the annual 

precipitation OCCW'S in the monsoon period (Fig : 2). 

A family of six in Bangladesh needs about 30 Ji1res per day of hygicnicaDy safe water for 

drinking, and food preparation. A 3O-day city period requires approximately 1,000 litres of 

stored water. Therefore, a 3200 liter container would be enough for two families. The cost 

of cons1ructing such rainwater harvesting technique is about Tk. 9,600. Water from 

tubeweDs that are not necessarily arsenic :free can be used for other purposes such as 

badtin& washing clothes and other domestic purposes. 

Rainfall patterns mould be confinncd with local conununi1:ies to ascertain the feasibility of 

R WH, and aJternat:M:s and parallel use of other options considcrcd before consbUcting 

RWHjars. 

Rainwater harvesting is in usc in many parts of the world. There is a long established 

tradition of rainwater coDection in some parts of Alaska and Hawaii. City of Aus1in, Texas 

offers rebate for using rainwater for some household WJCI'8. The island of Gibraltar bas one 

of the largest rainwater coDection systems in existence. Rainwater harvesting is also popular 

in Kenya, South Africa, Botswana, Tannnia, Sri Lanka, Th3l1and (Daily Star, 24 Sep. 

1999). 
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4.3.1 Technic:al details 

Rain water barvcstcn arc constructed using prc-cast concrete blocb. These arc set on a 

concrete base in a cylindrical arrangement and tied together with wire. The inner and outer 

surfaces arc then covered with cement. Water is channeled from coUcction pipes on the 

roof into the R WH through a fimnc1 with a mesh filter. The R WH is cowrcd with a lid. 

This design can hold 3200 Ii1rcs of rainwater. 

The cost of con.s1ructing one R WH including the material, carrying and labolU' cost is about 

Tk. 9,600 and it takes about seven days to complete the whole cons1ruction process. After 

completing the cons1ruction the potential users arc advised to fiB the taDk with rain water 

and not to usc the water for at least seven days. At the end of the seven days they arc also 

advised to wash the inside of the tank and add Yl kg. of bleaching powder to disinfect the 

tank. At the same time the caretaker of the rain water harvester is given training on the 

operation and maintenance of the system. 

The first rainwater collected may cany with significant am01mts of contaminant (debris, 

dirt, dust) which have accmnuJatcd on the roof and in the gutters. It is therefore 

recommended not to collect rainwater for the first SIlO minutes after starting the rain. The 

quality of the coUected water can be improved by the proper maintenance of the roof and 

4.3.3 Monitoring 

Monitoring the water quality for bacteria and others is an important component of the 

action n:scarch project Analysis was done for total colifonn bacteria to assess the standard 

of the R WH water for drinking. 

Tests of RWH water some time showed high levels of total colifonn bacteria. As these 
levels have always returned to normal in subsequent monitoring we asswne that these high 
resul1I arc erroneous or reficct contamination during sampling. 
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Table 3: MONITORING OF RAIN WATER HARVESTER (June- September 1999) 
L-adMfIl o.ee~ Teal C ...... BIIdIrIII 

RWIb s.mpIe J'_ hIy AIIpIt September 

C~ 

DIGBlCllAlmPVJl 

11& __ 

%70 10 0 · 2M __ 

• 0 · · 3ft __ 

• U 0 0 --- 1. • · · 
IIAIUA 

11& __ 

130 0 lID .... · 2M __ 

- 0 lID .... · 3ft __ 

0 1200 0 0 --- 0 0 0 · 
KBONG&.\Dl 

11& __ 

-'40 130 0 · 2M __ 

0 4 · · 3ft __ 

70 0 0 0 --- 130 0 · · 
RAMGOl'U 11& ... 120 · lID .... 

2M __ 

0 0 lID .... 

3ft ... 0 100 0 --- · 0 0 

IIAIIIADI 
11& __ 

30 3 0 · 2M __ 
0 0 0 · 3ft __ 
0 3Z 0 0 --- 30 4 0 · 

IlASANDAltDI 
11& __ 

· 6 0 · 2M __ 
· 0 0 · 3ft __ 
0 0 0 0 -... 60 0 0 · 

1IOIlARtlD'Ull 
11& __ 

· 113 0 · 2M __ 

· %7 0 · 3ft __ 

· 1000 0 0 --- 1" 0 0 · 
DLUIAIlGAON 

11& __ 

· 0 0 · 2M __ 

· · 1 · 3ft __ 

· 4 0 0 --- · 0 0 · 
SARDRBAJU 11& ... · 9 0 · 

2M ... · · 0 · 3ft __ 

· 0 0 · --- 90 0 0 · 
TJ:CPAIlA 

11& __ 

· · 0 · 2M __ 
· · 1. · 3ft __ 

· · 0 0 -... · 0 0 · 
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There haw been conccma that rainwater may pick up unhealthy substances whilst faDing 

through the atmosphere, whilst numing down a roof or whilst resting into a store. The 

danger from the first of these, namely atmospheric pobon, seem slight. Measurements of 

precipitation even in indus1riaJizcd areas indicate a fairly low take-up of heavy metals from 

the air and whoUy tolerable levels of acidity; however no doubt it is wise not to harwst the 

rainwater of the first 5/10 minutes. 

4.3.4 Problems and constraints 

From the statistics given at the start of this section it can be seen that in Bangladesh there is 

good potential for coJlec1ing rainwater. However, due to the seasonal distnbution of this 

rainfall a large amolDlt of storage is rcqu...~ to make this a year rolDld option. 

Experience gained so far indicates that beyond the wet seasons storage of rainwater is not 

economically feasible at family level because of its construction cost This leaves two 

options: smaller, cheaper R WH for usc of rainwater only during wet season with a nced for 

another option during the rest of the year; or a communal approach to concet large 

amolDlts of rainwater for year rolDld usc. BRAC have attempted to develop the first 

option, and also some ideas are given here about the second. 

