
250 99ST

INTERNATIONAL INSTITUTE FOR INFRASTRUCTURAE.,
HYDRAULIC AND ENVIRONMENTAL ENGiNEERING

Study of low-costarsenic mitigation technologiesfor
application in rural Bangladesh.

Shakil Ahmed Ferdausi

M.Sc.ThesisSEE087

July, 1999.

IHE
DELFT

-

4~

No~
O 03—01

~ 0 I — OJ
0J - I 0 ~

— i0-l.5.Wl
— I .0—20 ~/I
— ‘2.0 ~4



INTERNATIONAL. INSTITUTE FOR INFRASTRUCTURAL,
HYDRAULIC AND ENVIRONMENTAL ENGINEERING

Study of low-cost arsenic mitigation technologiesfor

application in rural Bangladesh.

ShakilAhmedFerdausi

M.Sc. ThesisSEE 087

July, 1999.

D E ~I~R’~RY IRC

P0 Box 93190, 2509 AD THE HAGUE
Tel.: +31 70 30 689 80
F*~i~317OQ~R4

BARt~QQE i

2co qqSI

.J..

Nod~I~
005—01 mg/I
0 1—05 mWI
05—1 0 m&R
10—15mg/i

— IS -20n~/l
—



M.Sc.Thesis

Study of low-costarsenic mitigation technologiesfor
application in rural Bangladesh.

By:

ShakilAhmedFerdausi

Supervisor:
Prof. Dr. J.C. Schippers

Mentors:
Jr. M. W. Blokiand
Ir. A. N. vanBreemen

ExaminationCommittee:
Prof.Dr. J.C. Schippers
Jr. A. N. vanBreemen
Jr.M. W. Blokiand

July, 1999.



The findings, interpretationsand conclusionsexpressedin this thesisdo neithernecessanlyreflectthe
viewsof the InternationalInstitutefor Infrastructural,hydraulicandEnvironmentalEngineering(IRE),
the individual membersof theexaminationcommitteenor their employers.



Dedication-

Iv/ii/ibns of arsenic affectedpeople of Bangladesh



ACKNOWLEDGEMENTS

With the deepsenseof gratitudeandrespectI havethe pleasureto expressspecialthanksto my
supervisorProf Dr. J C Schippersfor kind supervisionof this study. My sincerethanksand

admirationgo to my mentorIr. M W Bloklandfor his valuableguidancealongthe way. I am
mostsincerelyindebtedto him for the arrangementof financial supportto carry out the study.
His vision, methodicalobservationsand keenpersonalattentionhaveinspiredme throughout
the projectwork andthis study Without the involvementof Ir. A. N. vanBreemen,the arsenic

removal part of the study have neverbeen camedout. His meticulous, constructive and
valuableguidancehashelpedmeto applythe systematicapproachin dealingwith waterquality
problems.

I would like to thankMr. G F. Kruis, Head of the IHE Laboratoryand all his colleaguesfor
their kind cooperationandassistanceto conductthe expenmentat the THE laboratory.Special
thanksto theTHE, IRC andTU library staffs for their kind assistance.

I would also like to thank the DPHE officials for their support during the fieldwork and
laboratoryexpenments.I specially acknowledgeMr. Manjurur Rahnian,ExecutiveEngineer,

DPHEfor hiskind assistanceandsupport.Thanksowingto theusersofpond sandfilters (PSF)
for their cooperation.

Finally, I takethe opportunity to expressmy sincererespectto my parentsfor their continuos
support in all aspectsof my life. I am also grateful to my two sistersfor their support and
encouragement.



ABSTRACT
Arsenic in groundwateris posinga seriousthreatto the rural populationof Bangladesh.In 59
out of the 64 districts of Bangladesharsenic levels in the groundwateraquifersthat arewidely
exploitedby handpumpsexceedthe thresholdlevel of 50 ~.ig/1.Arsenic in drinking water can
causedermalchanges,kidneyandliver disorder,cancer,andultimately .... death.

The objectiveof this researchis to study somepractical aspectsof threepromising low-cost
arsenicmitigationlwatersupply technologiesthat areconsideredappropnatefor applicationin
rural BangladeshThese technologiesinclude arsenicremoval by alum (at householdlevel)
from existing sources,rainwaterharvesting(at householdlevel) and pond sand filtration (at
community level). The researchincludes a literature review of available technologiesfor
arsenic mitigation and laboratory-scaleexpenmentsfor arsenic removal. It comprisesthe
assessmentofrainwaterharvestingbasedon analysisof rainfall databy masscurvemethodand
A~-V~method,andcostingof thesystem.It coversthe identificationofdesign,constructionand
O&M weaknessesin thepond sandfilter systembasedon literaturereview, field survey, and
waterqualityanalysis.

Arsenic removal was found dependenton the initial iron value in the water,with higher iron
leading to increasedarsenicremoval.The arsenicremoval efficiencywas found to be rather
independentof the initial arsenicconcentration.A commondosageof alum canbe selectedto
bring the arsenicvaluein waterdown below theBangladeshlimit of 50 vigIl. Arsenicremoval
was also achieved without addition of alum when raw water containedhigh iron The
coagulationtechniquefor arsenicremovalby bucket treatmentat the householdlevel appears
feasiblefor immediateapplication.Additional researchon differentaspectsof buckettreatment
is required.This concernsthe effectivemixing of alum in thebucket, the presenceof residual
aluminumandthe handlingof the arseniccontainingsludge.

Rainwaterharvestingis found technically feasible andthe requiredstoragesize for a typical
family would vary between2.9 and4.4 m3. SocalledA~-V~curves canbe developedfor the
different regionsandbe appliedat field level by non-professionalsto find the requiredsize of
storagetank. The capital cost of the storagetank is relatively high comparedto other
technologies,anda subsidy or micro-credit schemewould be requiredto enablewide-scale
applicationof the system.Additional researchis necessaryto find cheaperstoragevesselsfor
applicationin rural Bangladesh.For now, thecementnng storagetank is found to be the most
economicalsolution

The presentdesignof the pond sand filter improveswaterquality, but fails to bring the Fecal
Coli numberbelowthe standardlevel. It was found thatthe frequencyof re-sandingthe filter is
very high This reducestreatmentefficiencyandcomplicatesthe O&M of the system.A design
improvementis proposedfor pre-treatmentunit, the depthof the sandbed, andinlet andoutlet
structures and controls Such design modifications along with improved community
participation,O&M training andprocedurescan improve waterquality, increasethe filter run
time andreducethe O&M activities.

In the BangladeshArsenic Mitigation/Water Supply Project the selectionof the appropnate
technologywill be by the users An algonthmto helpcommunitiesin surveyingandchoosing
from therangeof appropriatelow-costtechnologieswasdeveloped

Keywords. Arsenic, Bangladesh,groundwater, arsenic removal, coagulation, alum, iron, jar test,
rainwater harvesting,catchment,storage tank, rainfall, design,dry period, costing, pond sandfilter,
slowsandfilter, waterquality, pre-treatment,O&M, turbidity,fecalcolifom
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INTRODUCTION

The provision of safe drinking water remainsa prime target for both advancedand

developingcountries.By far thegreatestwaterqualityproblemin developingcountries

is theprevalenceof water-bornediseases,especiallygastro-enteritis,which relatedto

fecal pollution and inadequatehygiene. Such problems are usually related to poor

quality of water sources, inadequateinstallation and poor hygiene. Pollution from

agricultural chemicals,for examplenitrate andpesticides,onceconsidereda problem

restricted to rich nations, is now also a rapidly growing problem in developing

countries.

In addition to the anthropogenicsources, the natural baseline geochemistry of

groundwater and surface water resulting from interaction with rocks also creates

widespreadhealthandacceptabilityproblemsin manypartsof the world, mainly on a

regional scale.The concentrationof naturally occurringmobile elementsoften exceed

thoserecommendedas the maximum for potablewaters,andlor their concentrations

mayexceedlimits of generalacceptabilityfor domesticuse.

Bangladeshhas achieveda commendablesuccessamongthe developingcountriesin

provision of basic water supply throughhand tubewells.There are an estimated3.0

million tubewells in rural Bangladesh. About two-thirds of these tubewells were

installed andowned by the private/individualsandNGOs. The remainderis publicly

owned, mainly by DPHE, andoperatedby caretakerfamilies. The rural water supply

coverageis 90% and this coverageis presentlydefinedas percentageof population

living within 150 metersof atubewell. It took morethan50 yearsto motivate the rural

peopleto usetubewellwater insteadof pondswaterfor drinkingandcookingpurposes

andto minimize waterbornediseases,especially,diarrhoealdiseases.Ruralpeopleare

now quite habituatedto drink tubewellwater. All peoplearebeingpersuaded‘to drink

tubewell water’. So, strategically groundwaterare being consideredas free from

pathogenicmicroorganismsandavailablein adequatequantityin shallowaquifers.

In recenttimes arsenicin groundwaterhascomeas a threat to the rural water supply

system of Bangladesh.The problem of arsenicseemsto be a looming disasterfor

Bangladesh.

1.1 GENERAL

Study of low-cost arsenic mitigation technologies forapplication in rural Bangladesh 1
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1.2 ARSENIC CONTAMINATION IN BANGLADESH

Arsenic is not an uncommoncontaminantof groundwater.It is a naturallyoccurring

elementand usually presentsin the form of compoundswith sulfur and with many

elements.However,arseniccontaminationof drinking watersupplieshasrecentlybeen
realizedas a global problem. Some of the severecaseshave been documentedin

Taiwan, Argentina,Chile, Canada,Mongolia and Mexico. But, probablythe biggest
outbreakof arsenicpoisinghasbeendiscoveredin BangladeshandWestBengal,India.

Comparedto otherarsenicaffectedcountries,the arsenicproblemin Bangladeshhas
beendetectedvery recently.The issueof arsenicin undergrounddrinking waterin this

regionwaspossibly first noticed in 1978 in WestBengal,India. But, Dr. K.C. Saha,

Schoolof TropicalMedicine,Calcuttapresentedthefirst official reportofarsenicstudy
in July 1983,from thewatersamplesoftubewellshavingdepthsvaryingfrom 20m to

lOOm (Quadiruzzaman,1996). Arsenic in groundwaterhasbeenfound above WHO

maximumpermissiblelimit 0.05 mg/l in six districts (out of seventeendistricts) of

WestBengal(Daset al. 1995). It wasdoubtedthat groundwaterof adjacentdistrictsof

Bangladeshmight containhigh arsenicasWestBengalandBangladeshare in thesame
BengalDeltaPlain. TheDepartmentofPublic HealthEngineering(DPHE) arrangedto

testthe waterfrom 34 tubewellsin August 1993 andtheresultsshowedthepresenceof
arsenic contaminationin 5 tubewells. Further investigation of DPI{E and other

organizationswidely reportedthe intermittent incidents of arseniccontaminationin
groundwaterand consequentarsenicpoising of the users.A DPHE/DFID regional

survey conductedin 1998 shows that 59 out of the 64 administrativedistricts of
Bangladesh,the groundwateris contaminatedwith arsenic.The percentageof arsenic

affectedthanas(sub-districts)are43% (Mia, 1998).An estimated24 million peopleare

directly exposedto the arsenicproblemand 75 million are at arsenicrisk of arsenic
contamination.It has been reportedthat so far about7000arsenicosisaffectedpatientsare

identifiedin thearsenicaffectedareas(Web page of Dainichi Consultant,1999 cited the

source BBS, Dhaka CommunityHospital,NTPSOM, DPHE). The figure 1.1 showsthe

arseniccontaminatedareaofBangladesh.However,themap is preparedwith theearlier
data,not showingtheall affectedarea.

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh 2
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Figure1.1: Maximum Arsenic Concentrations in Groundwater in Each Thana (Sub-

District) of Bangladesh
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1.3 THE NEED FOR RESEARCH

Thepresentarseniccnsis is jeopardizingtheprogressmadein watersupplysectorin the

last two decades.Therearetwo majoron-siteimpactsofthecrisis:

i) In the absenceof acceptablealternatives,people are continuing to consume

arsenic-contaminatedwaterand

ii) In the absenceof proper on-site water and sanitation,communitiesthat are

womedthat theirgroundwatermight becontaminatedwith arsenicmayendup
drinking pathogencontaminatedsurface water that is more harmful than

arsenic.

There are both urgentand long-term socially acceptabletechnicalsolutionsneedsto

addresstheseissuesin asustainableway.

A major constraintto addressingthe arsenicproblem in Bangladeshis the lack of

information on the extent, causesand provenremedial interventions.In general, the

Government’slevel informationon watersupplyandsanitationis inadequate.Although

many of the country’s researchorganizations,governmentalagenciesand NGOs are
now engagedin datagathering, information on groundwaterarseniccontamination

does not cover all areasof potential contaminationand is not always reliable or

conclusive.Data on possiblecausesof groundwaterpoisoningare also inconclusive.
However,it is now widely acceptedthat the sourceof arsenicis geologicalin origin.

Groundwaterconditionsprobably determinethe releaseof arsenicand spreadingvia
the groundwatersystem.Little is known aboutthe possiblegeologicalsourcesor the

mechanismof releaseand spreadingwithin the aquifersystem.Theproblemhassofar

beenidentified mainly in shallow aquifersat a depth up to 200 ft, but water from a
numberofdeepertubewellsappearedto be contaminatedaswell.

It hasbeenrecognizedthat presentarsenichealth hazardis directly relatedwith the

drinking water. Arsenic contaminatedwater can be used for the other household
purposeslike cleaning, washing,bathmg, gardeningetc. without any risk of arsenic

poisoning. It hasbeenacceptedthat 5 lpcd arsenic ‘free’ safe water is requiredfor

domesticpurposes,particularly drinking and foodpreparation.The minimum amount

of drinking waterrequiredfor survival in a tropical areais the rangeof 1.8 to 3.0 liters
per day, so that another2 to 3 liters percapitais availablefor otherstrategicuses.In

the BAMWSP, a World bank assistedproject targeting 4000 villagers in rural
Bangladesh,arsenicmitigationmeasureswill be taken to supply at least5 lpcd water

with an acceptablearseniclevel in the arseniccontaminatedareafor the dnnking and
mainly foodpreparationpurposes.

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh 4
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A simple, affordable, technicallyfeasible and socially acceptablesafe drinking water

system in the rural areasof Bangladeshis very much in demand.Unfortunately,

Bangladeshhasmainly experienceon groundwateri.e. handpumpand deeptubewell.
In someinstances,alternativewater options like rainwaterharvestingand pond sand
filter (PSF) are practicedin very limited way. The problemrelatedwith the water

quality, long-termuseandotherrelatedissueslike O&M problem,socialacceptability

ofalternativewateroptionsarestill to beaddressed.

1.4 GOAL OF THE STUDY

The goal of the research is to study some of the low-cost arsenic mitigation

technologiesfor application in rural Bangladesh.The technologiesinclude arsenic

removal by alum (at householdlevel) and alternativewater sourceslike rainwater

harvesting(at householdlevel) andpondsandfilter (at communitylevel) for treatment

ofsurfacewater.

1.5 OBJECTIVES OF THE STUDY

Theobjectivesoftheresearchare:

i) To analyze the potentially suitable and immediately acceptabletechnical

optionsfor arsenicmitigation measuresin moredetail.

ii) To examine the possibilities of identification of optimal alum dosing for

differentarsenic-ironconcentrationsin groundwater.

iii) To investigatethe feasibility of rainwaterharvestingat householdlevel for
long-termusein drinkingpurposes.

iv) To identify thepresentplanning,design,constructionandO&M weaknessesof

pondsandfilter andto proposeremedialmeasuresto overcomethose.

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh 5
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1.6 SCOPE OF THE STUDY

Themain approachesto accomplishtheearliermentionobjectiveswill beasfollows:

i) General:

• Problem identification and analysis— arsenic in groundwater of
Bangladesh.

• Literaturereviewof arsenicremovaltechnologies.

• Literature review of alternative technologiesfor application in rural

areas.

• Analysisof thepotentiallysuitabletechnologies.

ii) ArsenicRemovalbyAlum:

• Literaturereviewof arsenicremovalby coagulation.

• Collection andanalysisofrawwater from a specific areaof Bangladesh
to observetheiron andarsenicconcentrationin affectedarea.

• Laboratory experiments with different arsenic-iron containing water and

to identify the optimal alum dosing for different iron-arsenic
concentrations.

iii) RainwaterHarvesting:

• Literaturereviewof different rainwaterharvestingsystemspracticedin
different countriesfor drinkingpurposesin detail.

• Related rainfall data collection for desigmng rainwater harvesting
systemfor long-termuse.

• Determinationofrainwaterstoragevolumeanalyzingthe rainfall data.

• Comparisonofdifferentmaterialsfor rainwaterstorage.

• Costing of alternativeoptionsof storagetanks.

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh 6
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iv) PondSandFilter (PSF):

• Review of the literature relatedto small slow sandfilter practicedin
otherdevelopingcountries.

• Reviewof therelatedreportsto designandoperationof pondsandfilter
in Bangladesh.

• Additional fieldwork to supplementthe informationwith literaturesand
reports, e.g., examination of PSF operations,analyzing of water
qualities,interviewwith stakeholdersetc.

• Comparisonof designand operatingconditionsof majorcomponentsof
PSFwith thoseofSSF.

1.7 ORGANIZATION OF THE REPORT

Thestudyreportcontainssix chaptersthat canbesummarizedbelow:

ChapterOne— describestheproblem,researchneedandobjectivesofthe study.

ChapterTwo — discussesthe arseniccharacteristics,chemistry,guideline, probable

causesof groundwatercontamination,the impact of the problems. It also gives an
overviewof different arsenicremoval technologiespracticedin the different partsof

the world and reviews the arsenic mitigation technologiesapplicable in rural
Bangladesh.

ChapterThree — describesthe arsenicremoval technologyby coagulationwith its

principles and the findings of previous studies. It also provides the laboratory

experimentalprocedurewith materialsandmethods,thefindingsof theexperiment.

ChapterFour— illustratesthe different componentsof therainwaterharvestingsystem
with costingfor different materialsof storagetank, waterquality protection,design

procedurefor storagetank calculation.It analyzesthe rainfall patternof Bangladesh

and comparesthe methodsfor calculatingstoragetank volume. Finally, costingand
materialsof guttenngandstoragetanksin Bangladeshareestimatedandconsiderations

for implementingthesystemarediscussed.

ChapterFive — comparesthecomponentsof theslow sandfilter andpondsandfilter. It

explainsthe filtration mechanism,identifies the technical,operationandmaintenance
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weaknessof the systemand finally providesthe remedial measuresto improve the

system.

ChapterSix — drawsconclusionsfrom thestudyandprovidesa recommendationfor the
technology selection at the arsenic contaminated area. It also gives some

recommendationsfor futurestudy.
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REVIEW OF ARSENIC
MITIGATION TECHNOLOGIES

2.1 GENERAL

This chapterreviewsthearsenicremovaltechnologiesappliedm the differentpartsof

theworld andlow-cost arsenicmitigation measuresapplicablein rural Bangladesh.It
comesup with a potential list of arsenicmitigation technologies,which canbe applied

to meet the immediate demandin the field. However, thesetechnologieswill be

situationspecific andshould be appliedwith due care.This chapteralso includesthe
generalpropertiesof arsenic,possiblereasonof arsenicoccurrencein Bangladesh,

drinkingwaterguidelinesandhealthhazardsrelatedto arseniccontaminationetc.