The present DPHE model which BRAC are constructing costs about 10,000 n. to contain 

3 200 litrcs of water. It has been observed that although people are happy with the quality 

of water but the cost is too prohibitiw for it to spread locally and the water only lasts for a 

limited period (i.e. not long enough to cover the fun <by period). Considering this 

constraint in mind a new system (BRAC model) of conecting rain water has been 

introduced which was fO\Dld to be cheaper and can be cons1nJcted with locally available 

materials. Tcclmica1 details of the new developed system is as fonows: 

• Concrete basement (3 inches thick) 

• 5 sanitary rings 

• One slab which is uscd to cover the top of the system 
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• Funnel Gutter and collce1iog pipes 

The capacity of this 'BRAe model' is about 515 Ii1rcs and its costs about 1750 Tk. 

Jnstallation of a tubewell costs around 2000 Tk. so this is comparable and within reach of 

the viJlagers. The storage of this design is low, however, it will pro~de safe water for the 

raUty season for a number of families and there is potential to add more units in series to 

increase the capacity. Using the Safi filter might be a good option for this period and 

fonowing this process the life of the Safi filter will be longer. 

An interesting idea for new houses is a rain water storage tank built into the basement of 

the house. The water is collected from the roof of the house and channeled to a lined tank 

under the floor from where it can be rc1rieved wi1h a hand pump. This technology is 

currently in use in Japan (AAN report, 1999). 

In Bangladesh this may be fcastb1e through a communal approach. In such an approach 

large underground reservoirs for rain water, collected from school roofs or public build.ing1l 

could be constructed and water accessed at a public tubcwen. 

4.4 Pond sand filter (PSF) 

4A.1 Design of system 

Filtration is the process whereby water is purified by passing it through a porous material or 

media. In slow sand 1iJtration a bed of fine sand is used through which the water slowly 

percolates downward. The suspended matter present in the raw water is largely retained in 

the upper 0.5-2 cm. of the filter bed. This allows the filter to be cleaned by scrapping away 

the top layer of sand. The filter cleaning operation need not take more than one day, but 

after cleaning one or two more days arc required for the filter bed to again become fully 

effective. 
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In areas where saline intrusion has affected groundwater up to a depth of 1000 feet along 

the coastal belt in Bangladesh, the local popula1ion are dependent on surface water from 

dug ponds. However, the water from these ponds is unpotable without adequate treatment 

DPHE with funding from UNICEF have installed slow sand filtration units into which 

pond water is fed using a handpump. These uni1B are caned Pond Sand Filters (pSF). The 

use ofPSF technology to filter surface water is also considered appropdate for areas where 

groundwater is contaminated with arsenic. One pond sand filter can supply the daily 

requirement of pure water for about 40/50 families. 

At the beginning of the project two PSFs were constructed in Sonargaon thana. These two 

ponds were selected based on the following criteria: 

• Pond wiD not be used for :fish culture 

• Pond should be protected in all respects, e.g. free from over bank spill and domestic 

runoff etc. 

• Pond wiD not be used for cattle washing or other domestic purposes. 

• Pond should be perennial. 

• Finally, community pledge involwment in operation and maintenance of the pond and 

PSF. 

4.4.2 Technical details 

The PSF is a tank containing the bed of filter material. Water is pwnped into the PSF 

using a tubcwell head COlUlCCted to a pipe which intakes water from the pond At the 

bottom of the tank an underdrain system (the 'filter bottom') is placed to support the filter 

bed The bed is composed of fine sand, usually ungraded free from clay and loam, and 

with as little as possible organic matter in it The filter bed normally is 1.0-1.2 m thick, and 

the water to be treated stands to a depth of 1.0-1.5 m above the filter bed. The slow sand 

filter is provided with a number of influent and eftluent lines fitted with valves and control 

devices. These have the function of keeping both the raw water level and the filtration rate 
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constant The design in usc is based on the DPHElUNICEF 'Small Pond Sand Filter', 

(drawing no. PSF-02, December 1988) designed by Sohrab Baghcri (DPHE and UNICEF, 

1988-93). 

It takes about nine days to complete the construction of a normal pond sand filter (pSF). 

The cost for consttucting one normal PSF is about Tk. 31,000. 

As the project progressed it was noticed that the PSF was not whoDy effective. In order to 

facilitate removal of particulate matter and bacteria some design improvements have been 

made. 

First, a 'roughing filter' containing brick chips was added. This is an cx1ra chamber added 

onto the side of the PSF through which the water flows horizontally before entering the 

sand bed. 

Another innovation which is being tested as a pm-Ircatment before PSF filtration is 

addition of alum to the water fonowed by coagulation and settling. Small pieces of solid 

alum and brick chips arc contained in a fimnel under the tubewen spout. The water flows 

through this fimnel then flows into a sedimentation basin CODS1ructcd on the side of the 

PSF where coagulation and settling occurs. It then flows into 1hcnormal PSF system. 

The COD81rUction cost of a PSF with roughing filter or sedimentation basin is about n. 
41,000 and it takes about eleven days to construct these styles. 

A water management committee composed of potential uaen of the PSF was fonned for 

each of the CODSIructed PSF. They were given training on operation & maintenance of 

PSF. Their activities were monitored frequently by the project supervisors. 
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4.4.3 Monitoring 

A sample was conected weekly of both pond water and treated water to assess the 

effectiveness of the PSF. This sample was analyzed for Total coliform bactcriallOOml. 

The resul1B of this testing is shown in Table 4. Although the quality of this data appears to 

be rather variable in most cases it shows that both the constructed PSF's are able to 

remove the micro-orgaoisms. Despite the generally high rate of removal the results still 

exceed the WHO standard for coliform bacteria. Except for a fcw' cases both PSFs of 

Naka1ivanga and Satbbiapara categorized as Rd (>1000 count) which mean very high risk 

level of bacterial contamination. The term. ''risk'' indicates here potential danger to human 

health from water source. However, the applicability of the WHO guideline values for 

bacteriological water quality in developing countries is a subject of some debate (R.. Cash, 

pen. com. lW). 

Some of the resul1B are unusual (particularly for the Satbhaiapara) either suggesting that the 

sampling or analysis is poor, or that some bacteriological contamination is being introduced 

to the water inside the PSF. BRAC arc continuing to monitor this situation and if it is not 

proved that these units arc in an acceptable working condition they will be owrbauled. 