2.2 GENERAL CHARACTERISTICS OF ARSENIC

Arsenic is a well-known toxic element.Arsenic hassix very specific characteristics.It
is calledasecretpoisondueto its thesecharacteristics.Theseare:

Box 2.1:Characteristicsof Arsenic

• It is a virulent poisonon acuteingestion.

• It is extremelytoxic on long termexposureto very low concentrations.

• It is not visible in water and food. Even heavy contaminatedwatermay be clear and
colourless.

• It hasno taste.Evenheavycontaminatedwatermayhaveapleasanttaste.

• It hasno smell, evenat deadlyconcentration.

• It is difficult to analyse.

Azcue& Nrjagu, 1994
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2.3 GUIDELINES

There are no fixed standardsfor maximum permissible arsenic contaminantsin

drinking water. The guideline values for arsenic in drinking water establishedby
variouscountries/organizationsare listed in Table 2.1.

Table2.1: Guideline valuesfor arsenic in drinking water.

Country/Organization Maximum Contaminant level(MCL), ~gi7
Canada 25
USA 50

EuropeanCommunity(EC) 50
India 50
China 50
Taiwan 50
WHO*

10

Viraraghavaetal, 1994 * Fredericket al. 1994

Although arsenictoxicity clearly dependson its chemical form, with As(III) being

muchmoretoxic thanthe oxidizedAs(V) species,theguidelinevalue is targetedonly

to the total arsenic.As (III) has a high affinity for thiol (-SH) groups in proteins,
causinginactivationof a variety of enzymes.On contrast,As (V) behavesvery much
like phosphate.Consequently,it can substitutefor phosphatein normalcell reactions,

interferingwith normalcell functions(Fredericket al., 1994).

The WorldHealthOrganization(1984)settheguidelinefor arsenicin drinking waterat

the maximumallowable concentration(MAC) of 0.05 mg/l. Recentepidemiological

studies in Taiwan, where large population groups have been drinking the arsenic

contaminatedwater for long time, have shown that arsenicmay causeliver, lung,
kidney, and bladdercancerin addition to the previously acknowledgedrisk of skin

cancer. With a view to reduce the risk of getting skin cancer, and taking into
considerationthe practical detection limit in the available analyses,a provisional

guidelinevaluefor total arsenicin drinking waterof 0.01 mg/I is establishedby WHO

in 1993. The estimatedexcesslifetime skin cancerrisk associatedwith exposureto this

concentration is 6x10~.The WHO notes that “guideline values for carcinogenic
substanceshave beencomputedfrom mathematicalmodels that cannotbe verified
experimental,”and “At best,theseestimatesmust be regardedas roughestimatesof

cancerrisk” (Fredencket al., 1994).This canbe simplified asone out of 1667persons
may sufferskin cancerby using0.01 mg!l arsenicin thedrinkingwater.

The drinking water standard for arsenic in the proposedEnvironmental Quality

Standards(EQS)for Bangladeshis 0.05 mg/i (Hossain& Ali, 1997).
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2.4 CHEMISTRY OF ARSENIC

Arsenic is a non-metalbelongsto groupVa of the periodic chart, which groupalso

containsnitrogen,phosphorus,antimonyand bismuth.Arsenic has atomic numberof
33 and atomic mass of 74.92 16. The physical appearanceof arsenicresemblesthat of a

metal, so it is referredto as a metalloid to distinguishit from a true metal. So it is

referredto as a metalloid to distinguish it from a true non-metal.The stableform

(element) of arsenicis crystalline,brittle and has a graymetallic luster. However, this

form is not common in the environment. Arsenic is usuallyfound combinedwith one
or more other elements such as: oxygen, chlorine and sulfur (Pontius et al., 1994,

Karim etal., 1997,Carmaltetal., 1998).

Arsenic commonly exists in severaldifferent oxidation states: +V (arsenate),+111

(arsenite),0 (arsenic),and—III (arsine).The oxidation state(or valencestate),which
indicates the capacity of the atom to combine with other atoms, is usedto denotethe

form of arsenicpresent(Pontiuset a!., 1994).

Arsenic occurs in both inorganic and organic forms in naturalwaters. Inorganic arsenic

maypresentin the formal oxidation statesof arsenate[As(V)] and arsenite{As(III)].

The dominantarsenicspeciesis a function of pH and redox potential. Arsenate,the
thermodynamically stable form of the inorganic species in oxygen rich waters,

generally predominates in surface waters. Arsenate exists in four forms in aqueous

solutions: H3AsO4, H2AsO4~,HAsO4
2 andAsO

4
3~.Thethermodynamicprediction of the

equilibrium chemistryof inorganic arsenicspeciesare shown in Fig 2.1 (Edwards,

1994,reprintedand citedfrom FergusonandGarvis, 1972).

C

Figure 2.1 : Thermodynamic prediction of the equilibrium chemistry of inorganic arsenic
species.

pH
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HAsO4
2~predominatesfrom pH 7 to 11.5, indicatingthat this is the form mostlikely to

occur in surfacewater supplies.At pH <7, H
2AsO4 dominates.Arsenite is favored

underreducing conditions, e.g., in anoxic groundwater. Arsenite is present as H3AsO3

in aqueous solutions; thisundissociatedweakacidis predominantin pH range 2-9.

Organic arsenic species occur in natural waters as a result of the use of organo-

arsenical pesticides, as well as through the biomethylation mechanisms of

microorganisms (Thayer 1984, Cullen 1987).

As earliermentioned,the toxicity of arsenicdependson its chemical form. Arsenite,

thetrivalent inorganic species,is more toxic to biological systemsthan arsenate,the
pentavalentspecies.The toxicity of organo-arsenical is lower than those of inorganic

arsenicspecies(Chengeta!., 1994).

2.5 OCCURRENCE OF ARSENIC IN GROUNDWATER

Arsenic is found widely distributed in nature,in igneousrocksand in ores in earth

crust. It is ranked as the 20111 most abundant element in the earth’s crust. Over 245

arsenic bearing minerals have been identified which occur mainly as sulfides and

which are usually associated with orescontainingcopper,lead,zinc, gold and silver.

Themostcommonoresareshownin Table2.2 (Carmalt& Norman, 1998).

Table2.2: The mostcommon arsenicbearing ores.

Nameof Ores ChemicalFormula

Asenopyrite FeAsS

Realgar As454orAsS
Orpiment As2S3

Arsenolite As2O3

Energite Cu3AsS4

The source of arsenic in the natural water is generally related to theprocessofleaching

from geological materials and sediments derived from the arsenic bearing minerals,
inputs from geothermalsources,mining wastesand landfills (Welchet al. 1988,Korte
& Fernando, 1991). Uncontrolled anthropogenicactivities suchas smelting of metal

ores,useof arsenicalpesticides,woodpreservativeagents,andothervariousarsenicals

mayreleasearsenicdirectly to theenvironment(Battacharyaet a!., 1997).

Occurrenceof arsenicin thenaturalwaterdependson thelocal geology,hydrologyand
geo-chemicalcharacteristicsof theaquifermaterials.Furthermore,the organiccontents

as well as the land usepatternmay be important factors in controlling the natural
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mobility of arsenic in the alluvial underground. Under anoxic conditions the

mobilizationof arsenicis the reasonfor the overall greaterrisk for contaminationof
groundwaterascomparedto surfacewater.

2.5.1 OCCURRENCE OF ARSENIC IN GROUNDWATER OF BANGLADESH

It is now widely acceptedthat the sourceof arseniccontaminationin groundwaterof
Bangladesh is geological in nature. Little is known about the possible geological

sources or the mechanism of releaseandspreading within the aquifer system. Eventhe

limited findingsandpresenthypothesisremainto be confirmed.

Bangladeshis mainly formedofavastthicknessof alluvial anddeltic sediments,which
can be divided into two main parts- the recentfloodplainsand the terraceareas.The

floodplains andthe sedimentsbeneaththemareonly a few thousandyearsold andcan

be classifiedaccordingly,to which oftheriver system(Ganges,Brahmaputra,Tista and
Meghnaetc.) depositedthem. Theterraceareasarebetterknown asthe Madupurand
BarindTracts,and thesedimentsthat underlinethemaremucholder thanthe adjacent

floodplains. It hasobservedthat most ofthe arsenicoccursin theyoungestsediments

derivedfrom theGangesBasin(BCAS, 1997).

A recentstudy conductedby theBritish GeologicalSurveyteam(1999) suggeststhat
the groundwaterarsenicproblem in Bangladesharises becauseof an unfortunate

combinationof threefactors.Theseare a sourceof arsenic (arsenicis presentin the

aquifer sediments),mobilization (arsenic is released from the sediments to the
groundwater) and transport (arsenic is flushed away in the natural groundwater

circulation).Theseareexplainedbelow.

Geologicalsourceof arsenic

Previouslya numberof anthropogenicexplanationshad beenfor the occurrenceof
arsenicin groundwater.While it is possiblethat somemay explain isolatedcasesof

arseniccontamination,none of the anthropogenicexplanationscan accountfor the
regionalextentofgroundwatercontaminationin BangladeshandWestBengal.Thereis

no doubt that the sourceof arsenicis of geological.The arseniccontentof alluvial

sedimentsin Bangladeshis usually in the range2-10 mg/kg; slightly greaterthan

typical sediments(2-6 mg/kg). However, it appearsthat an unusually largeportion of
the arsenic is present in a potentially soluble form. The groundwater arsenic
concentrationsareassociatedwith thegrey sandsratherthanthebrown sands.Themap

of arseniccontaminatedgroundwatershowsthat highly contaminatedareasare found
in thecatchmentsof theGanges,BrahmaputraandMeghnarivers strongly suggesting

that therearemultiple sourceareasfor thearsenic.
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Mobilization of the arsenic- redox processes

Burial of the sediments,rich in organic matter, has led to the strongly reducing

groundwaterconditions observed.Theprocesshasbeenaidedby the high water table
and fine-grainedsurfacelayers which impedeentry of air to the aquifer. Microbial

oxidation of the organic carbon has depleted the dissolved oxygen in the groundwater.

This is reflectedby thehigh bicarbonateconcentrationsfoundin groundwaterin recent

sediments.There is a relationshipbetweenthe degreeof reduction of the groundwater

and the arsenic concentration — the more reducing, the greater the arsenic
concentration.

The highly reducingnatureof the groundwaterhasled to the reductionof someof the

arsenic to As(III) and possible desorptionof arsenicsince As(III) is normally less

strongly sorbedby the iron oxidesthanAs(V) underthe nearneutral pH groundwater
conditionsobserved.Furtherreductionwill leadto thepartial dissolutionofthepoorly
crystallizedferric oxide with consequentreleaseof iron and additionalarsenic.Other

strongly sorbed ions, especially phosphatewill also be releasedby iron oxide
dissolution.The relatively high phosphateconcentrationspresentin the groundwater
will competewith As(V) for sorption sites and is anotherfactor that favors high

groundwaterarsenicconcentrations.

‘Oxyhydroxide reduction’ hypothesisproposedby Nickson et a!., 1998 explain the

probable main cause of arsenic mobilization in groundwater.

Box 2.2: ‘Oxyhydroxide reduction’ hypothesis

Arsenic is released when arseniferous iron-oxyhydroxides are reduced in anoxic
groundwater,a processthat solubilisesiron, andits absorbedload, andincreasesbicarbonate
concentrations.Sedimentaryiron oxyhydroxides are known to scavengearsenic and
concentrationsof diagenetically available iron and arsenic correlate well in aquifer
sediments.

The arsenic-richgroundwateris mostly restrictedto the alluvial aquifers of the Ganges
delta., so thesourceof arsenic-nchiron oxyhydroxidesmust lie in theGangessourceregion
upstreamof Bangladesh.Weatheredbase-metaldepositsoccur in the Gangesbasin (Bihar,
Uttar Pradesh,and West Bengal, India), so weathenngof thesearsenic-richbase-metal
sulphides must have supplied arsenic-rich iron oxyhydroxides to downstreamGanges
sedimentsduring Late Pleistocene-Recenttimes. The arsenic-richiron oxyhydroxidesare
now beingreduced,causingthe presentproblem. Reduction is dnvenby concentrationsof
sedimentaryorganicmatterup to 6%.
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Transport of arsenic within the aquifers

Presentgroundwatermovementis very slow becauseof the extremelylow hydraulic

gradientsfoundin the delta region.Exceptwheremodified by pumping,groundwater
circulation is largely confined to the shallow layers affectedby local topographic
featuresandthepresenceofrivers. Closeto rivers, theenhancedgroundwaterflow may

lead to a greaterdispersionof arsenicalong riverbanks.Annual fluctuationsof the
watertable, typically about5 m, will affectgroundwaterand arsenicmovementin the

shallow layers. Theremay havebeen some flushing of arsenicfrom the shallowest
layers.

At greaterdepths,groundwatermovesslowly in responseto the low regionalgradients.
This is consistentwith the old ageof the waters. The lateraland vertical spreadof

contaminantsis slow even without consideringthe retardationdue to sorption.

Modeling suggeststhat evenin themostpermeablelayers,arsenicmovementis likely
to be limited to a few meters a year.

2.5.2 ARSENIC CONTENT VARIATION WITH DEPTH

TheBritish GeologicalSurveyteamalso hasobservedthat arseniccontaminationwas
“prominent” in shallowaquifersand “little” in deepaquifers.The samplesweretaken

from the 41 districts out of 64 districts of Bangladesh.Altogether2022 collected

sampleswere analyzedin the United Kingdom collected from 252 thanas (sub-
districts). On average8 sampleswere collectedper thanaor 1 sampleper 37 km2. The

samplingstrategywasdesignedto give a uniform spatialcoverageandarepresentative
rangeofwell typesanddepths.

• The median arsenic concentration was 0.0108 mg/I, just above the WHO
recommendedlimit for arsenicin drinking water. 51%of thesampleswere above
0.01 mg/l (the WHO guideline value). 35% of the sampleshad concentrations

above the Bangladesh drinking water standard of 0.05 mg/l.

• Much of Bangladeshis characterizedby a two-aquifersystem.A shallow aquifer

typically extending from 10 to 70 mbelow ground level and a deeper aquifer below

about 200 m. In the south the shallow aquifer is divided in two.

• The top of the shallow aquifer, at depthof less than 10 m appearsto be less

contaminated,and shallow wells are usually uncontaminatedeven in areasof

otherwisehigh arsenicconcentrations.

• Most of the very deep wells (depth greater than 200 m) had low arsenic

concentrations,often significantly below 0.01 mg/l. Only 1% of these wells had

arsenicconcentrationsabove0.05 mg/l.
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• Changes,for betteror worse, are likely to be slow, andif they occur,will happen
overtime scalesof yearsanddecades.

The importanceof these findings to the rural water supply systemis that, for the

purposeof guiding presentrural water supply system, the following low-arsenic

occurrencesmaybe assumed:

1. Wheregroundwatercanbe drawnfrom wells with a veryshallowdepth(lessthan
10 m), thewateris likely to haveanarsenicconcentrationlessthan0.05 mg/I.

2. Wheredrilling of wells in deepaquifers(>200meters)is feasible,thewater may
be expected to have an arsenic concentration below 0.05 mg/l.

3. Wheregroundwaterin themostcommonwells with adepthof 10 - 70 m is found

to contain less than0.05 mg arsenic/l,the sourcemay continueto be used,and

needsto be re-sampledyearly.

2.6 HEALTH HAZARDS

There are two distinct forms of arsenic poisoning— acute and chronic. Acute arsenic

exposure(high concentrationsingestedovera short time period)cancausea variety of

adverse effects. The severity of the effect depends primarily on the level of exposure.

Acute high-doseoral exposureto arsenictypically leads to gastrointestinalirritation

accompaniedby difficulty m swallowing, thirst, abnormallylow blood pressure,and
convulsions.Deathmay occurfrom cardiovascularcollapse.The lethal doseto humans

is estimatedat 1-4 mg As /Kg for an adult. Short-termexposureto doses>500 ~.xg
As/Kg/d cancauseseriousblood, nervoussystem,gastrointestinaland other ill effects

andalsomayleadto death(Fredericket al., 1994).

Chronicexposuresaredueto low concentrationsofarsenicandrelatedwith the drinking
watercontamination.Themostcommonsignsof long-term,low-level arsenicexposure
from drinking water are dermal changes.Sign and symptoms of chronic arsenicosis

(diseasecausedby drinking arsenic contaminatedwater) differ in manifestationsin

different countries. In Bangladeshskin manifestationsare prime and common. The
clinical manifestationsare categorizedin the following stages(Khan & Ahmed, 1997,

Hussain,1999).

Preclinical : Thepatientshowsno symptoms.Not detectableby clinical

stage manifestation.

Initial stage : Blacking of somepartsof thebody or wholebody(Melanosis)
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Thickeningandroughnessofthepalmsandsoles(Keratosis)

Rednessoftheconjunctiva(Conjunctivitis)
Inflammationof therespiratorytract

Nauseaandvomiting (Gastro-enterities)

Secondstage White intermittentdotswithin theblack area— Leucomelanosisor
rain droppigmentation(Depigmentation)

Nodulargrowthon thepalmsandsoles(Hyperkeratosis)

Swelling ofthefeetandlegs(Non-pitting Oedema)
Peripheralneurophathy

KidneyandLiver disorders

Laststage Gangreneof thedistal organsorthepartsofthebody

Cancerof theskin, lungsandurinarybladder
Kidney andLiver failure

In Bangladesh majority of the patients are found in the initial and second stages.

Thepalm, truck andsoleofarsenicosisaffectedpersonsareshownin figure 2.2.

Figure 2.2: Melonosisand Kerotosis of arsenicosispatients.

Melanosisof the palm Kerotosisof the palm

Melanosis of the trunk Kerotosis of the sole
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Whenarsenicis absorbedinto the humanbody, the major portion is excretedin the

urine(approximately50%),a small portionvia the faecesandthroughthe skin, hair and

nails andpossiblya tracethroughthe lungs. Even if only a small amountof arsenicis
absorbed,a portion of the amount absorbedis depositedin the skin, hair and nails.

Storagein thesemetabolically‘dead’ tissuesis responsiblefor theslow elimination rate
of arsenicfrom the body. Arsenic in thehair,urine, andthenailshasthusbeenusedas

an indexfor monitoringthe exposureof victims to arsenic(Daset a!., 1995).

As earliermentioned,arseniccontaminatedwater is tasteless,colorless,odorlessand

evenclear, tangibleeffectsof groundwatercontaminationusually come into light long

aftertheactualcontaminationhasstarted.It maytake1-14 yearsafter startingto drink

arsenic-contaminatedwaterfor symptomsto appear.This perioddependson theamount
of arsenicingested,the length of exposureand immunity level of the person.People
with poor socio-economicand nutritional status are also more vulnerableto arsenic

poisoning.Most arsenicsymptomsareconfusedwith malnutrition, andit is further true

that most olderpeople,40 yearsandabove,deficient in vitamins A, C, and E aremost
susceptibleto arsenicrelateddiseases(adaptedfrom Chowdhury,1998).