1 Pror-Rid.rd c ..... a.v.rd Scbool of Public HnIIh, US. 6 0 
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Table 4: MONITORING OF POND SAND FILTERS 

Date of NAKATIBHANGA SATBHAY APARA 
Sample Pond PSF 0/0 removal Pond PSF 0/0 removal 

collection Water Water ofcoUform Water Water ofcoUform 
bacteria bacteria 

JUNE 
20.4.99 - 33 - 140 -
3.5.99 250 40 84% 1350 125 91% 

4.5.99 26 12()()()() ? 7000 1000 86% 

6.5.99 14000 1000 93% 14000 18000 ? 

7.5.99 6000 3000 500,-b 30 7000 ? 

8.5.99 l00()0 1000 9()O,-b 120 4000 ? 

9.5.99 74000 15000 800,-b 66000 6000 91% 

10.5.99 2000 1000 500A, 25000 19000 24% 

JULy 

1.7.99 19000 400 98% 32000 5000 84% 

7.7.99 26000 420 98% 1000 6000 ? 

15.7.99 106000 5000 95% 7000 21000 ? 

21.7.99 29000 520 98% - - -
29.7.99 3000 450 85% 6000 3000 50% 

5.8.99 4000 94 98% 3000 2000 33% 
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4.4.4 Problems and constraints 

Surface water available in Bangladesh is highly turbid in both dry and wet seasons. In the 

dry season, there is excessive growth of algae in pond and Jake water. In the wet season, 

ram water drainage from the catchment area brings a lot of suspended sediment and makes 

the surface water highly turbid. Slow Sand Filters (SSF) do not wOlX properly for 

turbidities above 30 NfU. Pond Sand filters opcrabng on the principles of SSF in 

Bangladem require frequent washing for high turbidities. Bacteriological quality of filtered 

water often is also beyond the acceptable limit. Pre-treatment by horizontal roughing 

filtration or sedimentation with coagu1a1ion can reduce load on slow sand :filters. This 

reduction in load results in a longer operation time between washings as wen as better 

bacteriological quality of water. 

We also encountered problems identifying ponds which were not used for fish culture or 

other domestic purposes. For fish culture, fish farmers use aldrin/dieldrin, which are highly 

toxic, to kiD. predator fish before releasing fish fiy. They also put different chemical 

fer1ilizers, cow dung, mustard cake etc. into the pond as fish feed. These chemicals have 

long residual impacts and are dangerous both for human health and aquatic life. An attempt 

will be made to check the quality of surface water for chemical contamination in Matlab 

area where BRAe is planning to extend its arsenic mitigation progranune in collaboration 

with ICDDR,B. 

AvaiJability of large numbers of pCIclinial waterbodies was the strong point in favour of 

constructing PSF in the project areas. But the obstacle of this system was that many of 

the ponds are engaged for fish culture which, apart from the potential chemical impacts, 

makes people reluctant to reserve their pond for drinking water only. 
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4.5 Safi filter 

4.6.1 Design of system 

This household level filtra1ion device locally developed by Prof. SafiuDah (Jahangimagar 

University, Savar) works by filtcring arsenic out of contaminated water. Field tests with 

one of these uoits showed good removal capacity. Quality control and production capacity 

seem to be the main issues of concern with the fi1tcr. 

One small unit of Safi filter can filter approximately 40 titers of water per day. This should 

be more than sufficient for the needs for hygicnicaDy safe and arsenic free water of a 

family of six. Water that is not arsenic free can be used for bathin& la1m.dIy etc. The cost 

of such filter is Tk. 900. 

Previous 1imitcd field tests showed that the Safi filter bas good arsenic removal capacity. 

Waf« containing up to 0.2 mgIl of arsenic was filtered and tested negative on analysis with 

a NIPSOM field kit This removal rate bas to be tested further both in a laboratory and in a 

field setting. 

4.6.2 Construction details 

The Safi filter comprises two concrete buckets of different sizes, one of which is placed 

inside the other. The upper bucket is fiD.ed with tubeweD water which then flows through a 

'candle' and is collected in the lower bucket where it is stored. When nccdcd it is drawn 

off with a tap. 

The 'Safi filter' candle is prepared from a chemical mixture of laterite soil, ferric oxide, 

Manganese Di--oxidc, Aluminium Hydroxide, Mizoporoum silica. Due to this reason 

surface of the Safi filter becomes strong ionized and porous which helps trapping arsenic 

and other pathogens into the candle from the contaminated water. After two years of 

continuous use, the candle needs to be replaced with a new one. 
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4.5.3 Monitoring 

It is claimed by the inventor of the '8m filter' that it can remove both arsenic and 

pathogenic bacteria successfully. It was .also claimed that the life of the candle, which traps 

arsenic in it, is about two years although this depends on the initial concentration of arsenic 

in the groundwater. Therefore it is very important to monitor the effectiwncss of the 

candle on a regular basis. Accordingly a system was developed to monitor the arsenic 

removal capacity of the candle. The arsenic content of the source (i.e. tubewen) and the 

filtcrcd water were measured. It was observed that generally the filters could remove 

arsenic from the contaminated water succcssfuDy (table S). In a few cases arsenic was not 

removed to within the safe limit mainly because of a mechanical problem with the setting 

of the candles. This was later adjusted by rc-fixing the candles properly. 

The distribution date of each '8m filter' was recorded properly not only to monitor the 

removal efficiency of the candle but also to replace candles whenever needed. Disposal of 

these high arsenic contaminated candles is a big issue. Although the inventor of the filter 

claims that disposal of the candles into the normal environment would not create any 

problem but, before getting any strong scientific evidence BRAe would like to conect and 

dispose these candles properly into its own medical waste disposal site. 

It was also cJaimcd by the inventor that this candle can remove pathogens but the monthly 

water quality monitoring results from ICDDR,B laboratoIy were disappointing. None of 

the provided '8m filter' could provide bacteria free water (table S). PrcJimina1y 

investigation suggested that this bacteria grew in the second jar where the filtered water is 

stored. The people were advised to clean both of the compal1ments of the :6ltcr every 

week but many of them did not follow this advice. However, referring back to the point 

made about the applicability of imposing standards for bacteriological quality in Bangladesh 

drinking water, it was noted that none of the users complained about stomach upsets. 
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4.6.4 Problems and constraints 

Due to the social status which it confers people still like to obtain their water from their 

own tubewen. The Safi filter provides a means by which they can remove the arsenic and 

continue to use 1hia bacteriologically good quality water. The present cost of this filter is 

already comparatively cheap at Tk. 900, and with a new design which is being ~lopcd 

the price should be brought down to Tk. 500 or less. This will put the Safi filter within the 

affordable range of many rural households. 

The problems with this system are that it is occasionally subject to mechanical breakdown 

i.e. the filter casing is concrete and can break, or the candle may be defective or not 

secured properly thus aDowing some arsenic contaminated water to pass through. The first 

problem should be eliminated by a pJasUc model which BRAe have encouraged the 

inventor to develop. The second is a problem of quality control which can only be 

overcome by s1rengthctring of the manufacturing process. 

Another problem which is becoming apparent over time is the stability of the candles 

themselves. After use of several months the candles are showing drastically reduced 

filtration rates and erosion or in extreme cases disintigration of the candle. The fonowing 

table shoWl the problems experienced in Jbigorgacha thana. 
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Table 5: MONITORING OF SAFI FILTER (June - August, 1999) 

Loc:atIoa erI SaO F ...... Dmerl AI CIOIdIat erI AI c:em.t erI % eriAl ToDI 
SlImp" 1belWWater 1beftltend RemnaI coliform 

CoIIedIoa Utitb) Water (D.b) b ...... 
MADRAS, ULUKANDl 10.6.99 SOO 10 980.4 380 

ZO.7.99 !GO >10 98-.4 
30.7.99 outcrlar ..... - -
19.8.99 - 10 96% 
15.1.99 - - - 4000 

PERVIN, RAMGONJ 10.6.99 >1000 <SO 95% so 
19.6.99 !GO 50 90% 
ZO.7.99 lOG 10 93% 
30.7-" 3M 20 93% 3000 
19.1.99 III 18 93% 
15.1.99 - - - 7 

A YSHA. RAMGONJ 10.6.99 300 <10 97% 1000 
Z'.6.99 300 18 97% 
ZO.7.99 100 SO 75% 
30.7.99 100 50 75% 14 
19.1.99 >200 50 75% 
15.8.99 - - - 22 

SCHOOL, SATBHIAPARA 10.6.99 >AI 100 83% 10SO 
19.6.99 600 >10 98% --
20.7.99 300 20 93% 
30.7." 300 20 93% 2 
19 ... 99 300 >20 93% 
15.'.99 · · · .. 

SHAMMEN, HARIA 10.6.99 5SO · 
19.6.99 5SO so 91% 
ZO.7.99 SOO <so 90% 
30.7.99 400 <so 87% SOOO 

19 ... " 400 <so 87-.4 
15.1.99 · · · 19 

MADRASA, HAMSADI 10.6.99 BROKEN 
19.'-" 
10.7." 
30.7.99 

19 ... " - 10 970.4 
15.1.99 · · · 20 

EMBER, HAMSADI 10.6.99 no data 
19.6.99 · - · 
ZS.8.99 - · · 

SCHOOL, }{HONGSADI 10.6.99 · · Vacation 
19.6." 600 <SO 92% 
10.7.99 300 SO 83% 
30.7.99 300 100 670.4 1 
19..." 300 100 67% 

15 ... " · · · 3 
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Table 6: Problems with the Safl filters round in field level operation (Jhigorgaccba) : 

Type of problem Details Period of operation No.of1ilters 
with the 
problem 

Filtration rate Filtration rate is reduced drasticaBy. 5 and 2 months 32 
Although the candle is washed after 
every 2/3 days only 8-10 litre water 
is filtered per day. 
Although the candle is washed 2 months 2 
every day only one jug ofwater is 
filtered per day. 

Erosion of the Candle has been reduced in size Both 5 and 2 5 
candle due to erosion for washing even months 

with a cloth. 
Candle has become powdery after 2 months 1 
pouring water 
Candle bas been eroded and hole is 2 months 2 
created 

Candle not Candle is brobn at the base where 2montba 2 
properly attached it is attached with the internal 

container. 

Problem with the Leaking ofwatcrthrough the taps Both 2 and 5 2 
tap months 

Aperture of the tap is rwrow 2 months 1 
comparing with others which 
causes teduced flow rate ofwater 

Problem with the During using of the filter the lip has 2montbs 6 
container been broken offftom the internal 

container 
Total number of filters with problems 53 

The o1her main concern is the life of the candle and its disposal. With further monitoring 

of these candles it should become apparent for what length of time these filters remain 

effective for different concentrations of ancnic in the water. There is also some evidence 

from BRAe monitoring that the Sm filter may take sewral hoUl'll of fi11ration before it 

becomes effcctive and remows arsenic to an acceptable level This wiD. be monitoRd. 

Also it was noticed that sometimes the families compIaincd that the amount of water that 

the filter can provide was not enough. 
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4.6 Dug wells 

It is not long ago when rural people of Bangladesh used to get water from dug wells to 

meet their domestic and drinking water requirements. After the introduction of the hand 

tubewells in the early sixties the usc of dug weDs started becoming extinct If these dug 

weDs arc protected properly (i.e. lifting water by from dug weDs by a hand tubcweD, and by 

covering the top) stiR there is a chance to get arsenic free water of an acceptable 

bacteriological quality. 

To this end, an attempt was made in .Jbikargacba thana to dig weDs. These weDs were 

popular among villagers, but it was not possible to continue because of problems with 

construction in the rainy season. Although this first attempt was not successful, enthusiasm 

was observed among the villagers about the slightly modified design for dug weDs (lid and 

hand pump attached) system. It is expected that construction of dug wells will start again 

in OctoberlNovember when the rainy season is over. 

It is assumed that these dug weDs might not be always arsenic free so it is reconunendcd 

that these should be properly tested and monitored both for arsenic and bacterial count 

before use for drinking and cooking purposes. 