2.7 SOCIAL IMPACTS

Although arsenicosis,is not an infectious, contagiousor hereditarydisease,but it

createsmany social problemsfor the victims and their families. A large numberof
people due to their ignorance,superstitionsand lack of information, considerthe

diseasecausedby arsenicas ‘curse from the God’. Patientssuffering from arsenicosis

are often ostracizedsocially asmost of the peopleconsiderit like leprosyor other

contagiousdisease.It is very difficult to arrangemamagefor a young girl affectedby
arsenic.Someaffectedhousewivesaredivorced by their husbandsand evenforcibly

sent to their parentalhome with children. In fear of social problem, some affected
peoplefeel hesitationto expresstheir illness, which ultimately will complicatetheir

diseasecondition(adaptedfrom Milton etal., 1998).

2.8 ARSENIC REMOVAL: AN OVERVIEW

Effective removalof arsenicis a complicatedtaskdue to different forms of arsenicin
groundwater.It requirescombinationsof severaltreatmentmethods.In a large-scale

application, such as urban and industrial water treatment plants there are established

technologiesfor achievingreliable separationof arsenic.However, it requiresskilled
staff, goodmonitoringequipmentandawell-managedfacility.
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The different treatment technologiesfor arsenicremoval can be divided into two

categories.These are conventional treatment technologiesand advance treatment
technologies.The existing treatmentprocessesfor otherpurification purposescan be
appliedfor removingarsenic.Severalresearcheshavebeenfocusedon improving the

efficiencyof coagulationwith metalsaltssincethesetechnologiesareavailablein most

of water treatmentfacilities. OtherconventionaltreatmenttechnologyincludesFe-Mn
oxidationand lime softening.Theadvancetreatmenttechnologiesfor arsenicremoval

show promisingresultsat the laboratory.However,thesemethodsare limited to pilot
scaleor small scaleandmostlynot yetprovenat full-scaletreatmentplants.

Conventional Treatment Technologies

i) Removalbyaddition ofa coagulant: Potable water treatment with coagulants has

traditionallybeenusedto reduceturbidity by removingnon-settling,slowly settling

solids from sourcewater. Dissolved inorganiccontaminants,suchas arsenic,can
alsobe removedduringcoagulationtreatmentwith alum orferric chloride through

adsorption,occlusion,andsolid-solutionformation(Benefield& Morgan,1990).

The type of coagulant,dosageandpH effect the efficiency of the process.Alum
performanceis slightly lower than femc sulfate.Otherswere also less effective

than ferric sulfate. Disposal of the contaminated coagulation sludgeis a concernof
this process.

ii) Fe-Mn Oxidation: According to Edwards (1994), the geochemistryof arsenic
revealsthat high arsenicconcentrationsare often correlatedto high Fe(II) andlor

Mn(II). During Fe(II) and Mn(II) removal the arseniccan be removedthrough

oxidation. Fe(II) and Mn(II) leads to the formation of hydroxidesthat remove
soluble arsenic by co-precipitation or adsorption reactions. He observed that

removal of arsenicduringmanganeseprecipitationis relatively ineffective when

comparedwith iron. In general,arsenicremoval is controlledby thequantityof iron
removed (Fe(OH)3 formation) but is relatively independentof the quantity of

manganeseremoved(MnOOHformation).

Rashid (1996) achieved74% of As(III) removalby aerationof 5 mg/i of Fe(II)

followed by filtration. The initial As(III) concentrationof rawwaterwas 200 ~ig/l.
TheeffectofpH on As(III) removalin his study is shownin Figure2.3.
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Figure 2.3: As(IT1) removal asa function of pH (equilibrium) by oxidation of 5

mg/I Fe(ffl).

iii) Lime Softening: Arseniccanbe removedeffectively from hardwaterby lime and
excesslime softeningtreatment,with the amount of removal dependentupon the

pH andthevalenceofthearseniccontaminant.TheAs(V) is morereadily removed
from hard water than As(III) and that removalsof both forms increasedwith
increasingpH. The resultsof the lime softeningon well waterhaving an initial

hardnessof around 300 mg/i asCaCO3 are shownin Figure 2.4. At pH 10.5 and

abovealmost 100 percentremoval is possibleon water spikedwith 0.4 mg/I of

As(V). The best removal of As(III) is about 80 percentat pH 11.1 and above.
Below the optimum pH, with As(V) and As(III) removals decreasedwith

decreasingpH, with arsenicV removalsalwayshigherthanAs(III) removals(Sorg

& Logsdon,1978).

Figure 2.4: Effect of pH on arsenic removal by lime softening
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McNeill and Edwards(1997) demonstratedthat Mg(OH)2 wasvery effective for

sorbing arsenate,producing >90% removal in bench-scaleexperiments.The
presenceof carbonatedecreasesarsenateremovalby Mg(OH)2. Addition of asmall

amount of iron to waters before softening can dramatically increasearsenate
removal.

Removal of arsenic compounds by absorbents, ion-exchanging materials and
membrane technique.

i) ActivatedAlumina: Activatedaluminais aluminumoxide (A12O3) grainsprepared
in a way that the grainshavehigh sorptivesurface.The specific surfacecouldbe

200-300 m
2/g. When the water passesthrough packed-bedconfiguration of

activatedalumina,arsenicand other compoundsin the water areabsorbedat the
surfacesof grains. The capacityof activatedalumina for arsenicis strongly pH

dependent.As(V) is effectively adsorbedin the pH range 4-7 (Gupta & Chen,
1978). Both As(III) and As(V) species are adsorbed by activated alumina.

Activated alumina is highly selectivetowardsAs(V); and this strong results in
regenerationproblems,possibly resulting in 5 to 10 percentloss of capacityfor

eachrun (EPA, 1998).

ii) ActivatedCarbon: Huang & Fu (1984) carriedout experimentswith 15 different
gradedactivatedcarbonpowderto removeAs(V) from water.Treatmentwith these

activatedcarbonsmetdrinking waterstandards(0.01 mg/i). The surfaceareafor the

activated carbons studied ranged from 550 to 1700 m2/g, but there was no
correlation between adsorption density and specific surface area in As(V)
adsorption.Electrostaticattractionand the formation of specific chemicalbonds

were the major adsorptionmechanisms.Maximum As(V) removal (61%) was

occurredatpH 4 to 5.

iii) Iron CoatedSand: Iron oxide-coated sandcanbepreparedby mixing ferric nitrate
(Fe(NO

3)3.9H2O) solutionwith washedand dried nversandfollowed by drying in

oven and washingwith distilled water.Joshi& Chaudhuri(1996) reportedthat in

the laboratorystudy with an initial concentrationof 1.0 mg/l As (III) and As(V),

iron oxide-coatedsandachievedtheWHO provisionalguidelinevalueof 0.01 mg/i

arsenicin drinking water. However, the study did not addressthe effect of some
important factors, such as possible selectivity of As(III) and As(V) over one

anotherfor removal, waterpH, concentrationand type of competinganions and
cationsthat sorb andaffect surfacechargeof the mediumor form solublearsenic

complexes.
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iv) Zeolite: Ningnoni (1999)hasstudiedtheAs(V) removalfrom groundwaterby using

uncontionedandconditionednaturalzeolite(clinoptilolite). Theconditionedzeolite

performedbetter with the efficiency of 77.3% to 89.0% comparedto 6.7%
efficiency of the unconditionedone. The capacity of zeolite for As(V) uptake

obtainedin this study is 62 ~igAs(V)/g zeolite(0.0008mmole/g),which is very low

comparedto thecapacityofactivatedcarbon(0.27mmole/g)asfoundin a research

by Rajakovic(1995).

v) Ion Exchange: It is an adsorptionprocesssimilar to activated alumina, just

mediumis a better-definedsyntheticresinwith well-definedion exchangecapacity.
The processis normally usedfor removalof specific undesirablecation or anion

from water.Whenthewatercontainingarsenicpassingthroughthe syntheticresin,
the arsenicexchangesfor the chlorideions, which is loadedat the exchangesites.

Eventuallyit requiresregenerationaftertheresinbecomesexhausted.Theprincipal
regeneratedagentis chloride,i.e., a saltsolution.

Arsenicexchange

2R-Cl + HAsO4
2~= R

2HAsO4 + 2Cl~

Regeneration

R2HAsO4 + 2Na~+ 2Cl = 2R-C1 + HAsO4
2 + 2Na~

WhereR standsfor ion exchangeresin.

Like the otherarsenicremovalprocesses,it is importantthat arsenicis in the +V

oxidation statein orderto achievethe best removalefficiency. However,theneed

to oxidize the As(III) could result in damagingthe resin by the excessof the

oxidation agents.The removal capacityis dependenton sulfate contentof raw
water as sulfate is exchangedbefore arsenic.One minor advantageof the ion
exchange process is that the performance is less dependent on pH (Dahi, 1997).

vi) Membrane Techniques: Reverseosmosis,Electrodialysisand nanofiltration are
membranetechniques,which havebeendemonstratedto be efficient in removing

arsenicfrom water.Thewatershallbefree from suspendedsolids andthearsenicin
water shall be in As(V) form. Most membranes,however, can not withstand

oxidizingagent.

RO can provide arsenic removal efficiencies of greater than 95 percentwhen
operatingpressureis at idealpressure.(EPA, 1998).

Thesehigh techmethodsare of no interestin developingcountrieslike Bangladesh

becauseoftheirhigh costsandrequirementof skilled operationandmaintenance.
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Applicability of arsenicremoval technologyin Bangladesh
Arsenic removalcanbe achievedby using any of themethods.The bestmethodfor a

specificpurposedependson therawwaterquality, effluent waterquality requirement,
the financial conditions,availableskills of staffs,monitoring equipmentand system

and management capabilities etc.. Unfortunately, Bangladesh has very limited
experienceon watertreatmentunits. The rural water supply schemein Bangladeshis

mainly handpumpbased.Thereis no distribution network for the rural water supply

system. The economical status, demographicand sociological conditions do not
presentlypermit the installation of large-scalewater treatmentplant and associated

transport and distribution system. Even the urban water supply system faces the
problem of inefficient state-owned management, unskilled technical staff, capital

shortage,inferior quality materials,inadequatepowersuppliesetc.Thearsenicremoval
technologyfor the rural areawill be householdbasedor small community based.

Arsenic removal by addition coagulation and Fe-Mn oxidation can be applied in

household based or small community based.The requiredchemicalsare relatively
normally availableandrelativelycheapcomparingto thechemicalsofotherprocess.

Arsenic removalby addition of alum in a two-bucketsystem has been introduced

recently by a project in an arsenic contaminatedarea. The initial result of this
coagulationsystemshowsthat thehouseholdcanoperateandmaintainthesystem.

2.9 ARSENIC MITIGATION TECHNOLOGIES IN BANGLADESH

As statedearlier thatthe arseniccontaminationproblemhasbeenidentifiedrecentlyin

Bangladesh.There is still no proventechnologythat can be applied at the rural area

confidently. Various agencies/organizations are now working on thearsenicmitigation
technologies.However,very limited technicalpapersare available on their research

methodology and findings. It may also be pointed out that many of thesearsenic
mitigation technologiesarestill in a researchordevelopmentstage,sothat revisionsin

designmay follow. Also, field level testingof technologiesunderdifferent conditions

andat userlevel is yet to be done in many cases.This paragraphis thereforconcluded
with sectionthat translatesthereviewoftechnologiesinto an adviceon their immediate

applicabilityin therural areaofBangladesh.

2.9.1 WATER SOURCES AND THE NECESSITY OF TREATMENT

The rural water supply systemin Bangladeshseeksto remedythe intake of arsenic

contaminatedwaterby the applicationof a varietyof water supply technologies.The
selectionof the appropriatetechnologywill be situationspecific. Thetechnologiesare

treatment of arsenic-affectedgroundwater, and the replacementof the arsenic-
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containinggroundwatersourceby an arsenicfree source.The arsenic-freesourcesare

groundwaterfrom otheraquifers,rainwaterand surfacewaterfrom ponds,andif worst
comesto worst,tankertruckwaterorbottledwater.

The choice of source and relatedtechnologyneedsto be very carefully considered,
particularly in terms of public health considerations.The categorizationfor the

prioritization of sourcesis particularly relevant in this respect.For example,when
moving away from arsenic-containinggroundwaterto surfacewater, one dangerous

contaminant,arsenicwill be replacedby anotherequally or more dangerousone,

pathogens,the removal of which will requirewater treatmentranging from simple
disinfectionto slow sandfiltration with pre-treatment.In the public health sense,a

moveto unpollutedgroundwateror rainwaterwill bemuch less risky, asthis wateris
free of any significant contamination.The different watersourcesand the associated

needfor watertreatmentis shownin table2.3.

Table 2.3. Water sourcesand the needfor treatment

Sourceof Water Concentrationof Needfor Treatmentto
reduce

Arsenic Pathogens Arsenic Pathogens
Groundwater >0.05ppm Negligible~ Yes No 2)

• <0.05ppm Negligible~ No No2~
Rainwater Negligible Negligible1~ No No2~
SurfaceWater Negligible Significant No Always

1) exceptwherewaterabstractiontechnologieshavenotbeenproperly installedor maintained
2)penodicdisinfectionmaybeconsidered

2.9.2 CATEGORIZATION OF OPTIONS

The arsenic mitigation options can be categorized in 4 groups. These are follows:

1. Arsenic reduction option: Removal of arsenic to an acceptablelevel by simple
treatmentofwaterfrom thepresentsource.Example- Householdarsenictreatment

by buckettypemethod.

2. Replacementof sourceoption: Developinga sourcewith an acceptablearsenic
level. Example-A new arsenic-freewell, rooftop rainwaterharvesting,and pond

waterwith adequatetreatment.

3. Sourcesharing option: Obtainingdrinking water from a neighboringunsuspected

source,whilst continuing to draw for otherusesfrom the presentwell. Example-

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh 24



M.Sc. Thesis Department of Sanitary Engineering

Arrange permissionto take or buy a certain quantity of water from a nearby,

arsenic-freewell.

4. Importedwater option: Getting wholesome water carried in from elsewhere.
Example- Tankertruckwater delivery, andbottledwater.

2.9.3 ARSENIC REDUCTION OPTION

If thegroundwateris contaminatedwith arsenicabovethethresholdvalueof0.05 mg/l,
which is mostlikely in wells with a depthbetween10 and 70 m, then thegroundwater

abstractiontechnologieshaveto be combinedwith attachedor separatearsenicremoval
treatment devices. Attached devices are treatment modules that are installed in, at or

near the pump, while separate technologies are those where arsenic-contaminated water

is carriedhome,andtreatedthere.Thesedevicesaredescribedseparatelybelow, and
include both tested and untested technologies, as well as technologies subject to

ongoing research.

a. Attached Devices

a. 1. Iron-removal plant

Ironremovalplantsusuallycombineaeration,coagulationandfiltration. Theyareused
for iron removalbut, if present,arsenicco-precipitates.Thearsenic-removalefficiency

improveswhen alum added.The plant consistsof stapledgravel, sandand filtered
water chambersin senes,with a downward gravity water flow. It often usedas

community-basedsystem. Reportedly, removal efficiency varies widely, mainly

between55%and 95%(Liang, 1998).

a.2. DANIDA — designedarsenicremovalunit
The DPHE-DANIDA UrbanWaterand SanitationProjecthas developeda prototype

filter to remove arsenic from tubewells. It can serve up to 25 families or 200
individuals. This arsenicremovalunit (ARU) comprisesone compactunit. Thereare

five compartmentsinside that unit: buffer chamber to control chemical addition,
mixing chamber, aeration chamber; and chemical stock solution. The removal

efficiency is reportedly70% (from about0.14 arsenicmg/l). Alum dosing wasabout

200-300 mg-alumll.

b. Separate,Household-basedDevices

b. 1. Bucket typeremovalby coagulation
In this process, a suitable dosage of coagulant (Alumlferrous sulfate/ferric chloride)

and bleachingpowerare addedto a plastic bucket (10 to 15 liters) containingraw
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water.The chemicalsare mixed by fastmanualstirring for a minuteandslow manual

stirring for half an hour. A settledfloc is formed during the processof stirring. The

water is kept undisturbedfor about4 hours so that the flocs settle. The supernatant
water is drawn out slowly and carefully and stored for drinking purposes.It is

suggestedthatthewatershouldbe filtered with a simplecloth filter beforefinal usefor
removingthe micro-sizedflocs. The reductionin arseniccontentvaries dependingon

the concentration and natureof arsenic, concentration of iron, pH, hardness,contact
periodandtypeanddosagesof coagulants.Addition of bleachingpowdercanimprove

theremovalefficiency.

A Two-bucket system can be used for this purpose.The first one is usedfor mixing

the coagulantand bleachingpowder,floc formation and settling. The secondone is

for collection and storageof treatedwater. DPHE’s Urban Water and Sanitation
Projectis promotingthetwo - buckettypemethod.

b.2. Chemicalpackagetreatmentat householdlevel
Different types of chemicalpackageshave beendistributedin the form of teabags

form for treatingarseniccontaminatedtubeweil water. A strong chlorine smell was

observedin a widely distributedteabag form chemicalpackage.It was claimedthat it
couldbring the arsenicconcentrationbelow the WHO standard.Theefficiency of the

packageswas not scientifically investigatedand the efficiencies claimed must be
viewed with caution. The people’s acceptancefor this method was very low, on

accountofthe strongsmellandpoorpalatability.

b.3. Bucketremoval- Spontaneousprecipitationofarsenicby storage

Arseniccanbe reducedspontaneouslyby leavingthewaterundisturbedover 24 hours
without addingany chemicals.Then the top portion of is separatedout slowly. The

arsenicremoval in this method is highly dependedon the compositionof the water,
especiallythe iron content.Themethod producesbetter resultswith high initial iron

concentrations.The method is promotedby a few major agencies.Arsenic removal

efficienciesusing this approachare typically 20-70%which may not be sufficient to
reducethe arsenicconcentrationto the desiredlevel but it could at leastprovide an

emergencyoptionto reducetheintakeof arsenic.

b.3. Cartridgefilters

Filter units with cartridgefilled with sorptivemediaor ion-exchangeresinsarereadily
available in the market. Theseunits remove arsenic like any other dissolved ions

presentin water.Theseunits arenot suitablefor waterhavinghigh impurities andiron
in water.Presenceof ions havinghigheraffinity thanarseniccan quickly saturatethe

mediarequiringregenerationor replacement.The initial and operationcosts are high

andbeyondthereachofthecommonpeople(Ahmed, 1999).
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b.4. Sand-khoa(brick chip) filtration

This householdfiltration unit has been developedbased on traditional household
practices.This follows slow sand filtration technique.It consists of two or more

filtration units; the units are placed one under the other. Earthenwide mouthedpits
with about 15-liter capacityareusedto form the filtration units. Eachpot containsat

leastonelayerof brick chipsfollowed by layerof sand.Threepiecessyntheticornylon

cloth cover thetop layer,betweenthechips andsandlayerandcoverthebottominside
partof the pot. One to three small holes should be made at the bottom of the pot. The

units require cleaning and disinfection at regular intervals to avoid the growth of

bacteria.

This aeration-filtration unit for arsenic treatment reportedly provides 60-100%

reduction of arsenic depending on the initial arsenic concentration, proportion of

arsenic(III) andpresence/concentrationof iron.