6. Treatment of Arsenic affected patients 

Spirulina, a microscopic blue green alga, rich in protein, vitamins (B 12 and A) and iron 

bas been used as an ideal survival food in recent years. It bas already been established 

through research that one kilogram of spinJlina is equivalent to 1000 kilogram of different 

vegetables and that the protein content of meat is about 35% but in spirulina it is 50-700,A,. 

It has also been reported by a group of medical doctors of the Post Graduate Medical 

Hospital that spiruIina table1B haw positive impact in retrieving the arsenic affected patients 

into normal life. To measure this, spiruJina tablet was distributed among 20 serious arsenic 
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patients and this distribution will continue for at least six months. AD of these 20 people arc 

getting arsenic free water, either from Safi filter or from deep tubcweDs installed by the 

Government. Another group of arsenic affected patients were given only 'Safi filters' to 

compare the effect of the Spirulina tablets. PrcJiminary results of this initiative indicated 

that many of them already started feeling better. 

6. Recovery of cost 

As part of this project BRAe bas investigated the possibilities of recovering money spent 

on the safe water options and developing systems for the people to :finance these options on 

their own. 

At this stage we have attempted mainly to demonstrate the potential of these alternative 

drinking water options and to develop ideas as to how they can be made more acceptable 

to the community. 

Awareness raising is impUcitIy linked to recovery of finances. Although people in the 

affected areas arc mostly aware of the arsenic problem gencraDy the awareness is s1illlow. 

Thus the problem is that people with limited finances are reluctant to spend money on 

something which they do not perceive to be a major problem. 

For the constructed options which require a large initial outlay (ie. PSF and RWH) it will 

be very difficult to convince people to spend money. These require a coordinated 

community approach which may be possible through a ccntraJ. financing body. In 

Jbikarhacha thana where one PSF was constructed, the owner of the land supported the 

carrying costs (Tk. 2,5(0) of the materials needed for construction. 

In the case of the Safi filter, where appropriate people could be asked to contribute towards 

it dependent on their financial status. The incentive for this is that the money rccovcred 

would be used to purchase more Safi filters to disllibutc to the poorer people. This system 
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is still in development, but seems to be effective. Also, people expressed their wish to 

pW'Chase these filters independently to the project and some shop keepers were interested 

in stocking them. 

7. On going activities 

Testing oftubewells with the Merck kit will be re-startcd in both tbanas in October 1999. 

Village meetings and resource mapping is ongoing. ConsUuetion and distribution of 

alternative safe water options is con1inuing as is monitoring of those already in place. 

An attempt has been made to meet all the local union parisbad representatives to infonn as 

wen as to involve them in the arsenic problem and this 'Will be done quickly. 

8. Conclusions and Recommendations 

From the results of the testing it can be seen that the arsenic problem in both tbanas is very 

serious. In Boidderbazcr union, Sonargaon thana roughly two thirds of the tested 

tubcwells were found to be contaminated with arsenic above the acceptable limit of O.OS 

mgIL and in Godkhali union of Jhikargacha this figure was roughly one third. The level of 

arsenic varies widely from wen to wen as does the manifestation of arsenicosis. The 

number of arsenic affected patients is bigbcr in Jbikargacha thana. This may be due to 

higher concentrations of arsenic in the wen water or the poor socio-economic status of the 

people of this area. 

Resource maps of the viD.agcs were prepared and show the nature of the available water 

sources. These were then used in consultation with the villagers to choose a1tcmative 

options for safe water supply. 

A nwnbcr of alternate safe water options are now in operation as demonstration units. The 

idea of constructing these demonstration units is to raise awareness level of the community 
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people about this alternate safe water option which, later will help in developing a system 

of involving community members in choosing, financing, and implementing safe water 

systems on their own. 

Alternative safe water which haw been implemented in the field arc: pond sand filters, rain 

water harvesters, Safi filters and dug weDs. These haw been assessed with reference to: 

initial and running costs, ease of implementation, requirement for maintenance or ongoing 

supervision, provision of an intermittent or continuous supply, susceptibility to 

bacteriological contamination and acceptability to the local community. The matrix below 

shows ratings of each of these factors rated on a scale of 1 to S. The maximum possible is 

40 and a higher rating is better. 

PSF RWH RWH Saft Dug 
(old) (new) Filter weD 

Initial Cost 1 2 4 5 3 

Running Costs 4 4 4 3 5 

Ease of implementation 1 1 3 5 3 

Maintenance required ? 4 4 4 1 4 

Monitoring required? 2 4 4 1 2 

Continuity of supply 4 2 1 S 3 

Susceptibility to 2 4 4 2 1 
bacteriological contamination 

Acceptability 1 1 3 S 3 

TOTAL 19 13 27 27 24 

It can be seen from this that an of the options have their limitations. At present the Safi 

filter is proving to be the best option for its ease of use, low cost and simplicity. If the Safi 

filter is to be spread nationally it will be necessaty to ensure that the quality is consistent, 

that there is a set life for the filter candle and that there is a system for replacing them. 
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The new design of rain water harvester shows potential as a cheap method for providing 

safe water for part of the year although it is limited by the capacity which it can contain. 

The old design of rain water harvester and the PSF are both thought to be too costly to be 

taken up locally. Dug weDs are yet to be properly evaluated but may prove cost effective 

and acceptable to the community. The limitation of dug weDs is likely to be that they may 

not always provide arsenic free water, and they have high susceptibility to bacteriological 

contamination. 

obtaining water from these altcmativc options is not as easy as obtaining water from a 

tubewen. A wen S1rUcturcd motivational programme, such as that rcsponslble for the 

success of converting 97% of population to tubewen water, is needed to change people's 

attitude and make these options popular. In general it was found that the people of 

Sonargaon thana were more reluctant to accept the assistance and interventions of BRAe. 

This may be due to the lower incidence of arsenicosis in Sonargaon thana, but it is also 

thought that perhaps due to the proximity to Dhaka city people are prouder, less humble 

and more independent 

In conclusion, as suspected, it is likely that multiple solutions will need to be adopted by the 

local people. In this program we are giving them ideas and teclmical aid which hopefully 

will be taken up locally to start to attack the arsenic problem. It goes without saying that 

arsenic mitigation activities in Bangladesh must continue for the foreseeable future and be 

taken to a larger scale wherewr possible. 