2.9.4 SOURCE REPLACEMENT OPTION

The arseniccontaminatedgroundwatersourcecan be replacedby uncontaminated
groundwatersource, surface water source or rainwater source. Uncontaminated

groundwatersourcecan be divided into threegroups: groundwaterup 10 m depth,

groundwater below 200 mdepth and groundwater in intermittent depth (normally 10 to

70m).

GroundwaterSource

a. Groundwater up to 10 m

a. 1. Very Shallow Shrouded Tubewell (up to 10 m depth)

This is a low-costtubewellabout8 m in depthwith 2 m strainershroudedwith coarse

sand.TheVSST is designedto be fitted with a handpumpandcollectswaterfrom very
shallow aquifers formed by displacement of saline water by continuous flow of

accumulatedfresh water.The lensesof freshwater formedby this processare found
beneathold pondsin coastalarea.In manyareas,pondsaredry up but freshwaterin

shallowaquiferremainsbeneaththepond. Immobile preservedaquifersare also found

at shallowdepthsat various locationsin the coastalarea. It is convenientmethodfor

withdrawalof freshwater in limited quantity. Identificationofexistenceof freshwater

pocketsis difficult. Thelife spanofVSST is alsoshort.

a.2.Dugwellwith handpump

Dugwellsarelargediametershallowwells for groundwaterextraction.Thisusedto be

acommonoption for potablewaterbefore the successof tubewellprogram.Waterof

thesedugwells have beenfound to contain nil or negligible arsenic(below WHO
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standard)in many arsenicaffectedareas,for example, Singair, Matlab, etc. But this

wateris generallyhighly contaminatedwith fecal bacteria.

A dugwell can be used with handpumps following its disinfection (chlorination), the

installationof a raised,protectiveplatformover the entire opening,andthe sealingof
theupperportionofthewell to preventseepageinto thewell ofpollutedwaterfrom the

groundsurface.This systemprovidesnil or acceptablecoliform bacteriaand arsenic
contamination. The disinfectionlchlorination of the dugwell was requiredat a certain

frequency.A dugwellcanbe lined with brick masonry,cast-in-situconcreteor pre-cast

concreterings (ringwell).

b. Groundwater more than 200 m

DeepTubewell(locally up to 300m)

A tubewellinstalledto withdrawwaterfrom deeperaquifersis calleda deeptubewell.
In thecoastalbelt, thedepthof deeptubewellcango up to 300m. It is possibleto drill

a deeptubewell by simplemanualmethodin the unconsolidatedsoil. Thesetubewells

arealsooperatedby hand.

Motorized deeptubewell is anotheroption to abstractgroundwater from a greater

depth. Submersiblepumps are commonlyusedfor static water levels below 30 m.

Theserequirea largediameter.Usually, submersiblepumps deliver water to storage
reservoirsfrom wherewateris drawn.

C. Groundwater between10 to 70 m (other location)

The reasons and extent of the arsenic contamination is not yet clearly understood. It has

been observed in many instances that an arsenic free groundwater source is identified
within a limited distance from an arseniccontaminatedtubewell in deeperdepth

(within 70 m). The installationof a new tubewell in this depthshould be carriedout

with due attentionon thewaterquality (level of arsenicin thatwater).However,there

is no scientific basis on how long the newly installed tubewell will serve without

arsenic contamination.

RainwaterSources

Rainwateris pure and a preferredsourceof drinking water in many countries.If
collected from an elevated surface such as a roof and stored in a hygienic mannerit is

usually suitable for drinking without treatmentand is only very rarely contaminated

with pathogenicorganisms.The rainwater is free from arsenic contamination.The
rainwaterharvestingsystemrequiresa roof of a particularminimum size to collect
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water, and a storagetankwith an adequatevolume to ensurecontinuedsupply over
prolonged dry periods. The monthly rainfall figures and rainfall patternsuggestthat

rainwater harvesting is a potentialsourceofpotablewaterin Bangladesh.

Themost suitablerooftop surfacesarecorrugatediron sheet,althoughtiled roofs can

also beused.Thatchedroofsposeproblemsastherunoff is lower and generallyof a
lower quality. Rooftop catchmentsystemscollect rainwaterprecipitatedon the roof

using gutterand down-pipes(madeof local wood, bamboo,GI or PVC) and leadit to
one or more storagecontainersranging from simple pots to largemasonryconcrete,
andfenocementtanks,or evendisused,sealedwells.

A rainwaterstoragetankcanbe constructedat eachhousefor individual householduse,
but communaluseof rainwateris alsoan option,particularlywherehouseholdroofare

not suitable.At communallevel, a tank canbe constructedfor fewhouseholdsusinga
single or multiple roofcatchments.Also, watercanbedrawn from the roofsof public

buildingsandstoredin communaltankswith public taps.

SurfaceWaterSources

Surfacewaterhasshown nil or negligible concentrationof arsenic.But then surface
wateris oftenbiologically andphysically contaminated,andcanonly be ingestedafter

prior treatment.Surfacewater in Bangladeshmay be found in rivers, streams,lakes,

canals,andponds.

Pondsservedasa prime dnnking watersourcein earliertimeswhengroundwaterwas

not widely usedand extremecare was takento protectand maintain theponds.After

the introduction of groundwatertechnologies,the ponds have gradually lost their

original use,and are nowadaysneglectedor put to otherusessuchas fish farming,
sanitarydrainageoutlet, cattlewateringandwashing,etc..Waterdrunk from this type

ofmodern-daypondcarriesahigh risk of diarhoealdiseases.

Pond water
Pondwaterwill be classified here in two types:thetypewith little or no pollution, and

the pond with limited pollution. The initial indicator usedto classify a pond is the
turbidity. In thecourseofproject development,moreparametersneedto bedetermined

to establishthequality of pondwateranddeterminetreatmentneeds.

Pondwatercanbeusedfor thedrinking purposesaftersimple treatment,if thepondis

protectedagainstthe unwantedflows. There should be arrangementsin place to
guaranteethat the pond is free from humanaccess,livestock watering and bathing,

washing clothes, garbagedumping, drainage of irrigation return flows, rainwater
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runoffs, sanitary nmoffs, fish farming etc.. The pond that will be consideredfor

drinking purposeswith limited treatmentshouldbe filled with therainwateronly, and
not be usedfor any otherpurpose.For drawing water from the pond, a mechanical

deviceis required,sothat peopledo not needto enterthe pondandcreatehealthrisks.
Thewatercanbe abstractedby simplehandpumpsmountedon aplatform constructed

overor by thesideofthepond.

Pondwaterfrom thecleanerpondscanbetreatedright atthe pond,or atthehousehold.

Severalsimple treatmentmethodsare available to treat this pond water. The most
important objective of treatment is to bring down the presenceof pathogensto
acceptablelevels. The Bangladeshstandardfor bacteriological quality of drinking

wateris onefecal coliformperonehundredmilliliter ofwater(1 FC/100ml).

a. Pondwaterwith turbidity <1 NTU andFecalcoltform <10/100 ml

If thewaterquality of the pondis in the aboverange,thewater canbeusedwith only

simpledisinfection.It maybe notedthat this a fairly hypotheticalcase.In reality, very

fewpondsareexpectedto meetthe abovecriteria.

Thesimpledisinfectionmethodsareasfollows:

a.1. ChlorineTablets
Theeasiestway to disinfectdrinking wateris to addchlorine tabletsto it. Thesetablets

canbe boughtin a chemistryorpharmacy.Thetabletsarequitecheap,but to usethem
continuallywill turn out to bevery expensive.Therefore,theirusecouldbe limited to

periodswith increasedrisks, for instanceduring epidemics. If the turbidity of the

surfacewater is within the acceptablelimit, the methodcan be appliedonly during
high-riskperiods.This methodmaygive adistincttasteof chlorine to thewater.

a.2. Bleaching Powder

Anothermethodto disinfect contaminatedwateris to adda bleachingpowdersolution.

Thevolume ofthebleachto beaddedshouldbe givenby a specifiedinstitution,like a
Public Health Laboratory.It takesaboutone hour for the chlorine in this solution to

destroythebacteriain thewater.Applicationof this methodrequiressometrainingand

somespecializedtools. This methodalsomay give a distinct taste.Bleachingpowder

usually loseshalf of its strengthwithin aperiodofoneyear,evenstoredin acool dark
place.

a.3.Boiling

Boiling kills the disease-canyingorganismsin water.Justbringingwaterto theboiling
point is not sufficient to kill all microorganismsthatmaybe presentin thewater.To be

totally safe for consumption,watermust be boiled for twenty minutes.This is quite

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh 30



M.Sc. Thesis Department of Sanitary Engineering

long andexpenditureson firewood or otherfuel will be high in the long run. To boil

waterfor a few minutesis any casebetterthannotboiling it at all.

a.4. Solar disinfection (SODIS)

This technique has been developed by SANDECIEAWAG.The principle of this

technique is usesolar energyto inactivate and destroypathogenicmicroorganisms

present in the water. The treatmentbasicallyconsistsin filling transparentcontainers
with waterandexposingthemto fill sunlightfor aboutfive hours.This processis based

on the useof solarenergyonly. This processhasbeenfound satisfactoryto disinfect
small quantities of water used for consumption.

Solar radiationcanbeusedto disinfectany water.With dugwellwaterSODISshowed
better resultsthanpond waterbecauseit hadlower initial bacteriologicaland organic

pollution thanpondwater.TheSODIStreatmentprocessis still understudy.

b. Pondwater with turbidity <10NTUandFecalcoliform <100/100ml

The pond water quality in this range requires more treatment than only disinfection.

The water can be treated at the household level with the simple treatment method.

Thesetreatmentmethodsmustbe combinedwith any oneof thedisinfectionprocesses

describedearlier.The simplehouseholdtreatmentprocessesareasfollows:

b. 1. ConventionalHouseholdFiltration
There are different types of conventional filtration units used in Bangladesh and

elsewhere.Mostly, the filtration processis based on the principle of slow sand
filtration. These filters usually will reduce the number of fecal coliforms and

pathogenicbacteria.However, becauseof commonnegligentmaintenancethere are

reservationsabout the continuousreliability of householdsand filters to produce

bacteriallypurewater.

Oneof thecommontypesof household of filtration is Pitcher(Kalshi) filter. This type

of filtration wasusedwidely in therural areasfor treatmentof surfacewater. But, this
method hasbeenphasedout with the introductionof handtubewells at the village

levels in the lastdecades.This processcannot producecompletelybacteriologicalfree

water.

b.2. Commercial Household Filter

Different typesof modern, mass-manufactured filtration units are available in market.

Oneof thesecommonunits is knownasthePuritasfilter. Independentresearchresults

on the performanceof cheapand commonlyavailable filters for pond or ditch water
treatmentcouldnot be located.
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b.3. Householdtreatmentby usingalum
Alum canbe usedto treatthepondwaterat thehouseholdlevel. This canbe doneby

addingalum to a bucketof water,mixing thoroughlyand allowing to sit for at least 1
hour. The clear top water is separatedcarefully. The water is generallysafe for

drinkingpurposes,maytasteacidicand bitter.

b.4.MoringaOlifera Seeds

This technique has been developed by SANDEC/EAWAG. Powder of Moringa

Olieferaseedis usedascoagulantto reducethe turbidity of the rawwater. It hasbeen
reportedthat powderof two MoringaOlifera seedscanreducetheturbidity within the

acceptablerange within one hour. There are three types of Moringa Olifera are
available in Bangladesh and the removal efficiencies may vary with the type of

Moringa Olifera. This treatmentprocessis still understudy (personalcommunication

with SDCproject).

c. Pondwater with turbidity 10-100NTU

The pond sand filter at the pond site is the technical solution for the pond water

containingtheaboveturbidity.

c.l. Pond Sand Filter

A pondsandfilter is a manuallyoperatedsmall filtration unit usedto treattheadjacent
pond water using the principle of slow sandfiltration. Brick chip (khoa) and sand

chambersare arrangedin series. Water is pumpedfrom pondsthrough filter piped

connectedto a bent PVC pipe joined to a headassemblyof commonly available
shallow handpumps.Ponds,which are more or less protected from indiscriminate

pollution and holds water roundthe year, are selectedfor this purpose.The another
suggestedguideline aboutthe pond sandfilter is the salinity and iron contentof the

pond water must not exceeded 600 mg chloride /1 and 5 mg/l respectively at the any

time oftheyear.

2.9.5 SHARING ARRANGEMENT OPTION

It hasbeenobservedthat therearelargedifferencesin the extentof contaminationof

the shallow tubewellsin different districts, from ‘hardly affected’ in the northwestto

‘nearlyall affected’in thesoutheast.Thepatternofarseniccontaminationis irregularin
the medium arsenic contamination area. Also, theremaybe someoccasional‘hot spots’
in the low arsenic contamination area,and vise-versa. Researchalso showedthat not

all the tubewells in an effected area would necessarily show a too high arsenic

concentration. Also, it was concludedthat changesin arseniclevel are likely to be
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slow, and if they occur, will happenover time scalesof years and decades.The

implicationof all this is that theusersof anarsenic-contaminatedwell mayfind ways

to satisfy their drinking water requirementfrom a nearby arsenic-freewell. An

arrangementmay be requiredto allow suchwater collection with the owners/usersof
that well. The arrangementcould include for paying the cost of waterthroughflat or
gradedrates, or cashpaymentwhen drawing at the source(vending). Community

mobilizationis requiredin boththe deprivedandprovidingcommunitiesin thiscase.

2.9.6 BOTTLED WATER/TANKER WATER OPTION

These are measureswith an emergency character that may however need to be

implemented for a prolonged period of time. At this time, these measures are not

applied in rural areas of Bangladesh, primarily because of their high cost. Thesemeans

of supply must be consideredhoweveras a last resort in arseniccontaminatedareas
wherethedevelopmentofothersourcesis not feasibleandwherewatersharingproves
impossible. Here bulk water needs to be trucked in, or bottled water made available.

Tankertruckscancollect thewater from nearbymunicipal suppliesor irrigation wells,

anddistribute the arsenicfree safewaterto a specificvillage to a certaintime of the

day.Alternatively, if available,or constructedundertheproject,thearsenic-freewater
canbe depositedin a servicereservoirfitted with public taps. As an alternativeto
tankerwater, bottled water may be distributed. For this, the village shop may be

stockedwith bottledwater. Costrecoveryis an importantconstrainthere.The costof

tankerwaterand bottled water may prove prohibitive, and the pricing and possible
subsidizationof arsenic-freewater must be decidedwith the public health motive
foremostin mind. In principle, this drinkingwatercanbe sold to thevillagersthrough

flat or graded rates, or cash payment when drawing from the source (tankertruck,

servicereservoiror shop).Thewaterquality of the tankerandbottledwatershouldbe
monitoredregularlyby theconcernedauthorities.

2.9.7 REVIEW OF TECHNOLOGIES

The information in the above sections of this paragraph is attempted to be captured in

theoverviewshownin theTable2.4.

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh 33



M.Sc. Thesis Department of Sanitary Engineering

Table 2.4. Technologiesfor Arsenic Mitigation in the arsenic contaminated area with,
arsenic removal efficiencyand applicability.

Type Source Technology ArsenicRemoval
Efficiency

Applicabiiz~yin the
rural watersupply

Technologies
for
groundwater
extraction

Very Shallow
Groundwater
<10m

Dug well + handpump

Very shallowshrouded
tubewell

Zero

Zero

Suitable*

Wherewater
pocketis available

Shallowto
medium
depth
groundwater

Suctionmodehandpump

Deep-sethandpump

Zero

Zero

Only where
As<0 05 mg/i
Only where
As<0 05 mg/I

Deepground
water
>200m

Manuallyoperated
handpump

Motorizedpump

Zero

Zero

Suitable*

Suitable*
Technologies
for Arsenic
Removal
from arsenic-
affectedwell
water

Attached
Devices

Iron removalplant

DANIDA designarsenic
removalunit

Variable (55-
95%)

Variable(around
70%forAs 0 14
mg/I)

If raw water
containshighiron

-

Separate
household
baseddevices

Bucket typeremovalby
Coagulation

Chemicalpackage
treatment

Bucketremoval-
Precipitationby storage

CommercialUnits

Sand-khoa(brick chip)
filtration

Variable (up to
100%)

Variable (70-
100%)

Highly vanable
(typically 20-
70%)
Not known

Variable(60-
100%)

Suitable(dosingis
important)

No

If rawwater
containshighiron

-

Technologies
for Ramwater
collection
and_Storage

Rainwater Rooftoprainwater
harvestmgsystem

Zero Suitable

Technologies
for treatment
ofpond
water

PondWater Disinfection

ConventionalHousehold
filtration and
disinfection

Commerciallyavailable
filter anddisinfection

Householdtreatmentby
alumanddisinfection

MonngaOlifera seeds
andsolardisinfection

PondSandFilter

Zero

Zero

Zero

Zero

Zero

Zero

NTU> 1 and
FC>l0/lOOml
NTU>10 and
FC>lOO/lOOml

-do-

-do-

Understudy

Suitable,but
requires
improvements

* - watershouldtestedfor As concentration.
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2.10 CURRENTLY ACCEPTABLE TECHNOLOGIES

A simple, affordable,technicallyfeasible and sociallyacceptablesafedrinking water
system in the rural areasof Bangladeshis very much in demand.Unfortunately,

Bangladesh’experienceis limited mainly to groundwaterexploitationfrom unsuspected

sourcesby meansof a handpumpmountedtubewell. Alternative water technologies
like rainwaterharvestingandpond sandfilters (PSF)arepracticed,but only in a very
limited way, and until recently, without much detailed study of technical, social,

financial and otheraspects.At present,triggeredby the arsenicproblems,many more

technologies are being actively researched,however until now without much
conclusive evidence regarding their efficiency andapplicability.

When taking in only the experiencesin Bangladesh,and consideringthe socio-

economicand technicalconstraintspresentedby theirpossibleapplicationfor village
water supply, only a very limited numberof technologiescanactuallybe confidently

promoted for the application to the arsenic contaminated areas in rural Bangladesh.

Theseincludearsenic-freegroundwaterabstraction(newwells), plusthe importationof
arsenic-freewater in bottled or tanker form (only a temporary solution, and very

expensive).

This selection is very limited and would not permit the useof treatedpond water,
rainwater, or treatedgroundwater.Such would ignore experienceselsewhere,and

discreditlong lastingbut poorly documentedexperienceswith conventionaltreatment
in Bangladesh. It is therefore proposed to allow the qualified use of other technologies.

Theseinclude a selectionof technologiesfor the abstractionand treatmentof pond
water, rainwater harvesting from roof catcbments, and the treatmentof groundwater

from arseic-affectedwells. The selectionhasbeenguidedprimarily by an assessment

of the technologieson the basison the availableinformationand would certainlybe

subjectto discussionand further developments.Table 2.5 showsa list of currently

acceptabletechnologiesfor immediateapplication in arseniccontaminatedarea.The
table requires review and revision from time to time, on the basis of new information

and insights.
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Table 2.5: The Currently AcceptableTechnologies

Application
Options

Householdlevel Community/Village level

Treatwaterfrom
existingarsenic-
affectedgroundwater
source(deepor
shallow_well)

— Bucket chemicallyassistedremoval No acceptableandappropnate
technologiesavailable(coagulation)1)

— Bucket spontaneousremoval(under
specifiedconditions2)

Startwith anew
arsenic-free
Groundwatersource
3)

Well < 10 m deep
— Very shallow shrouded Tubewell+

Handpump
— Dug well + Handpump

Well < 10 m deep

— Very shallow shrouded
Tubewell + Handpump

— Dug well+ Handpump
Well> 200mdeepS
— Deepwell + Handpump
— Deepwell+ motorized pump

and (limited) distribution
Startwitha
Rainwatersource4)

— Individual, Household-basedRainwater
Harvestingfrom rooftops

— RainwaterHarvestingfrom
rooftopsofpublzcbuildings

— RainwaterHarvestingfrom
houserooftopsto common
reservoir

Startwith a
Surfacewatersource

(pond)

PondNTU<1,FC<10/100ml
CommunitybasedHandpump abstraction,
followedby household-baseddisinfection
— ChlorineTablets5)
—BleachingPowderS)
— Boiling
— SolarDisinfection (SODIS)6)

PondNTU<10,FC<100/100ml
— CommunitybasedHandpumpabstraction,

followed by householdtreatment.(and
disinfectionasabove)

— ConventionalHouseholdfiltration 7)
—Householdtreatmentby usingalum 8)
— Treatmentby Moi-inga Olieferaseeds9)

PondNTU<l, FC<l0/lOOml
— Handpumped abstraction

plus household-based
dismfection(seeleft hand
box)

PondNTIJ<10,FC<l00/lOOml
— Handpumpedabstraction

plushousehold-based
treatmentanddisinfection(see
box to left)

PondNTU<l 00
—Pondsandfilter 10) and

optionaldisinfection(seeleft
handbox)

- Sharingarrangementbetween
existingandnewusers

Shareanexisting
source(deepor
shallow_well)
Import water - Bottled water - Tanker water
BAMWSP, 1999
Legend:Bold- provenin Bangladesh,Italics- provenelsewhereand consideredfeasible,Jtalics wit/i underlines-
Proven andusedin Bangladesh,buteffective only with duecare,Underline-Experimentalor ill-documented,but
consideredfeasiblewith duecare
Notes
I extremecautionwith dosingandsludgedisposal
2 actualremovalwater-matrixspecific, effluentAs may notbebelowstandard
3 Subject to testing for As, and FC (shallowwells only) Deeper, machinedrilled wells will be too costly for

householduse
4 Designguidelinesfor Bangladeshareyetto be established,penodicdisinfectionmayberequired
5 Dosingmustbeappropnate
6 Selectionof appropnatebottleandcorrectplacementof bottleduringusearecritical
7 Produceswaterwith slightiy elevatedFC, mustbeperiodicallycleanedanddisinfected
8 Appropnatedosingmustbedetermined,associatedriskof excessalum ingestion
9. Appropnatechoice to beadvised
10 Pond-sandfilter needsto bere-designedto reducepresentoperatingdeficiencies
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2.11 POTENTIALLY SUITABLE TECHNOLOGIES

Table 2.6 presentsa list of otherpotentially suitabletechnologies,distinguishingfor
household level solutions and community level solutions.

could possibly be applied in the future.

Table 2.6: The potentially suitable, additional technologies.

Some of these technologies

Application
Options

Householdlevel Communitylevel

Treatwater from existing
source(deepor shallow
well)

— Sand-Khoafiltration (aeration-
filtration)

— Chemicalpackage(improvement
required)

— Commerciallyavailablefilter -

local
— Commerciallyavailable

householdunits (membrane
distillation, ion exchange)

— HP + iron removal plant
(aeration)

— Arsenic treatmentat tubewell
site

— DANIDA designedarsenic
removalplant

— Arsenic treatmentinside
tubewell.

Startwith a
Surfacewatersource(pond)

— Commerciallyavailablefiltration
units- improved

— Roughingfilter + Slowsand
filter

BAMWSP, 1999

2.12 CAPITAL COST OF CURRENTLY ACCEPTABLE TECHNOLOGIES

An attempt is made to compare the estimated capital cost involvement of major

acceptable technologies in the Table 2.7. All technologiesaremeantto deliver 5 liters
of water per capita per day. The average family size is takenas 6. There are differences

of between the technologies especially in terms of water quality, level of service (e.g.,
walking distance),operationandmaintenanceeasiness,presentpractice,environmental

factors,level communityparticipationrequirementetc.However,the comparisontable
is preparedonly basedon the capitalcost, not consideringother factorsrelatedto the

technologyselection.
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Table 2.7: Capital costoftechnology

Technology Approximate
Capital Cost

(Tk)

No. offamiies Approx.Capital
CostperFamily

(Tk)
Shallow, arsenic-freegroundwater:
• VSST+handpump
• Ringwell + handpump

7,158
56,750

6
30

1,193
1,891

Arsenic-contaminatedgroundwater
• ArsenicremovalSbuckettype 1,500 1 1,500

Deep,arsenic-freegroundwater:
• DeepTubewell (200m) + handpump
• DeepTubewell + motorizedpump
a. with 1 village-levelreservoir
b with distribution to 20 cluster-leveltanks

46,028

1,021,050
1,768,100

30

600
600

1,534

1,701
2,946

Rainwater.
• Roofwaterharvestingsystem 7,725 1 7,725

Surfacewaterfrompond~
• Pondsandfilter 18,809 30 630

In theabovetable, perfamily capitalcostshavebeencalculatedusing the assumptions
madeabovefor family numberusinga system.Thetechnologieshavebeenarrangedin

orderof thewater sourceoptions.The per family costwhen calculatedthis way vary
betweena low Tk. 630 for the cluster-basedpond-sandfilter and Tk. 7,725 for the

family-based rainwater water harvesting system. Most technologies cost between Tk.

1000 and3000.(1 USS = Tk. 48.5).
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ARSENIC REMOVAl BY

APPliCATION OF A COAGUlANT

3.1 GENERAL

It reveals from the review of the different technologiesfor arsenicremoval that

conventional coagulation is the most promising low-cost arsenic reduction technology

for rural Bangladesh.It is alsoobservedthat thearsenicin the groundwater is always

associatedwith iron in groundwater.This study hastakena limited laboratoryscale

experimentto study the possibilities of identification of optimal coagulation(alum)

dose for different arsenic-ironvalue in the groundwater.The groundwatersamples
takenfrom Bangladeshhavebeenanalyzedto determinearangefor arsenicandiron in

thegroundwater.Jartestshavebeencarriedout with differentarsenic-ironspikedwater

by using different alum dosages.Experimentshave beenalso carriedout to test the
arsenicremovalpossibilitiesby original iron presentin thewater. Residualaluminum
in thetreatedwatermaybe concernfor using alum in thetreatmentprocess.However,

residualaluminumconcentrationhasnot analyzedin this study.

This chapterreviewsthepreviousstudieson arsenicremovalby coagulation,describes

theexperimentalprocedureanddiscussestheresultsof theexperiments.

3.2 ARSENIC REMOVAL PRINCIPLES BY COAGULATION

Coagulation is one of the most used conventional treatment processes for drinking
water treatment. The process comprises addition of coagulant, mixing, flocculation

(formationandgrowthof flocs) andremovalof flocs. Thehydrousoxidesof aluminum

and iron formed during coagulationprocessare strong absorbentsfor many trace

inorganicmaterialsincludingarsenic.

Addition of iron or aluminumcoagulantsto water can facilitate the conversationof
solubleAs(V) andAs(III) speciesinto solublereactionproducts.Theseproductsmight

form throughprecipitation,co-precipitation,or adsorptionmechanisms.Precipitation
refers to the insolubilization of contaminants by exceeding a solubility product, in this

case that of either Fe(As04) or Al(As04) solids. Co-precipitation is defined as an

incorporation of soluble arsenic species into a growing hydroxide phase via inclusion,

occlusion, or adsorption. Finally, adsorption refers to formation of surface complexes

between soluble arsenic and the solid oxyhydroxide surface site (Edwards, 1994).
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Alum dissolution:
Al2(S04)3.18H20 = 2Al

3~+ 3SO
4

2~+ 18H
20

Aluminum precipitation:

2Al
3~+ 6H

20 = 2A1(OH)3+ 6H~

Co-precipitation:
H2AsO4 + Al(OH)3 = Al-As (complex) + Other products

Arsenic absorbedon aluminum hydroxide flocs as Al-As complex is removedby

sedimentation.Filtrationmaybe requiredto ensurecompleteremovalof flocs (Ahmed,
1999).

Amirtharajh and O’Melia (1990) indicated that freshly precipitated amorphous
aluminum hydroxide, Al(OH)3 (am), is formedby the addition of alum to water. A

seriesof hydrolysis reactionsoccur as intermediatereactions (Table 3.1) prior to
precipitationofAl(OH)3.

Table 3.1: Aluminum Equilibria

SL. No. Reaction Log K (25°C)

A1
3~+H

2O=AlOH
2~+H~ -4.97

2 A1OH2~+ H
20 = Al(OH)2

4 + H~ -4.3

3 Al(OH)
2~+ H20= Al(OH)3 + H~ -5.7

4 Al(OH)3 + H20 = Al(OH)4 + H~ -8.0

5 2Al
3~+2H

20 = Al2(OH)2
4~+ 2H~ -7.7

6 3A13~+4H
20= Al3(OH)4

5~+ 4W -13.94

7 13Al3~+28H
2O= Al3O4(OH)24

7~+ 32W -98.73
8 Al(OH)

3 (am) = Al
3~+ 3(HO) -31.5

Arnirtharajh& O’Melia (cited from Baes& Mesmer)

Thesereactionsillustrate that alumhydrolysis produceshydrogenions (H~)andhence

actslike anacid andoftenreducethepH of thewater.The pH reductionwould depend
on the alkalinity of the water. For every 1 mg/l of alum that reacts to producea

precipitateofaluminumhydroxide,0.5mg/l ofnaturalalkalinity expressed as CaCO
3is

consumed. Thus, for example, when an alum dose of 30 mg!l is used, the alkalinity

requiredfor reactionis 15 mg/l and oftenwhentreatinglow alkalinity waters,lime or

causticsodais addedto provide thenecessaryalkalinity andto keepthepH conditions

in the range where aluminum hydroxide precipitatemay be formed and optimum
coagulationoccurs.
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According to thermodynamicdatafor aluminumequlibria, aluminumis leastsoluble

aroundapH of 6.2 (Figure 3.1). Below apH of 5.7, freshlyprecipitatedAl(OH)3 (am)

canbequite solubleandpolymencspeciessuchasAl13O4(OH)24
7~canpredominate.

ç)

pH
Figure 3.1: Solubility of aluminum with amorphous Al(OH)

3.

3.3 PREVIOUS STUDIES OF ARSENIC REMOVAL BY COAGULATION

Shen(1973) comparedthe ability of 20 mg/i dosesof alum, ferroussulfate,and ferric

chloride to removearsenicfrom well water@H 6.8, 1.0 mg/I total arsenic)in bench-

scaletests;arsenicremovalsof 32, 24 and82 percentwereachievedwith therespective
coagulants.He also observedthat coagulationwith FeCl3 gavebetterremovalswhen

precededby oxidation with chlorine.Thedosagesheusedcanbe expressedin termsof
Al

3~,Fe2~andFe3~andthe dosages~were1.8 mg Al3~/l,4.0mgFe2~/land4.1 mgFe3~/l

consideringthe chemical formula of alum, ferrous sulfate and ferric chloride are as

A1
2(SO4)3.14H20,FeSO4.7H20andFeC13.6H2Orespectively.

Gulledgeand O’Cormer (1973)spiked waterwith arsenic(V)and tested10-50 mg/l

alum [Al2(S04)3.1 8H20] andferric sulfate[Fe2(S04)3.3H20]at pH 5-8 in a bench-scale
study. Arsenicremovalwasfunctionof pH andcoagulantdose(Figure3 .2a and3.2b).

The pH dependencewas much morepronouncedfor Al(OH)3 thanFe(OH)3.Arsenic

adsorptionon ferric hydroxideexceededthe adsorptionon aluminumhydroxide, for
exampleAs(V) removalby adsorptionon hydrousaluminumoxide was93.6%(dosing

50 mg/i alum or 4.1 mgAl
3~/l)andon hydrousferric oxide was98.4%(dosing50mg/I

ferric sulfateor 12.3 mgFe3~/1).In both cases,increasedcoagulationdosageresultedin

increasedarsenicremoval.As(V) adsorbedlesson both Al(OH)
3 andFe(OH)3at pH 8

-J

I
0

I-)

je

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh 41



M.Sc. Thesis Department of Sanitary Engineering

that at a pH of 5-7. Theyalso analyzedthe arseniclost at glasswareand filter during
coagulationprocess.Theresultsshowedthat maximum 10.9%and 7.3%arsenicwere

lost to glassware during coagulation with aluminum sulfate and ferric sulfate

respectively.Maximum 12.2%and6.8%arsenicwerelost to 0.45 p.m celluloseacetate

membranefilter for aluminumsulfateandferric sulfaterespectively.

U
I.,
Ca

e
Ca ________________________________________

U

Ce

I-

Figure3.2a:RemovalofArsenic(V)by
adsorption on hydrous aluminum oxide.
(reproductionby usingdata)

Figure 3.2b: Removalof Arsenic(V) by
Adsorption on hydrous ferric oxide.
(reproductionby usingdata)

Similar conclusionsweredrawnby Chenget a!. (1994)in treatingAs(V) spikedwater

at variouspH conditions in bench,pilot and demonstrationscale.According to their

studies:

• FeCl3 is moreeffectivethanalum whencomparedon an equalweightdosagebasis.

• Alum is pHdependent,andthehighestAs(V) areachievedat pH<7.

• FeC13 coagulation is notpH-dependentbetween5.5 and7.0.

• Increasingcoagulantdosagewill increaseAs(V) removal.

• Thereis no correlationbetweenturbidity removaland arsenicremoval.

In theirexperimenttheeffluent wascollectedafterbeingpassedthrougha sandbed.

Chenget a!. also concludedthat arsenicremovalpercentageappearedto haveremained
relatively constantin this study, regardlessof the influent arsenicconcentration.The

arsenicconcentrationin therawwatervariedfrom 2.2 to 128 p.g/l for oneplant (Figure

3.3)andfrom 4.4 to 13.3 p.g/l for anotherplant.
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A Alum =20 mgIL. no aod addrtJon
o Fernc ctiloncfe = 30 nig/L, no acid addrliOfl

A
A A

Average removal for alum = 56 7 percent
A

II I I I

1 2 5 50 100 200 500 100010 20

Influent Arsenic Spike—~ig/L

Figure 3.3: Comparativepercentagesof arsenic removal at varying influent arsenic spikes

using alum and ferric chloride (Chenget al., 1994).

Scott et al. (1995) evaluatedthe removalof naturallyoccurringarsenicin a full-scale

conventionaltreatmentunit. Averagearsenicremovalsof 82, 89, 86, 94 and 96 percent
were achievedwhen3, 4, 5, 6.5 and 10 mg/i ferric chloride [or 18.5, 24.7, 30.8, 40.1,

and 61.7 ~tM Fe(III)/1 or 1.0, 1.4, 1.7, 2.2 and 3.4 mg Fe3~/lJwere used.Most of the

arsenicremoval (48-88 percentage)was achievedin the sedimentationbasin. Alum

dosagesof6 mg/l, 10 mg/i and20 mg/I (0.6, 0.9 and 1.8 mgA13~/1)removed23, 45 and

69 percentof the arsenicon an average.Influent arsenicconcentrationwas ranging

from 1.2 ~tg/l to 2.2 j~ig/l.On a metal-equivalentbasis, Fe(III) removedmore than

arsenicthanAl(III) in thepH rangefrom 7.18-7.8.

Hering et a!. (1996) conductedbenchscalestudiesin model freshwatersystemsto
investigatehow various parametersaffected arsenic removal. Under comparable

conditions,betterremovalwasobservedfor As(V) thanAs(III). Thearsenicremovalat

pH 7 is shown in figure 3.4. Both As(V) and As(IH) removal was dependenton

coagulantdosages.Arsenicremovalpercentageswere observedindependentof initial

arsenicconcentration(2.0 to 100 ~ig/1).Below neutralpH values,As(III) removalwas

significantly decreasedin thepresenceof sulfate.However,only a slight decreasein
As(V) removal was observed.At high pH, removal of As(V) by adsorptionwas

increasedin thepresenceof calcium.
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Figure 3.4: Efficiency of arsenic removal at pH 7 (Heringet al,1996)

Rashid(1996)conductedbatchexperimentswith As(III) andFe(II) spikedwater. The

initial concentrationof As(III) and Fe(II) were 200 pg/i and 5 mg/l respectively.He

achieved95% of As(]JJ) removal by coagulation,when 8 mg/i Fe(III) and 12 mg/i
Fe(ll) is applied, followed by flocculation, sedimentationand filtration at pH 7. No

oxidizmgagentwasusedto oxidizeAs(III) into As(V). Theprocesswas dependentof

pH (figure 3.5).
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Figure 3.5: Arsenic (III) removal efficienciesas function of pH with coagulantFeC13.6H20

doseof 32 mg/i (or 6.6 mg F&
t /1) (Rashid, 1996).

Nath and Majumder(1997) analyzedtheperformanceof alum in removal of arsenic

with different samplesof water.Theperformanceindicatedthat the rateof removalof
arsenic was dependenton remaining concentrationof arsenic in water. Higher
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percentagesof arsenicremoval observedat higher alum and ferroussulfate dosage.

Their study results can be presentedin the figure 3.6. 97% arsenicremoval was
observedwith 60 mg/l alum dosage(5.5 mg A137l) at initial arsenicconcentration335

~g/l and pH 7.1. However,they were in the opinion that anoptimal dosagecouldbe
derivedfor removalof arsenicandit is dependenton initial concentrationof arsenicin

groundwater.

120
100 -____j 80

fl 60

< 20

0~ I
0 50 100 150

Coagulant dosage

Alum C Ferrous

Figure 3.6: Arsenic removal efficiencieswith coagulantdosages.

Dave (1997)conductedbuckettype chemicaltreatmentin the laboratoryusing initial

arsenicconcentrationfrom 0.1 to 3.0 mg/i with As(V) as60% andAs(Ill) 40%.From

findings, he proposed3 typeschemicalpacketsto treatthe raw water with different

rangeofinitial arsenicconcentrationfor 12 liters waterin bucket.Thepacketsare:

PacketIfor arsenicconcentration1.5 to 3.0 mg/i
Bleachingpower,20%chlorine 2.0 g
Ferricchloride 0.5g
Flyash l0.Og

PacketII for arsenicconcentration0 5 to 1.5 mg/I
Bleachingpower,20%chlorine 1.0 g
Ferricchloride 0.25g
Fly ash 7.Og

PacketIII for arsenicconcentration0.1 to 0 5 mg/i
Bleachingpower,20%chlorine 1.0 g
Ferricchlonde 0.2 g
Flyash 5.Og

Liang (1998) carried a field study at Bangladeshon arsenic removal by bucket

experimentusing FeCl
36H20 and A12(S04)3.1 8H20 and existmg iron removal units

(IRU). Therewas no clear correlationbetweenthe concentrationof arsenicand the

.