72 

32 



References 

Asia Anenic Network (1999). Arsenic Contamination of Groundwater in Bangladesh -
Interim Report of the Research at Samta Village, Bangladesh. 

Chowdhury et aI. (1997). Control of tuberculosis by conununity health workers in 
Bangladesh, The Lancct VoL 353., ppl003. 

Chowdhury, A.M.R. and Jakariya, M. (1999). Testing of water for arsenic in 
Bangladesh, Sciencc, VoL 284. 

Department of Environment, Bangladesh (1991). Environmental Water Quality 
Standards for Bangladesh. 

DPHE and UNICEF (1988-93). Water Supply and Sanitation Project Implementation 
Guideline and Specification for the Rural areas of the coastal Region. 

Khan, A. W. & Ahmad, SK.A. (1997). Arsenic in drinking water: Health effects and 
management A training manual. Department of Occupanonal and Public Health. 
National Institute of Preventive and Social Medicine (NIPSOM). Dhaka. 

Khan (1997). Arsenic contamination of groundwater in Bangladesh- cause, effect and 
remedy. Paper presented at the training course on : Arsenic problem and de­
arsination of water for use in Bangladesh. Organized by ITN, Bangladesh 
University ofEngincering and Technology (BUET), Bangladesh. 

Nickson, R. et aI. (1998) . .Arsenic poisoning of Bangladesh groundwater, Nature, Vol. 
395, pp. 338. 

WHO (1993) .Guidelines for drinking water quality, Geneva. 

WHO (1984) .Guidelines for drinking water quality, Geneva. 

Khalequzzaman M. 1999. Looking to heavens for safe water. The Daily Star. 24 
September 1999. 

73 

33 



.-\ppendix 1 

The following are examples of resource maps prepared in every viilage in consultation 
\vith the villagers, 

~, 
J-;"",,:,,-; 

J~ 

~ 
="' .::=. 

* 

:!. 
ro 
'~ ...,. 

\ ..,..' 

t -" 
-' 

• .:1 
- ,\ 

.:1,:l-.;l, 

i A A~ 
I 
I A 

I b. .to 
A A 

A 

" \ 
\ 
r 
I ' 
\: 

l: .:1 

\- ''-
,4 

'-I r 
I 
I 

RWl-!. 
~'losque 

Hous~ 

Green \~eils 
P",nri 
:;1l;"-:'e!1 

"\.. 

~ 
-d. 

'1.~ 

/Ii~ ... 

V:!!::l~-? : E :!r:a 
Cniun : ~oiderbaz:1i.· 

H:A-~ ,;. .----.-. -"--.- '.\(' 
~ .4,:- '-. 

...1.-:' -. ! 
.:1,4 ..::. 

'"' ( '\ 
I \ 

; 

1d 
\ 

'" .:1 Af.1 .:1 ; I 
A§A A A ..I A r \ 

.1 ~ I 

A /;7:: 
I- I 

- _ '" I 
4 A t- o! ..1 ..:- ,-, " \ 

J I I i \ .:1 " 4 - i"'" j 4 6*='" A c:::-:. ~ 
~ 

: :: , 
..1 ~ ..1 \ ~ / ~ 1 €l ~ A 

~ , - ... 
c. Q .I ..::. 

A ©l ;::; 

.:1 ..-:: ! ~ 
'T1 ; 

A A .1 ;;:1 \ 

A 
.! A .::. 

A , 

I 
..... - _ .... .-- ' ....,- ~..;lI'~~ --. ~ . ) 

SOli!!, 

3.(or~ ;0 :.'f!Mr.I \'1l]aceM :U'ell :o tnnao. :.unu "'a. ".u .. \'" 
~rom Ousr"f!lb • . U :.!lu :.1tne Ulere · ... "I'"e IOUUl .: .. uo .. , .... us 
:.c ~.h. '."ill:.l~ • . :':Iere It'll (out' ~onds ;.., :..h.i.~ , .. uhu~~s .U1\l :.!Of' 

!t.tnk J{ : .. he :1\/RtlS .;~U :'O ..... J.u "" IH"~ :: ... .,.. :..lL!":;~w;D :JIlt 
,unIU: U"& ,r".ltl'""V"·L. :Jun e "Iumu I.(e 'ue" :or ;:utu;'e 
:!sUwIi;. ~u ' rolr ' ~;il ~c~nlJ n l ~'t'~. ;s. , • . ' OI~,)U ' 0 . ...;.!l '.:.JI' 

:lrI!' o.!; .u\r .~lh "til )l"~ .- .. t~"~U,1t .ish :~I uu • . ust! ' ISl! :1511 ...nLl 

7 ~ ' :~~~~,~ ;~ .. ~·.:.I~~~~:~~) ;~:w ut~;:: :;~~: .·;~~~/~~~:t':~~!'; 
:l"..:a;,...;..,-.; ·.·,ou·r·. 



I~J'a 

~'j~ 
\. 

.(}z-' ·M'ol "'~h. -® 
Jwt 01) ( .' 0"(:<: -' _lth"l> -\l 

~u..+.~~-~~ -00 ® 

-PJe. -_LLv..t1'N1 -' @ 
-fY: -jl"J.(I,~ :4 -~. 

-fJ~ -~.-~ 
~J e -. I-j"M' '(j -' ~ 
~J 7) -_lr"'J.fu<l .. -

'1 Y 
v '7 

:())" ~~~: 11J~ 
'q v 

V'? 
y'i! 