C
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concentrationof iron in rawgroundwater,but a linearcorrelationwasderivedbetween
thearsenicremovalandthe iron concentrationin the rawwaterat theIRU. It wasalso

fact that on simple weigh basis, FeCl36H20 is about double as effective as
Al2(S04)3.18H20. The use of 90 mg/i FeC!36H20 (18.6 mg Fe

3~/l)and 200 mg/l

A1
2(S04)3.18H20 (16.2 mg Al

3~/l) were found sufficient to reduce the arsenic

concentrationfrom about400 jtg/l to 50 p.g/l. However,Fe(OH)
3flocswerebig enough

stayingon thesurfaceofthewaterinsteadof settingdownto thebottomof thebucket.

Theappearanceof red, thick Fe(OH)3flocs createdfearamongtheilliterate peopleand
wasnot found suitabledueto its odd appearances.TheresultingpH liesbetween6.5 to

7, indicatingthatnoadjustmentof pH is required.

A DPHE-DanidaWater & Sanitation Projectbased at Noakhali, Bangladeshhas

proposedbucket type arsenic removal at householdlevel by coagulation. In that

system,4 gm (16.2mg Al
3~7l)of powderedalum and0.03 gm ofpowderedpotassium

permanganatehave been added to the 20 the bucket of water having arsenic

concentrationfrom 160 j.xg/l to 1100~ig/l.ThetreatedAs concentrationhascomedown

to levels between 10 to 20 ~ig/l regardlessof the initial concentration of As

(DPHE/DANTDA, 1999).They haveobservedthat 10-15 secondsstirring is sufficient

for floc formation. The sludgecollectedon the lower bucketis emptiedon weekly
basis.

Conclusions:

Previousstudieshavebeenshownthat conventionaltreatmentwith aluminumandiron
slats canbe usedto removearsenicfrom drinking water. The general findings of the

studiesarepresentedin theTable3.2.

Table 3.2: Summary of the findings of previous studieson arsenic removal by coagulation
(Shen(1973),GulledgeandO’Conner(1973),Chengetal (1994),Scott et al. (1995), Henng
et al (1996),Rashid(1996),Nath andMajumder(1997),Liang (1998) and DPHE/DANIDA
(1999)).

Conditions Effects
Effectivecoagulant Ferricchlondeandalumarefoundeffectivecoagulantsfor

arsenicremoval.However,femcchlorideis moreeffective
thanalum on simpleweightbasis 20 mg/l alum andfemc
chloridecanremove32 and 82 percentofAs from waterwith
initial arsenicconcentration1000 j.ig/l. Ontheotherhandwhen
consideredasiron andaluminumasFe3~/landAl3~/l,the
effectivenessis aboutsame. 18.6 mg Fe3~/land16.20mgAl3~/l
were foundsufficientto reducethearsenicconcentrationfrom
about400 ~ig/l to 50 ~.tg/lby buckettyperemovalata specific

________________________-locationrnBangladesh. _______________
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Dosingofcoagulant Arsenic removalincreaseswith the increaseofcoagulant
dosages.Forexample-1.8 mg A13~/l,3.6mg A13~/1and10.9 mg
Al3~/lcanremove79.1%,91 0%and97 0%respectivelyfrom a
watercontainingAs 335 ~tg/lat pH 7.1.

Initial As concentration Arsenic removalefficiency is lessdependenton initial arsenic
concentration(Figure3.3). Themechanismis not explained.
However,thereis not consensuson this finding.

pH dependence Arsenic removalis pH dependantandthe pH is muchmore

pronouncedfor Al(OH)
3 thanFe(OH)3. Arsenic is best

removedatpH 5 to 7 by alum.

RemovalofAs(III) and
As(V)

As(V) is betterremovedthanAs(III). As(III) shouldbe
oxidizedto As(V) for effectiveremoval.

Major removalprocess The mainportionof flocs is removedby sedimentationprocess.
44-88%percentagecanbeachievedin sedimentationbasin.

Effectofwatermatnx Arsenic removalis affectedby thewatermatnxthat is present
of sulfate,phosphate,calciumetc.. Thesecan competewith
As(V) for A1(OH)3orFe(OH)3.

Appearanceof flocs Fe(OH)3flocs are red, thick andbig enough.FeC!3maynotbe
feasibleashouseholdlevel due to its odd appearanceto the

illiterate peopleat rural Bangladesh.

Co-relationshipbetween
turbidity andarsenic
removal

Thereis no directrelationshipbetweenturbidity reductionand
arsenicremoval.

Other factors Glasswareabsorbsa substantialamountofarsenic.Maximum
10.9%and7.3%arsemccanbelost to glasswareduring

coagulationwith aluminumsulfateandferric sulfate
respectively.

TheresultsoftheDPHE-DANIDA dosingandresidualAs andAl concentrationshould
be evaluatedbeforewide scaleapplication.

3.4 RESIDUAL ALUMINUM IN DRINKING WATER

Wheneverwater is treatedby alum then there is chanceof residual aluminum in

treatingwater.The currentmaximumlimit ofaluminum in drinking waterof 200 pg/I

has been adoptedby the wide range of regulatory agenciesincluding European
Community (1980), World health Organization (1984) and US Environmental

Protection Agency (1981) (Borikar, 1998). The proposed secondarymaximum

contaminationlevels for aluminumis 50 pg/l for U.S.A. (Cotruvo & Craig, 1990).

The metabolismof aluminumin humanis not well understood,but it appearsthat
inorganic aluminum is poorly absorbedand that most of the absorbedaluminumis

readily excretedin urine. There is no evidenceof carcinogenesisin studiesusing

differentmammalsandaluminumslats.It is reportedthat Aluminum maycausecertain
neurologicaldisordersuchas‘Alzheimerdisease’.In thecountrylike Netherlands,use
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ofalum is avoidedin drinkingwatertreatment(Borikar, 1998). However,this studydid
not considertheresidualaluminumin thetreatedwaterdueto limitation oftime.

3.5 ARSENIC REMOVAL POSSIBILITIES BY NATURAL IRON

The useof naturally occurring iron precipitatesin groundwaterof Bangladeshis a

promising method of removing arsenicby adsorption.It hasbeen found that hand
tubewellwaterin 65% oftheareain Bangladeshcontainsiron in excessof 2 mg/l and

in many acute problem areas,the concentrationof dissolved iron is higher than 15
mg/i. Althoughno goodcorrelationbetweenconcentrationof iron andarsenichasbeen

derived, iron and arsenichave beenfound to co-exist in groundwater. Most of the

tubewell water samplessatisfying BangladeshDrinking Water standardfor iron (1

mg/l) alsosatisfythestandardfor arsenic(50 pg/L). About 50%of the sampleshaving

iron content 1-5 mg/l satisfy thestandardfor arsenicwhile 75%of the sampleshaving
iron content> 5 mg/i areunsafefor havinghigh concentrationof arsenic(Ahrned,

1999).

Precipitationwith Fe(III) and subsequentfiltration of the generatedprecipitateshas

provedto be anadequatemethodto removeAs(V) from water.Thebindingmechanism
is the most probably the adsorptionof arsenatemolecules to the surfaceof the

precipitatesFe(III) hydroxide(Rashid,1996cited from Broho & Merkl, 1993).

Schematically,theAs(III)/As(V) removalprocessis shownin thefollowing diagram.

A~iomerahonof
Fe(OH)~MoAecuIr~
4,.d ~

flocs

.1
Filtration

A~at~on

V

Fe
1~ ,~ Fc’ ~ r Fe(OH) ~ — ‘- Fe(OB),

V
Adso~p~ionofw’-se,uteor arserwJ.eto theswface —.- Fe(OB),

Figure 3.7: Schematicdiagram, showing As(III) and As(V) removal mechanismby Fe-

oxidation followed by agglomerationand filtration.
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3.6 METHODOLOGY OF LABORATORY EXPERIMENTS

Identificationoftheoptimal alum dosing for different arsenic-ironcontentwater is the
objective of laboratory experiment of this study. To achieve this objective, the

following sequentialactivitieswerecarriedout.

• Groundwatersamplescollection from arsenicaffectedarea in Bangladeshand

analysisatIHE laboratory.

• Selectionof theconcentrationofarsenicandiron in themodelwater.

• Jartestswith thearsenic-ironspikedwater.

In addition to the above activities, jar tests were carried out without addition of
coagulantto studythepossibilityof arsenicremovalusingoriginal iron in water.

3.7 ANALYSIS OF ARSENIC CONTAMINATED WATER

To determinethe arsenicconcentrationand iron concentrationin the groundwater,

watersamplescollectedfrom the Bangladeshandwasanalyzedat THE laboratory. The

samples were collected from Chuadanga,one of the arsenic affected districts of
Bangladeshwith an areaof 1,160 squarekilometersand populationof 228,000.The

position of Chuadangais 23°37’N (latitude)and 88°65’E (longitudinal) (Figure 1.1).

According to the physiographicdivision, this areais in the inactive Gangesdelta,
which is composedmainly of deltic silt deposits.Stratifically this arearepresentsthe

stable shelf facies boardedby the active Gangatic flood planes to the North and
NorthEastand tidal deitic depositsin the south.The groundwatersamplesanalyzedin

theDPHE zonal laboratoryshows that the averagevalue arsenicconcentrationin the

contaminatedgroundwaterlies between200 to 300 pg/l. Someof samplescontainhigh

arsenicconcentration(more than750 pg/l). Chaudangais also an iron affectedarea.

However,the iron concentrationsof thesearsenicaffectedtubewellsarenot available.

Theanalyticalinstruments,chemicalrequiredto testarsenicand iron is describedin
Annex—Al. Thearsenicanalysisprocedureis alsoexplainedin Annex-A2.

3.7.1 RESULTS OF THE EXPERIMENTS

20 groundwatersampleswere collectedfrom the 5 unionsofChaudangadistricts. The

sampleswerecollectedin 100 ml plasticbottlesand0.5 ml HN03 wasaddedinto each

bottle aspreservative.Thesampleswereanalyzedat theIRE laboratorywithin 15 days
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of collection. It maynotedthat thestandardpreservativefor total metal analysisis 5 ml

HNO3per liter andthe maximumholdingperiodis 6 months.

The resultsof the As and Fe analysisarepresentedin the Table 3.3 along with the

installation yearand depth. The Figure 3.8 shows the iron concentrationagainstthe
arsenicconcentrationin thegroundwater.

Table 3.3: Resultsof water sample analysis.

Sample

No.

NameofCaretaker Union Installati
ii

Year

~o Depth

(fi)

As Cone.

(jig/I)

Fe Cone.

(mg/I)

I CourtBuilding Damurduda 1998 107 110 6.5

2 DamududaThana Damurduda 1998 86 105 84

3 Md. Abdul Samad Damurduda 1997 110 95 7

4 Md. AbdulAwadud Damurduda 1998 55 120 3.1
5 Dii Mohammod Damurduda 1998 127 130 4.6
6 Md AlckasAli Damurduda 1998 122 115 38
7 MojiburRabman Darnurduda 1997 107 210 6.3
8 - School!alt Mosque Damurduda 1997 - 84 380 1 - 11.6

9 Hawli UP Office Hawh 1998 90 130 3
10 Md. LokmanMunshi Hawli 1998 100 175 1.4
11 Md. AbdulJahiMondal Hawli 1997 105 180 6.9
12 Md. Abdul Sattar Kuralgachi 1998 90 125 9
13 Md. SultanMondal Kuralgachi 1997 115 125 5

14 Md MotiarRahman Parkrisnopur 1998 75 405 7.2
15 - Md NoorHaque - Juranpur 1997 - - 122 170 6.3
16 Md.Karnruzzaman Juranpur 1996 138 640 259

17 Md. SawkatAu - - Juranpur 1997 105 405 11.8

18 Md. Saiflul Islam - Juranpur 1997 75 50 0.2
19 Md.AzuzulHaque Juranpur 1998 - 122 145 3.1
20 Md Zaman Uddin Juranpur 1999 105 240 6

Figure 3.8: Iron concentrationvs.Arsenic concentration in raw water.

Fe Concentration vs. As Concentration in Raw Water
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It can be shownfrom thetablethat, all thesetubewellshasbeeninstalledin therecent

years(1997-1999)with depthvariesfrom 55 ft to 138 ft (16.76m to 42.06m).

The figure 3.3 showsthat water containinghigh arsenicalso containhigh iron. This
may be due to arsenicmediation from arseopyrites(FeAsS).However, therewas no

linear relationshipbetweenarsenicand iron concentrationin groundwater.It is not

possible to predict the arsenic concentration in a groundwater by using iron
concentration.But, the presenceof high iron contain associatedwith high arsenic

containprovidesan opportunityto explorethepossibilitiesto removethearsenicusing
the naturaliron in groundwater.

The arsenicconcentrationvariedfrom 50 jig/I to 640 jig/I andthe iron concentration

variedfrom 0.2 mg/l to 25.9 mg/I. The averagearsenicconcentrationwas203 jig/I and

averageiron concentrationwas6.9 mg/I.

From the basisof this result, the model water for the coagulationexperimentswere

selected.The arsenicconcentrationweretaken200 jig/I, 400 jig/I and 600 j.tg/l. The
iron concentrationweretaken3 mg/l, 6 mg/l and9 mg/i. So,9 typesmodelwaterwere

preparedfor theexperimentalpurposes.Thesearelistedin Table3.4.

Table 3.4: The concentration of As(V) and Fe(ll) in modelwaters

SL. No. Concentration ofAs(I/), ~i~v7 ConcentrationofFe(II), mg/i
1 200 3
2 400
3 600
4 200
5 400
6 600
7 200
8 400
9 600

3
3
6
6
6
9
9
9

3.8 JAR TESTS WITH ARSENIC-IRON SPIKED WATER

Jartestswereconductedwith differentmodelwater(Table3.4) havingdifferent As(V)

and Fe(II) concentration. The objective was to identify the optimal alum dosing for
differentarsenic-ironcontentwater.
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3.8.1 EXPERIMENTAL APPARATUS AND CHEMICALS

Experimentalapparatus:
• Jartestapparatus— stirring set (200 rpm): C6FVELP Scientifica
• Polyethyleneandborosilicateglasswarebeakers-1000ml

• Polyethylenesyringes:10 ml

• Polyethylenecontainers:100 ml, 1000ml

• Otherborosilicateglassware(volumetricflasks,pipettes,measuringflasksetc.)
• Weighingmachine

Analytic instruments:
• Atomic absorptionspectrometer(AAS): Perkin Elkin Elmer 1100 B with graphite

furnaceandHGA 300programmer— for total arsenicanalysis.

• pH meter:Metrohrn691
• Turbidity meter:DR LANGE LT4

Chemicalandreagents:
• Arsenicpentaoxide,As205

• Ferroussulfate,Fe2SO4.7H20
• Aluminum sulfateheytahydrate,A12(SO4)3.14H20

• Calciumhypochlorite,Ca(OC1)2.4H20
• Sodiumbicarbonate,NaHCO3
• Demineralizedwater

• Nitric acid,HNO3: AR grade-Merck
• Nickel nitrate,NiNO3: AR grade-Merck

3.8.2 EXPERiMENTAL PROCEDURE

A seriesof experimentswere conductedwith thedifferent modelwaterby using thejar
test equipment.To increasethe buffer capacityof the model, 200 mg/i HC03 was

addedto the water.

In thejar test,a seriesof 1 liter beakerswas used.The beakerswere filled with the

model water. The model water was preparedusing the stock solutionof As(V) and
Fe(II) and powdersodiumbicarbonatejust before the experiment.Aluminum sulfate

(coagulant)andcalciumhypochoritewere addedasquickly aspossiblein the powder

form to thebeakersduringstirring at 200 rpm. Thedosesof aluminumsulfatewere 60,
80, 100, 120, 140 and 160 mg/I as A12S04,14H20(or 5.45,7.27, 9.08, 10.9, 12.72 and

14.54 mg Al
3~/l).The calciumhypochoritedosagewas 10 mg/i (3.3 mg Cl

2/l). The
calcium hypochoritewould serve threepurposesin the field experiments.It would

oxidize As(III) if presentin that form, increasethe pH of water and also act as a
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disinfectant.In the expenmentswith model water containing200 ~tg/lAs(V) with 6
mg/I and 9 mg/i of Fe(II), the 20 mg/i and40 mg/i of aluminumsulfate (or 1.8 mg

Al3~/land3.6mg Al3~/l)were alsousedto study theeffectof loweralum dose.ThepH

wasmaintained6.9±0.05 by adding0.1 M of NaOH dropwisely. After 1 minute,the
stirrerwassetto 15 rpm and continuedfor 50 minutesand afterthat switchedoff The

solutionswere keptundisturbedto settledowntheflocs.

To studytheeffectofthesettlingtime overthearsenicremovalby coagulationprocess,

one set of experimentwith As(V) concentration600 ~tg/l and Fe(II) concentration3
mg/I werecarriedout by adding40, 60, 80 and 100 mg/l aluminumsulfateandkept for
24 hours. The samplesweretakenafter 1 hr, 4 hr and 24 hr. Theresultsand related

figure areshownin AnnexA3. Theresult showedthat arsenicremoval increaseswith

the settling time when we compared the absolutevalues. However, there was no

markedimprovementon arsenicremovalefficiencies.Theaveragearsenicremovalfor
the settlementtime 1 hr, 4 hr and 24 hr were 94.1%, 95.7% and 96.8%. These

differenceswere not very significant and the samplesweretakenafter 1 hr on further

experiments.

From thesettledsamples,10 ml watersamplesweretakenfrom thesupernatantofeach

beakerby 10 ml syringe.However,the sampleswere not filtered with 0.45 p.m pore
sizefilter paperafterthe settlement.An earlierexperimentwas carriedout by filtering

the supematantwith 0.45 p.m glass fiber paper(GF6). The resultsshowedthat the

arseniccontentafterthe filtration wasbelow the detectionlimit (detectionlimit — see

annexA4). It may notedthatNingnoi (1999)reportedfor the sametypeof filter paper
that filter papercould removemore than 70% arsenicwhenfrom a waterhaving 95

p.g/l arsenicin water.The filter paperwasnot usedin the further experimentsassuch

filtration is not usedatthefield level of Bangladesh.

A set of experimentwas also carried out without addition of aluminum sulfateand

calciumhypochoriteto observethearsenicremovalcapacityof iron presentin theraw

water. The model water mentionedin the table 3.3 was used along with a high

concentrationof Fe(II) e.g. 12 mg/I. The sampleswere taken after the 24 hours
settlement.This longer time was provided as no oxidizing agent was usedin this
process.

3.8.3 ANALYSIS METHOD

The analysis of the arsenicsamplescarried in the sameproceduredescribedin the

AnnexA2.
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3.8.4 EFFECT OF INITIAL IRON CONCENTRATION ON ARSENIC

REDUCTION

The results of the arsenic removal with different aluminum sulfate dosing with

differentmodelwaterarelisted in the Table 1 to Table9 in theAnnexA4.
The arsenicremovalwith different aluminum sulfatedosing and different initial iron

concentrationfor initial arsenicconcentration400 p.g/1 and 600 p.g/l are shownin the

Figure3.9and3.10respectively.

30
~ 25

~~20

~-i5

J’1E 369 12

Initial Fe Concentration (mg/i)

60 mg/l~80mg/lA100 mg/lx 120 mg/b 140 mg/I• 160 mg/I

Figure 3.9: Effect of initial Fe concentration and dosingon arsenic removal with initial As

concentration400 p.g/I.