'IT v 
\7 

0;;' 'Y 
'l7Q' 



,\ \~ 
,\~ 

~ ~ 

.;,i., :;(1 .~.o.; '"Jr> t/~(l~:' -r.III/, v,'y p,' pY)',r ~;~ (.y?~ 

.... ) .'1' - 1 ...... ) ::J :t:.?<'~ /,/ (~)w·-{) J;.,?,6 .-sI/)J/<,:; , 
, ' \ 

'~/..lI . (, .1 ,:'\ . ..., :)., ': ,; ~ . \ .i. 
.",,- \ 

-); , ,' t ",'-' ";;.) '~"U·)"'';'" J :c) (0 W 1'1, (,)7..' ;) <:6p 
)",' , ,- ,;'1' • <; 

'~ ( 'l "') "/! :. , ; ~;'J ',', '{"YI'oJ . .)..r ... ~ cYlJ 2?D~) I 

" t.,..·iY") ,,, '. '-I"' ·· ~ , 

. t; " ,~ :. 

'; 

; ~' :~mi ,;';(~;.:> P ~< ~-'-~'~< 



---.. 

~ 

~ 

~ 'r 
~ f 
;.. f 

If' 

A 

)1 
A ~ 1- -rt L>. 4. C. 

"-J, ~i A 

" b 61 A 4Zl~B .i; ~.tl 
~------------

Ii. 

z - ;> 

d~,-R 

"" ~I,;.jl- c.~-J I.;j r<lihr 
'.J ls'lil(J ::j - C.~C!fl~<l~· 
n tlr~l- - ~~1tl1;l :'JI~.w;r" 

r~ - R" I~ ,-, " ,iif\, 
fiJ - 5[~~ fi~if(_ ,1.f;rr: 

\"f:-I "I- t:FP?f" r~ I.::!-· '. -'1\ 

-""'-:"'') _ s.,t"'''f - ":1<;')fu 
L._·", \' 
d:\ .. S.~~rs:,'jIJ" !,~~; 

i'l ~m::)-Slc:."-j~ /-- <.(I01'1 r I 

)5. 
i, 

.1 
<:!: ~ 

<fT!~ 

* "~ ~o -J:$ '>I~ <.>j-f.! -<l'>.flr;l l"f'{r;r """'''' ~.~.", t-~~, 
~ " ~\' ~ " .. 

"#- "C:' " ,w . ~~.'1 I:,! !>\"<>~~ ~::r ~-yn-nl "~.:j\'" \ 
(",. 0. :..l\ ,. • .,' 

77 



:1/ ». t> ffj 
t. (l>-

I> 
/> ®' ~A 

I ~ 
1> ® p.. y;:.. 

G ~ v 
~ 

1> 
J>. ~ ~ 

J:. .A 
A ~~ 

;6.. A 
b. A § QJA 

..A ~@ I ' 

~~ A f:, A ' 
' \ "" 

A ~( I 'A 11-
~ P A 

/,\ -A />.j5 

.h. p. @ .6- 1> 
J\ A JS IA 

.l.7~ 
r:--. -- --------"" -----

~* It-r~ 

\~ , (f)l'f:!)":r~, 'j, ~ 

t.!.I' ''' (.J'i\'J'\~Y,', 
').) ,-1\ - ('lY,i~~ '>' .... -) 

,...... ('I.J !;. () -~t4 ' ,"' ,1)" 
" i't 0) 

':', '/ " R,W,I I , -:-:1'..',1'" 
~ ~ 't (, , 

(;t) - -Aj,2) ' ,', w, ., '5"~r'! 

V-~ .. l>fS; I~" i _ .H;rt5 '. 

G ' ,1!'1.~- n,f. ".f' • 

'" 6 ,- "Ai")';l'. - (1 (I I 'I 2 r;? (~I'(lr) 

/ A -*" ~O;)~""J4 ~r(<! ~~~ "'IYI'.r W"y;j ",~r>. I 

.¥; 'I, w, ' G'I'i~~"'0 D!~ .~"':ft ~ l~ ~"11 1."(':1 ~ ' I 

-*" '~lb ~"Sf(W I>f""qrr.n, ~ f?;7:r '?('pY I '"' 01"'\.·.. . ",, - . 
'" * \.'Y<l\~..;rX s..!'I'i) '(Xl9 ~-:rv -:;l,'>.l- I 

,~ :}:i'{~tl~~."rn; ~-a h ~"&l:;f~""'fY4 ~;:><\:) 
3:::rv' 'J."r I 

~ ') ' n 'N7"U 
{)l1 '~q ~n:t~ "'. ' ,-

< . 

"'/8 t.>:(~(:1 I 



6L (c~C)tvVafa~.~) -V<' "-~ 
1<; 

-§ ,'0 . y". 
< .. ;L .... <....""')\<. L'LI<' '* 

~~ 
\ .. J;' J-J'. r't) r J\:.I:1..\·,;;' At;,\vq 

-u'lJ:(i' 

~-CJ' ~(' -~~)~~1?J· 4-;'rs. -® 
l ,'c. 1'\.1:'';:' t...'-.::;'."'((;, t:.0'7 .91.~ ~l"jO-.)Z:. i~) EY-S.\ 

J"2 G..-JT'2J~ \J:,l>j _R.~ ~ (,~. 
~~J...~l:.t·."-~ '*' v V 

v ' ")"' .... -:> ' ' 
_~--"'')_'U-'iJ.J.J'<" t::.t,;. (.....q .. t<'-rv...Ct ~~. -;'f( 

, '/ . .' '-.'7' \:c, , \C. 

1. 0.-~ ''<:' \u: .. :t<.~\C' 1: J...J..J.<1 I::..JW-\~k £.1 'Jd:: 
iJ 

':.;-: \:'\ ..1
u(";j 1',,' .1_ ('J-0/'1::. }J:R'~ 0<·$e 7; 7/0):: 4' 

\ 
./~\.y 

~ 

f/ 
V1 

"I 
V Y 

V 

§. 