Initial Fe Concentration (mg/I)

•60 mg/I ~80mg/I A100 mg/i ~120mg/I 0140mg/i •160 mg/i

Figure 3.10:Effect of initial Fe concentration and dosing on arsenic removal with initial

As concentration 600 j.ig/l.
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The resultsand figures show that arsenicremoval mcreaseswith the mcreaseof
aluminumsulfatedosing and also with the initial iron concentrations.The higher As

removal for highercoagulantdosagesmay be due to the increasedamount Al(OH)3
producedin the in the coagulationprocesswhich leadsto formation of higheramount

of Al-As (complex) in the co-precipitationprocessand settlesat the bottom of the

beaker.

The original ironpresentin thewateris in Fe(II). This Fe(II) is oxidizedby theaddition
of calcium hypochorite during the stirring processin jar test. The Fe(III) forms

Fe(OH)3 and where As(V) adsorptiontakes place and also Fe-As complex co-
precipitationtakesplaceand settlesdownatthebottomof thebeaker.The higherFe(II)

producesthe higher amountof Fe(OH)3 which maybe reasonsfor higherAs removal

with higherFe concentrationin water.

The sequenceof the treatmentprocessused in the expenmentscan be shown

schematicallyasfollows,

As Fe AlumCal.hyp.

Thearsenicremovalmaybe increasedif the calciumhypochloriteandalum areadded
in the following sequence.The iron presentin the water will be first oxidized and

Fe(OH)3 can remove a substantialpart of As. In the secondstage, the As will be

removedby Al(OH)3.

3.8.5 EFFECT OF INITIAL ARSENIC CONCENTRATION ON ARSENIC
REDUCTION

TheAs concentrationin the effluent againstthe initial As concentrationfor initial Fe

concentration3 mg/I is shownin theFigure 3.11. The arsenicremovalefficienciesfor

Fe concentration3 mg/Iwith differentdosingare also shownin Figure3.12.
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Figure 3.11: Effect of initial As concentrationand dosing on arsenic removal with initial
Fe concentration 3 mg/I.
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Figure 3.12: Effect of initial As concentration and dosing on arsenicremoval efficiencies

with initial Fe concentration3 mg/l.

The Figure 3.11 showsthat higher dosing is required to reach the WHO recommended
guideline for higherconcentrationof arsenic.This probablydue to higher Al(OH)3

requirementat higherAs concentrationto createAl-As complex.

From Figure 3.12, it is observed that the removal efficiencies are not varied

significantly with the initial arsenicconcentration.This finding is analogousto the
fmdingsof Chenget al. (1995)andHeringet at (1996).However,theydid not explain

thereasonbehindthis phenomenon.
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3.8.6 IDENTIFICATION OF OPTIMAL DOSING

Identification of the optimal dosing for different arsenic-ironcontainingwater is the
objectiveof thelaboratoryexperiments.The optimal dosing is expectedto producethe
less amounts of the waste and less amounts of residual aluminum. From the

experiments,it is possibleto identif~’theoptimaldosingfor thedifferentmodelwaters.
The optimal dosing for different model waters to reducethe arsenicconcentrationto

WHO guidelinevaluesare listedin theTable3.5.

Table 3.5: The optimal dosing for model waters

SL. No. Concentrationof Concentrationof Optimaldosing Optimal dosing

As(L7, 1tg/l Fe(II), mg/i Al/SO~.14H/) At
mg/i mg/i

1 200 3 100 9.1
2 400 3 160 14.6

3 600 3 180* 16.4
4 200 6 80 7.3

5 400 6 140 12.7
6 600 6 140 12.7
7 200 9 60 5.5

8 400 9 120 10.9
9 600 9 140 12.7

* Estimated

It canbeconcludedthat from theextensiveexperiments
containing water, it is possible to guide in selecting

minimize the chemical needs in the coagulation process

handling.

with the differentarsenic-iron

the optimal dosages.It will
andreducethe load of sludge

3.8.7 ARSENIC REDUCTION USING ORIGINM IRON

The resultsof the experimentswith original iron in raw water (without addition of

coagulantand calcium hypochlorite)are illustrated in the Figure 3.13 and given in

Table I in AnnexAS.
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Figure 3.13: Effect of original iron concentration in raw water on arsenicremoval.

Theresultshowsthat arsenicremoval canbepossibleusing theoriginal iron presentin
raw waterandit is dependenton the mitial iron andarsenicvalue.Thehigherthe initial

iron value,thebetterthearsenicremovalis achieved.Themaximum42.5%, 77%, 88%
and 93% removal efficienciesareobservedwith the iron concentration3 mg/i, 6 mg/I,

9 mg/l and12 mg/l respectively. At the iron concentrationvalue 12 mg/i, the arsenic

removal efficienciesare relatively constantfor initial arsenic200 ~g/l, 400 p.g/l and

600 ji~g/l.The Bangladesharsenicstandard(50 p.g/L) wasobtainedfrom initial As(V)

concentration200 ~tg/L,400 ~ig/Land 600 ~ig/Lwhenthe original iron concentrations
in the raw waterwere 6 mg/I, 9 mg/i and 12 mg/l. However,addition of oxidizing

agentmay improve the removalefficiencies. The arsenicremoval using the original

iron should be evaluatedin the field by using different natural water and can be
consideredone themostsuitabletechnologyin differentpartsof Bangladeshwherethe

groundwatercontainsvery high iron.

3.8.8 TURBIDITY REDUCTION OVER TIME

Theresultsofturbidity reductionover thetime with differentaluminumsulfatedosing

for model waterno. 8 (As 400 ~.tg!Land Fe 9 mg/i) is given in Table 1 in Annex A6
andshownin theFigure3.14.
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Figure 3.14: Turbidity reduction over settling time.

The figure showsthat the turbidity of the treatedwater is very low andmost of flocs

were settledwithin 4 hours. The very low turbidity suggeststhat theAs(V) presentin

the treatedwater was mainly in the dissolvedform. Therewas no distinct effect of

dosingon turbidity reduction.It was also no relationshipbetweenarsenicremovaland
turbidity. This finding is similar to thefindingsofChenget at (1995).

3.9 CONCLUSIONS AND REMARKS

The experimentswere carriedout to identify the optimai dosing for different arsenic-

iron containing water. The arsenic and iron concentrationswere determinedby
analyzingwatersamplesfrom an arsenicaffectedareaofBangladesh.Theexperiments

were carried out with different model waters having different arsenic-iron
concentration.The effect of the iron and otherrelatedfactorswere also consideredin

theexperiments.Thefollowing conclusionsaredrawnon thebasisof theexperiments

carriedout in thestudy.

• High arsenicwasassociatedwith thehigh iron concentrationin the groundwaterof
Chuadanga,Bangladesh. However, there was no direct correlation observed

betweenarsenicand iron concentrations.The averagearsenicconcentrationwas

203 pg/i andavengeiron concentrationwas6.9mg/i.

• 96% As(V) was removedfrom waterhaving arsenicconcentration200 pg/i and

iron concentration6 mg/I by additionof 80 mg/i aluminum sulfate (7.3 mg Al3~/l)

and 10 mg/i calciumhypochlorite(3.3 mg Cl,/l). Arsenic removal increasedwith

di

ii
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the increasingcoagulantdosages.This is the general finding of the previous

expenments.

• Presenceof iron in the water enhancedthe arsenicremoval in the coagulation

process.TheresidualAs in the treatedwaterwas 20 pg/l, 18 j.ig/l and 15 pg/i for

initial iron concentration3 mg/l, 6 mg/I and 9 mg/i respectivelywhen 80 mg/i

aluminumsulfate(7.3 mg Al3~/l)and 10 mg/I calciumhypochlorite(3.3 mg Cl
2!!)

wasaddedto thewaterhavingarsenicconcentration400pg/i.

• Arsenic removal efficiency was almost constantregardlessof initial arsenic

concentration. The removal efficiencieswere 95%, 96% and 96.3% for initial

arsenicconcentration200 pg/I, 400 pg/I and 600 pg/I respectivelyby addition of

100 mg/i aluminumsulfate(9.08mg Al
3~/l)and 10 mg/i calciumhypochlorite(3.3

mg C1
2/l). This finding is analogous to the findings of Chenget al. (1995) and

Henngetal. (1996).

• The optimal dosing to achievethe WHO guideline canbe identified for different

initial arsenic-ironconcentrationin water(Table3.5).

• Arsenic removalwas also achievedby using the iron presentin the water. The
Bangladesh arsenic standard (50 pg/L) was obtained from initial As(V)

concentration 200 pg/L, 400 pg/L and 600 pg/L when the initial iron

concentrationswere6 mg/l, 9 mg/l and 12 mg/I.

A substantialamountof arsenicremoval by addition of alum was achievedin the
laboratoryexperiments.A dosageof 60 mg/i alum (5.5mgA1

347l) and 10 mg/I calcium

hypochlorite (3.3 mg Cl
2!l) brought the effluent arsenic concentrationbelow the

Bangladeshstandardfor 9 typesof modelwaterusedin the laboratoryexperiments.It

canbe concludedthata standarddosingcan be appliedto arangeofwaterqualitiesto
reducethe arsenicconcentrationto the Bangladeshstandard. Considenngthe water

quality (only arsenicandiron) ofthestudy location,a singlestandard coagulant dosing

of 60 mg/i alum(5.5 mgAl
3~!l)and 10 mg/i calciumhypochlorite(3.3mg C1

2!l) canbe

suggestedto applyfor thetreatmentofarsenic.

However, optimal dosing can be recommended for different arsenic-iron
concentrations.The optimal dosing is expectedto produce the less amountsof the

wasteandless amountsofresidualaluminum.

This technologyis alsoattractivedueto very low capital investment.The capital cost

(arsenicremoval by addition of coagulantbucket type treatmentin the field level)
includesthecostof4 to 6 plasticbucketsandsamenumberofplastictaps.The costsof
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chemicals(alum and calcium hypochlorite) are low. These chemicalsare readily

availablein the scientificshopsin all towns andcanbesuppliedto the rural areasin a
smallpacket(thedosageto onebucket).

However,thewide-scaleapplicationof thearsenicremovalby coagulationis subjectto

manyother factors. By using alum for the treatmentof arseniccontainingwater, we

maymoveto anotherdangerouscontaminant-aluminum.It is especiallythecase,when

a high alum dosageis appliedto a very low concentrationof arseniccontainingwater.

Handlingthesludgeproducedin thisprocessis alsoamajorconcern.Thereleaseofthe

heavymetalsfrom the sludgeis not clearly understood.Theseshould bekept in mind
beforepromotingthis technology.

The experimentswere carried out in a limited scalewith the model water. Arsenic

removalmaybe decreased,whennaturalwell wateris usedfor the experimentdue to
the influenceof watermatrix. Phosphateions or sulfateions presentm the water can

compete with As(V) on the hydroxide surface. Moreover, stirring is a major
determiningfactorfor a coagulationprocess.Themanualstirring at the field level will

reducethe arsenic removal efficiencies. However, it is possible to develop a
mechanical device using locally available iow-cost materials to stir the water

continuously.

Whereno othertechnologyis available,arsenicremovalby coagulationcanbe usedas

a potentialarsenicmitigation technologyfor the intermediateperiod. It can only be

confidently promotedfor wide-scaleapplication only when the further study will
confirm the residualaluminumconcentrationis within allowablerangeandthe sludge
producedcanbesafelyhandledwithout endangeringtheenvironmental.

Thearsenicremovalusing theiron present(> 6 mg/I) in the wateris alsoappearedasa
promising option for arsenic reduction. This removal can be achievedin many

instanceswhere the groundwatercontainsvery high arsenic.Addition of oxidizing

agentmayimprovethearsenicremovalprocess.

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh 61



M.Sc. Thesis Department of Sanitary Engineering

RAINWATER HARVESTING

4.1 GENERAL

Rainwaterharvestingandstoragedo not constitutea newtechnology.It hasbeenused

for domestic, agricultural, runoff control, air-conditioning etc. for a long time.
Historical sourcesmentiontheuseof rainwater for potablewater supply some 4000

years ago in the Negev desert. Interestin the use of rainwateras an alternativeor

supplementalsourceof waterfor domesticwatersupplyhasbeensteppedup recently.
It particularin developingcountrieswheredueto a numberofproblems,availabilityof
adequateand potablewaterwithin easyreachis not always assured.Also, thecost of

supplyingwaterto thepeoplethroughpumped,gravityor otherschemesis higherthan
canbe affordable.The rainwaterharvestingis consideredasapossibleanswersto the
globalwateruseproblem,especiallywheresurfaceandgroundwaterarelimited.

Rainwater harvestingis not a common practicein Bangladesh.Only 35.5 percent
householdshavebeenfoundto usethe rainwaterasdrinking watersourceduring the

raining seasonsin coastalareashavinghigh salinity problems(Hussain& Ziauddin,

1989). Rainwateris consideredasa potentialarsenicfreewater sourcein the context

of groundwaterarseniccontamination.

Rainwaterharvestingis theprocessof the interceptionof rainwaterfrom the air and
conveyingit towardsareservoirfrom which thewateris withdrawnfor consumption.It

requires adequateprovisionfor interception,collectionandstorageofthewater.

Rainwateris collectedas it runs from roofs, or as surfacerunoff flowing of natural

ground,roads,yards,or speciallypreparedgroundsurfacecatchments.Rockcatchment

systemscanalso be possiblewhereunjoinedrock outcropsprovidesuitablecatchment

surfaces.The runoff is channeledalong stoneand cementguttersconstructedon the
rock surfaceinto reservoirscontainedby concretedams(Gould, 1991). Dependingon

circumstances,rainwateris collectedfrom roofsor while runningovergroundsurfaces.

As therainwatercollectedfrom roofs is usuallyquite clean,this water is bestusedfor
drinking and cooking purposes.Additional waterneededfor washingand watering a
vegetablegardencan be taken from less clean sourcessuch as undergroundtank

collecting surfacerunoff (Hofkes, 1981). Rooftop rainwaterharvestingsystemseems
suitable for Bangladesh,asthe systemwill be designedonly to supply drinking and

cookingwater.
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In thisstudy, amattemptis madeto calculatetherequiredstoragevolumefor rainwater

harvestingsystemin different parts of Bangladesh.The different low-cost materials
usedfor storagetank construction in the other countrieswas reviewedand some
materials are selectedon the basis of cost, availability of local materials, skill,

performance etc. The costs of these materials are estimated in the context of

Bangladesh.The costs of different guttering materials are also estimated. The

constraintsof implementationof rainwaterharvestingsystemin rural Bangladeshare

identifiedandstepsto overcometheconstraintsarealsodiscussed.

4.2 COMPONENTS OF ROOFTOP RAINWATER HARVESTING
SYSTEM

A typical rainwater harvestingsystemsmainly consist the following components

(adaptedfrom Hasse,1989, CWSSP,1995,Michaelides& Young, 1985,Hofices, 1981,

Lee& Visscher,1992, Skinner& Franceys,1992).

Suitableroofcatchment
The roof of a domesticdwelling is the commonestform rainwater catcbmentfor

domesticwater supply. Theroofing surfaceshouldbe smoothdense(hard inorganic)
sincethis is less likely to catch andhold wind-blown dust anddebris.It is preferable

for aroofto be galvanizedmetal (corrugatedplatesor galvanizediron). Leadroofsand
asbestoscementsheetingare unsuitablebecauseof health concerns.Thatchedroofs

poseproblemsas the runoff is lower and generallyof a low quality. It is also more
difficult to fix guttersto thatchedroofs. It canbeusedwith a surfacecover by plastic

sheetwhenthereis no otheralternativeis available.

Thesizeofthe roofwill dependon thesizeof thehouse.The quantityofrainwaterthat
can becollectedthrough roofcatchmentwill largelydeterminedby the effectiveareaof

roof and local rainfall. The greaterthe sizeof the roof catchment,the smaller is the

storagevolumewith samerainfall data.

The shapeof any given catchmentareahasconsiderableinfluenceon the catchment

possibilities. Therefore different types of roofs provide different catchment

possibilities.The mostcommonroof type are flat roof, single pitch roof, doublepitch
roof, hip roof andtent roof. The single pitch roof is the mostappropriateas the entire

roofareacanbedrainedinto singlegutteron thelower sideandoneor two down-pipes

canbeprovideddependingon thearea.
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Gutter& downpipesystem

Gutter and down-pipe are collecting and conveying systems. Gutter is fixed with roof

catchment in a gentle slope and connected to the down-pipe that ends up with the inlet

of the storage tank. This connection canbe made from locally availablematerialslike

bamboo and wood. However, GI and PVC provide better results. Sizing of this
installationdependson roofarea.It is necessaryto makethejoints leak-proofto reduce
water lossesand this can be a major problem with many of the locally produced

gutters.

Flushing system
This arrangementis requiredto catchthe first flush or bypassfor flushing the roof. It
preventsthecontaminationthat resultsfrom first flush that is mixed with leaves,birds

dropping, and other dirt. For small systems,simply fixing a small length of flexible
hoseatthe endof cando this. Whentheroof is beingflushedtheflexible hosesshould

be takenout of storagetank inlet, anddirectedto a drain. Once the roof is cleanthis

couldbe insertedbackinto thestoragetank.

Filter
The sandfilter is the step before the storagetank to purify the collected rainwater.

Installationof a filter will certainly improvethe water quality, but it will alsoincrease
the cost of the system. This filter systemis not common in therainwaterharvesting

system.Cloth andnetting areusedas screeninsteadof filter to reducethe costof the

system.

Storagetank
It is the most important componentof rainwater harvesting system. Safe storageof
rainwaterthroughouttheyearis themainobjectiveofthe storagetanks.Thesizeofthe

rainwaterstoragedependson demand,amount and distribution of rainfall, catchment

areaandtype.

A variety of materialshave beenusedin different parts of the world for rainwater

storagetanks. These are mainly: ferrocementtank, bambooreinforced ferrocement
tank, earthenmolded ferrocementtanks,cementmortarjars,bricks tanks,brick block

tanks,earthenjars,plasticvesselsetc.Thedifferent type storagetanksarediscussedin
thesection4.3.

Deviceto extractwaterfrom the tank.
The device for extractionof water from the tank dependson the positionof storage
tank. A taps fitted at the bottom of the tank is the simplestmethodfor extractionof

waterin caseof groundandelevatedtank. Forundergroundtanks, thewithdrawalcan

be done by installing a handpump.
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The components of a rainwater harvesting system areshownin Figure4.1.

4.3 COSTING AND TYPES OF STORAGE TANKS

A storagetankis the mostexpensivecomponentof arainwaterharvestingsystem.The
roof is assumedto be given sinceit mustbeavailablefor ahousehold.The costof the

gutters or the down-pipes,which direct water to the tank is consideredvery little,
comparedto the cost of storagetank. Thecostof the storagetanksmainly dependson

thesizeandmaterialof therainwaterstoragetank. Different studieswerecarriedout to
reducethecost of the storageusing different low costmaterials.The costsof different
typesof-storagetanksusedin thedifferentpartsof theworld aresummarizedin Table

4.1a and4.lb. Thecostofthestoragetankgenerallydecreaseswith the increaseof the

size.