--J'w-"-l 

V 

V 

V' 

Y 

..rw:r Ql><" -00 ~ -....r~ -\J 

<», --,~~ -, e 
(~yc: -'I\'M'~ -@. 

j~~<'''lY( -:..,J-tt 
~~ ~Us\, -~~Ln; 

, .lB&l}:--: ~~ 

, 
9'"' 

'Y 
y 

v 

V' 

~ 
f 

'i7 \"Y' ___ 

'4' ~ y /......... ________ 

® 
V 

V' \7 V 

y-~ \;f CO' /'~ / 
v v /,~ / 

v "it ® v~ /~~ /17-

V ~ / 
17VVV v/' /v 
-----.----......----.---/ 

------ IP----:'1--V--V----y ~ v 
~~ YI li" }7 

--

~ 

rv-V 
V V-~ 

V)7 
IT 

~ 


	a - 0001
	a - 0002
	a - 0003
	a - 0004
	a - 0005
	a - 0006
	a - 0007
	a - 0008
	a - 0009
	a - 0010
	a - 0011
	a - 0012
	a - 0013
	a - 0014
	a - 0015
	a - 0016
	a - 0017
	a - 0018
	a - 0019
	a - 0020
	a - 0021
	a - 0022
	a - 0023
	a - 0024
	a - 0025
	a - 0026
	a - 0027
	a - 0028
	a - 0029
	a - 0030
	a - 0031
	a - 0032
	a - 0033
	a - 0034
	a - 0035
	a - 0036
	a - 0037
	a - 0038
	a - 0039
	a - 0040
	a - 0041
	a - 0042
	a - 0043
	a - 0044
	a - 0045
	a - 0046
	a - 0047
	a - 0048
	a - 0049
	a - 0050
	a - 0051
	a - 0052
	a - 0053
	a - 0054
	a - 0055
	a - 0056
	a - 0057
	a - 0058
	a - 0059
	a - 0060
	a - 0061
	a - 0062
	a - 0063
	a - 0064
	a - 0065
	a - 0066
	a - 0067
	a - 0068
	a - 0069
	a - 0070
	a - 0071
	a - 0072
	a - 0073
	a - 0074
	a - 0075
	a - 0076
	a - 0077
	a - 0078
	a - 0079
	a - 0080
	a - 0081
	a - 0082
	a - 0083
	a - 0084
	a - 0085
	a - 0086
	a - 0087
	a - 0088
	a - 0089
	a - 0090
	a - 0091
	a - 0092
	a - 0093
	a - 0094
	a - 0095
	a - 0096
	a - 0097
	a - 0098
	a - 0099
	a - 0100
	a - 0101
	a - 0102
	a - 0103
	a - 0104
	a - 0105
	a - 0106
	a - 0107
	a - 0108
	a - 0109
	a - 0110
	a - 0111
	a - 0112
	a - 0113
	a - 0114
	a - 0115
	a - 0116
	a - 0117
	a - 0118
	a - 0119
	a - 0120
	a - 0121
	a - 0122
	a - 0123
	a - 0124
	a - 0125
	a - 0126
	a - 0127
	a - 0128
	a - 0129
	a - 0130
	a - 0131
	a - 0132
	a - 0133
	a - 0134
	a - 0135
	a - 0136
	a - 0137
	a - 0138
	a - 0139
	a - 0140
	a - 0141
	a - 0142
	a - 0143
	a - 0144
	a - 0145
	a - 0146
	a - 0147
	a - 0148
	a - 0149
	a - 0150
	a - 0151
	a - 0152
	a - 0153
	a - 0154
	a - 0155
	a - 0156
	a - 0157
	a - 0158
	a - 0159
	a - 0160
	a - 0161
	a - 0162
	a - 0163
	a - 0164
	a - 0165
	a - 0166
	a - 0167
	a - 0168
	a - 0169
	a - 0170
	a - 0171
	a - 0172
	a - 0173
	a - 0174
	a - 0175
	a - 0176
	a - 0177
	a - 0178
	a - 0179
	a - 0180
	a - 0181
	a - 0182
	a - 0183
	a - 0184
	a - 0185
	a - 0186
	a - 0187
	a - 0188
	a - 0189
	a - 0190
	a - 0191
	a - 0192
	a - 0193
	a - 0194
	a - 0195
	a - 0196
	a - 0197
	a - 0198
	a - 0199
	a - 0200
	a - 0201
	a - 0202
	a - 0203
	a - 0204
	a - 0205
	a - 0206
	a - 0207
	a - 0208
	a - 0209
	a - 0210
	a - 0211
	a - 0212
	a - 0213
	a - 0214
	a - 0215
	a - 0216
	a - 0217
	a - 0218
	a - 0219
	a - 0220
	a - 0221
	a - 0222
	a - 0223
	a - 0224
	a - 0225
	a - 0226
	a - 0227
	a - 0228
	a - 0229
	a - 0230
	a - 0231
	a - 0232
	a - 0233
	a - 0234
	a - 0235
	a - 0236
	a - 0237
	a - 0238
	a - 0239
	a - 0240
	a - 0241
	a - 0242
	a - 0243
	a - 0244
	a - 0245
	a - 0246
	a - 0247
	a - 0248
	a - 0249
	a - 0250
	a - 0251
	a - 0252
	a - 0253
	a - 0254
	a - 0255
	a - 0256
	a - 0257
	a - 0258
	a - 0259
	a - 0260
	a - 0261
	a - 0262
	a - 0263
	a - 0264
	a - 0265
	a - 0266
	a - 0267
	a - 0268
	a - 0269
	a - 0270
	a - 0271
	a - 0272
	a - 0273
	a - 0274
	a - 0275
	a - 0276
	a - 0277
	a - 0278
	a - 0279
	a - 0280
	a - 0281
	a - 0282
	a - 0283
	a - 0284
	a - 0285
	a - 0286
	a - 0287
	a - 0288
	a - 0289
	a - 0290
	a - 0291
	a - 0292
	a - 0293
	a - 0294
	a - 0295
	a - 0296
	a - 0297
	a - 0298
	a - 0299
	a - 0300
	a - 0301
	a - 0302
	a - 0303
	a - 0304
	a - 0305
	a - 0306
	a - 0307
	a - 0308
	a - 0309
	a - 0310
	a - 0311
	a - 0312
	a - 0313
	a - 0314
	a - 0315
	a - 0316
	a - 0317
	a - 0318
	a - 0319
	a - 0320
	a - 0321
	a - 0322
	a - 0323
	a - 0324
	a - 0325
	a - 0326
	a - 0327
	a - 0328
	a - 0329
	a - 0330
	a - 0331
	a - 0332
	a - 0333
	a - 0334
	a - 0335
	a - 0336