Table 4.la: Costsof rainwater storagetanks in Asia (Lee& Vissher,1990).

SL. No. System I Volume(m3) I Cost ($) AECS/rn3 I Country
1
2
3
4

Remforcedcementjar 2 25 0 17 Thailand
Concretering 11 3 250 0.29 Thailand
Wire framedferrocement 2 67 0 37 Philippines
Wire framedferrocement I 4 125 0 35 Philippines

AEC: Annual equivalentcost.

Figure 4.1: Componentsof a rainwater harvesting system
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Table 4.Ia: Costsof rainwater storage tanks in Africa (Lee & Vissher, 1990).

SL No. System Volume(m3) Cost(5) AEC S/rn3 Country
1 Smalljar standing 1 25 0.42 Togo
2 Ferrocementstandmg s 5 I 180 0.36 Kenya
3 Cementstave& rooftop 6 I 627 1.74 Togo
4 Ferrocementball I 168 0.27 Kenya
5 Polyethylene& rooftop 7 750 1.87 Botswana
6 Basket standmg 8 250 0.35 Kenya
7 Ferrocement standing 9 221 0.27 Kenya
8 Granarystanding 10 167 0.28 Togo
9 Round hut standing 10 222 0.37 Togo
10 Ferrocementstanding 10 250 I 0.28 Kenya
11 Bnckstanding 10 500 0.83 Botswana
12 i Ferrocementstanding 10
13 Ferrocementstanding 13.5
14 Ferrocementstanding 20
15 Ferrocementstandmg 21
16 Ferrocementstanding 25
17 Ferrocementstandmg 30
18 Masonrystandmg 50
19 Ferrocementgroundtank 70
20 Ferrocement groundtank 75
21 Ferrocement groundtank 78
22 Ferrocement groundtank 80

750 1.25
630 0 52
925 0 77
534 0.28
1111 0 49
1073 0 39
3500 0 78
1750 0 28
1937 0.29
872 0.12

2000 0.27

Botswana
Kenya
Tanzania
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya

AEC: Annuaiequivalentcost

AEC is calculatedby assumingthatthetanksarefilled threetimeseachyearovertwo
rainy seasons,that all wateris usedandthatthe tanicslast for 30 years.

Fromthetables,it is clearthatrainwaterstorageis anexpensiveoptionwhencompared

against the groundwaterabstractionby handpump. The AEC for a handpumpis

estimated0.006 $/m3, whereasthe lowest AEC for rainwaterstorageis 0.12 S/rn3 for
Africa and0.17 $1m3for Asia.However,theestimatedcostfor groundwaterabstraction

is basedon thearsenic-freegroundwater.Thecostofthearsenictreatmentwill increase

theAEC costfor groundwater.

Thestoragetanksconstructedfrom differentmaterialsaredescribedbelow.

CorrugatedIron tank
This is an industrialproductmanufacturedin different countries.Theadvantagesofthis
tank is thefastinstallationandalso low capitalcost.However,this systemhasa limited

lifetime (8 to 15 years).Repaintingis also necessaryevery5 yearsand quality of the

paint mayadverselyaffectthequality of storedwater.Thecorrugatediron tank is also
vulnerableto manualforce (Hasse,1989). The carryingcostof manufacturedtankmay

alsobea concernin therural context.

PVCtank
Severalindustrial producersoffer different typesof PVC foil water storagetanks.The

foil is fixed insideareinforcementmeshframeworkor galvanizedsheetcylinders.The
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costof the tankvaries with thequality of the raw materialsused.This typeof tank is

not suitable for long-termuse dueto influence of ultraviolet ray on PVC foil (Hasse,
1989).

Clayring tank
Goodquality of clayis readilyavailablein manypartsAfrica, AsiaandLatin America.

Clay can be usedto build suitable rainwater storagecontainersof limited volume.
Hard-bakedtiles or rings are to be preferredas building material for water storage

tanks.A simpleglazingtechniqueis usefulin improvingtheimpermeabilityof claypot
orbarrelwalls (Hofices, 1981).However, thereis no evidenceavailableon successful

operationandmaintenanceofthis typeoftank in long termuse.

Earthenjars (motka)
Different sizesofearthenjarsarereadilyavailablein rural Bangladesh.Thesetypesof
jarsarecalled ‘Motka’. Motka aregenerallyusedin the rural areasfor storageof food

grains. Theseeasternjars are also used for short-termstorageof rainwaterby the
peopleof coastalarea(Hussain,1993). The main disadvantagesof thesejarsare safe

waterabstractionis difficult, very vulnerableto manualforce and canbeproducedin
limited size.

Cementjars
About 9 million ofcementjarswereconstructedanddistributedduring the 1 980sin the

mainly northeastpartof Thailand.It was found that thejarswere simple to construct
and maintain. The useof jars for rainwater collection was also found cost-effective

comparingto the othersourceof water(Hewison& Tunyavanich,1990).Thedesignis
ideal for small tanksandcanbe usedfor tanksup to 2 m3 with wire reinforcementorup

to 0.5 m3 without it. The constructionprocedureinvolves the useof a reusableform-
work. This canbe madeusing a hessiansackfilled with sand,straw, sawdust,rice

husksetc. for smallerjars up to 0.5 m3. For largerjars of up to 2 m3 reinforcementis

requiredand either a basketor speciallymadecementblock from-work, madefrom
about 90 curve bricks, can be used. The form-work is placed on a precastwire

reinforcedcircular base3 cm thick and up to 1 m in diameter,a 5 — 7 mm of 1:2
cementisandmortar is then carefully plasteredonto from-work. Steel wire is then

wrappedaroundthejar at about10 cm intervalsandafurther layerofplasterapplied.A

neck is producedat the top of the jar using two concentricmetal ring moulds the
smallerofwhich canbeusedto castthecover(Gould,1991).

Concreteringjars
This designis particularlysuitablefor mediumsizedtanksup to 6 m3 althoughlarger

tanks thanthis can be built. It is an attractiveoption in areaswhere aggregateand
hardcorearecheapor freely availableand where wire-meshand steelreinforcement
barsneededfor standardferrocementdesignsareexpensive.
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The constructionprocedurebasicallyinvolves using two concentricring mouldseach

madefrom two corrugatediron sheetsbolted togetherandhaving diametersof 1.9 m

and 1.65 m respectively.Theyareplacedon a 2.5 m diameter,15 cm thick weld-mesh
reinforced level concrete base laid on a 30 cm hardware foundation. Concrete

(cement:sand:hardcore1:3:3) is thenpoured into void betweenthe rings andbarbed
wire wrappedaround 12 times asreinforcement,the concretebeing pouredbetween

eachturn of the wire. Thefollowing day mouldcanbeunboltedand placedon top of

thefirst concretering anda secondring castin thesameway. Thenext daya third ring
canbe addedandon subsequentdaysfurther ringsaddedasrequired.Thetank should

be plasteredinside twice (oncewith 1:2 cement,waterproofsandmix), then a roof
addedusingfixed shuttingand finally plasteredoutside.Thetankshouldbe curedfor a

week andthe shutteringremovedbefore use.A 5 m3 tank requiresabout 12 bagsof

cement,200 m ofbarbedwire and 14 mandaysof labor(7 skilled). Themouldscanbe
reusedup to 25 times(Gould, 1991).

Ferrocementtank
Thereareanumberofdifferentferrocementdesignsavailableand largeup to 200 m3 or

morecanbebuilt usingferrocement.Theferrocementtankwith a factory mademould
has considerableadvantageswhere a series of tanks are to built with samesize.

However, this technologycanonly be chosenif a factory or experiencedworkshop
providesthefacilities for bendingcorrugatedsheetsandweldingthemneatly together.

Themould canbe used10-15 times dependingon the experienceand carefulhandling
of the staff Repairingof damageis relatively easyin this system.The estimatedlife

expectancyis 15 to 20 years.Thestructuremustbekept moist for throughout the year
(Hasse,1989).

The wire framedferrocementtank is also particularly good for tankswith capacities

between2 m3 and 10 m3 but canbeusedfor tanicsup to 16 m3 in size.The construction
consistsof making a frameout of steel reinforcing barsand wire mesh.This is then

placedon a reinforcedconcretefoundationandplasteredfrom both insideandoutside
simultaneously.The materialsrequiredfor a 10 m3 tankinclude 22 bagsof cement,40

steelreinforcingbars(9.15 m x 9 mm), 12 mm weldedwire mesh(30 m x 0.9 m), 3
cubic metersof sand. This method is currently being implementedin Philippines

(Gould, 1991).

Bambooreinforcedferrocementtank
Bamboo has been introduced as reinforcementmaterial by MT. However, 6 mm

diametermild steel is also usedfor the mail skeletal.The constructionprocedureis
similar to wire framedferrocementtank.A study showsthat thetanksconstructedwith

bamboo reinforcement works efficiently after 5 years of operation (Chembi &

Nimityongskul, 1989). However, the constructionrequiresskill specifically handling

thebamboomeshfrom breakage.
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Soil-cementblocktank
This type of low-cost tank was studiedby AlT. The estimatedcost of 8.2 m3 tank is

$135.19 and the cost of 16.25 m3 tank is 189.25 m3. The interlocking soil-cement
blockswere producedthroughcompressionof lateritic soil mixed with 10% - 15%of

cementand water (Iterbeke& Jacobus,1988). However, field study shows that this
systemhasleakageproblems,whichhasmadethis type of tankunsuccessful(Gould,

1991).

The reinforcedbrickwork tank
Brick tanksare commonthroughoutthe world and have a long history. A variety of

design exits and thesevary according to the type and availability of bricks. The
reinforcedbrick tank is moreexpensivethan the ferrocementtank, althoughthe cost

per m3 reduceswith the increasedcapacity.It coststwice as muchasa ferrocement

tank. For this reasons,this tankshould chosenwherethe capacityneededis above30

m3 andin all casesthe life ofthe structureis expectedto be 20 yearsandmore (Hasse,
1989).

4.4 WATER QUALITY PROTECTION

Rainwater has virtually no bacterial content. With few exceptions,the quality of

rainwaterprior to interceptionis moreconsistentthanthat of otherwatersources.Some
typical examplesof the compositionof rainwater are given in Table 4.2. A general

characteristicofrainwateris its low contentof dissolvedsolids. In this respectcalcium

andmagnesiumareof particularinterest. It hasbeenrecentlyrecognizedthat thereis
an inverserelationshipbetweendeathfrom heartdiseaseand the concentrationof

calcium and magnesiumin drinking water. This problemmay particularly count for
rural areasin developingcountrieswherealternativesupplyofcalciumandmagnesium

throughfoodmaybe inadequate(IWACO BV, 1981).

Table4.2: Typicalexamplesof rainwater composition (IWACO By, 1981).

SL No. Parameter Amazonarea,
Brazil

North
Carolina, USA

WestJava,
Indonesia

1 Specificconductance,i.tS/cm 40 25
2 pH 65 56
3 Chloride(C1),mg/I 1.9 0.6 3
4 Nitrate (N0

3), mg/I 0.1 0.6 1
5 Sulfate (SO4

2),mg/I 3 2.2 4
6 Iron (Fe), mg/i 0.6 Nil
7 Manganese(Mn), mg/I Nil
8 Calcium(Ca~),mg/I 4.3 0.65 2
9 Magnesium,(Mg~),mg/i 11 0.15 1

It maybejudgedthat rainwaterin its compositionis not likely to exceedthe guideline
for drinking waterqualities.However,in usingrainwaterfor drinking watersupplies,it
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is not so much the quality of the rainwateritself is important,but ratherthequality of

thewaterascollectedfrom roofanddrawnfrom thestoragetank in which thewateris

collectedandstoredfor later consumption(Hofkes,1981).

Thesourcesofpollution are:

During collection of the water:

• Contaminationfrom thecatchmentsurfacematerials.
• Contaminationby humanbeingsand largeanimals(e.g. transmissionof infection

diseases)
• Remainsof deadanimals,birds etc.

• Accumulationofdirt, leaves,excrementsofbirds, small animalsetc.

During storageofthe water

• Entry andmixing with pollutedgroundwater(in caseofgroundstorage).

• Entry ofdirt, leaves,excrementsofbirdsand smallanimalsetc.

• Algaegrowth.

• Corrosionof thereservoirmaterial.
• Transmissionofdiseaseorganismsby insectsorbirds.

Reductionor eliminationof theeffectsof thesesourcesof pollution canbe obtainedby

the following measures:

Catchmentandcollection

• Thecatchmentstructuremustbe non-toxicto thehumanbeings.

• The surface shouldbe smooth dense(hard inorganic) sincethis is less likely to

catch and hold wind-blown dust and debris. It is preferable for a roof to be
galvanizedmetal(corrugatedplatesor galvanizediron).

• Regular cleaning of the catchmentsurface, gutters and down-pipe to remove
accumulateddirt etc.

• Divertingthe first runoff, which containsmost accumulateddirt etc.
• Placing a wire meshover thetop of the down-pipeto prevententeringof dirt etc.

andpossibleclogging.

• Providing the catchmentan evenslopeto preventthe formation of pools. Steeper
slopewill furtherstimulatetheremovalofsolid waste.

• Properselectionof locationof thecatchmentto reducetheaccumulationof dirt etc.

• Filtration ofthewaterbeforeenteringthe reservoir.
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Storage

• Applicationof watertightmaterialsand constructionof abovegroundreservoirsto

preventtheinflow ofgroundwater.

• Always covering the tank to reducethe algaegrowth and to prevententry of
insects,dirt, leaves,excrementof birds etc. Covering the ventilation hole with

mosquitonetting.
• Regularcleaningof thereservoirsto removesedimentsat thebottom.

• Disinfectionofwaterby boiling andchemicaldisinfectants.

However,chemicaldisfectionis discourageddue to dangersof healthrisks from over

chlorination. One safe and simple method for improving the quality of lightly
contaminatedwateris to exposureofsmall quantities(1-3 liters) to the IJV radiationin

strong sunlight. The techniquesis also mentionedin chapter2, section2.9.4 (surface
water - pond watera.4). The method will destroyvirtually all pathogenicbacteriain

relativelyclear, lightly pollutedwater.

4.5 DESIGN PROCEDURE

Thebasisofthedesignis providedby any recordsof monthly rainfall measuredat one
or more rain gaugestations,which canbe regardedasrepresentativeof the areaunder

consideration.If no suchrainfall recordsare available, either becausethere are no
gaugestationsin the areaor becausethe rainfall recordsare too short or unreliable,

then it maybepossibleto usetherecordsfrom existingstationsoutsidethearea.This

however, may introduceseriouserrors in the analysis(Hofkes, 1981). Shortertime
intervals (e.g. weekly totals) will yield more accurateresults but do increasethe

amountofcalculationsover oneperiod with abotha time intervalofoneweekandone

month, however,show that only a limited increasein accuracyis obtained(IWACO
By, 1981). Besidesthat, monthly rainfall dataare generally included in periodical

publications of meteorologicalinstitutes and therefore more easily accessiblethan
weeklyrainfall records.

Therainfall receivedby a catchmentarea(whethera roof or groundsurface)is only

partlydischargedtowardthe storagetank.A portionof therainwaterservingto wet the
surfaceof the catchmentarea,is held in depressionsand then lost by evaporationor

infiltration in theground.

Theamountofwateryieldedpermonthby a catchmentmaybe computedas,
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f*A*R
Yield= m3/month (4.1)

1000

where,
A = catchmentarea(m2)
R = monthly rainfall (mm)
f = catchmentefficiencyfactoror runoffcoefficient

A short low-intensity rainstormaftera long dry period is likely to evaporatefor the

greaterpart, so that the usefulrunoffwould be very small. Conversely,during a long

periodofheavyrain, therunoffcoefficientmight be veryhigh. However,thecatchment

co-efficientis takenasconstantfor thereasonsof simplicity (Hofkes,1981).

Field measurementsindicate that the portion of rainfall that is actually harvested,

rangesfrom about30%for pervious,flat groundcatchmentsto over 90% for covered,

sloping-stripground catchmentsand roofs of suitable materials.The factor f, thus,
rangesbetween0.3 to 0.9 (Table4.3).

Table4.3: Runoff coefficientfor differentcatchments(Hofkes, 1981).

SL. No. Typeofcatchment f
1 Uncoveredcatchmentsurface
l.a Completelyflat terrain 0.3
1.b Slopmg0—5% 0.4
l.c Sloping5—10% 0.5
l.d Slopingmorethan10% 0.5 andmore
2 Coveredcatchmentsurface

2.a (roof) tiles 0.8 — 0.9
2.b Corrugatedsheets 0.8 — 0.9
2.c Concretebitumen 0.7 — 0.8
2.d Plasticsheets 0.7 — 0.8
3 Bnckpavement 0.5 — 0.6
4 Compactedsoil 0.4 — 0.5

Thesimplestmethodto determinetherainwaterstoragetankis to multiply thedaysof
the longestdryperiodby theamountof waterrequiredperday.

Storagevolume = D * N * Dp m3 (4.2)
1000

where,
D = demandpercapitaper day in litre

N = nos.of family members
Dp = durationof dryperiodin days

This methodgives only a roughestimateof the storagerequired.It doestakeinto the

variation of rainfall, catchmentareaand runoff coefficient. A better methodof tank
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sizing involves the mass curve analysismethod. Another systematicmethod for
estimatingstorage tank volume is optimal critical catcbmentarea-critical storage

volume(A~-V~)method.

4.5.1 Mass Curve Analysis Method

This methodinvolvesanalysisof rainfall datausingmasscurve technique.Successful
use of this method requiresa minimum of 10 years of raw data. This includes

tabulating the monthly rainfall (mm), monthly supply (liters), cumulative supply

(liters), monthly demand(liters), monthly amount stored (liters) and total amount

stored (liters). The required tank volume (given in the seventhcolumn) can be
determinedwhenthe tableis filled out. The leastamountstoredduring the dry season

is subtractedfrom the largestamount stored during the wet season.The difference
representsthe storagerequiredfor that particularyear. The difference betweenthe

largestand leastamountsstoredin eachyearis calculated.Thelargestdifferenceyields

thetanksize.

This method also can be applied graphically. However, a more accurateresult is

obtainedfrom thetabulatedcalculations.

4.5.2 Optimal A~-V~Relation Method

In this method, a relationshipbetweencritical catchmentareaper person(m2 per

capita)andminimum storagevolume providedper personserviced(m3 per capita)is

determinedbasedon a seriesof n yearsactual monthly rainfall dataand a selected
frequencyofperiodswith limited supply(calculation).This methodrequiresa seriesof

calculationusingdifferentformulas.

C*12
~ = Acmi,, = * m2/capita (4.3)

f Ramin

where,

Ac mm = Minimum catchmentarea,m2/capita
C = Monthly demandpercapita,liters/month

= Lowestamiualrainfall overtheobservedperiod,mm/year
f = runoffcoefficient

C mmlmonth (4.4)
f*p~

where,
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Amount rainfall requiredpermonthto fulfil therequiredconsumption(i.e.,

critical rainfall), m2/capita

A~* f * (R~* N~— ~ R
1)

m
3/capita (4.5)

1000

where,
D~= Deficiency(supply — demand)in a year,m3/capita

N~= Nos.of dryperiod(month)in ayear

= Rainfall duringthedry period,mm/month

Therequiredstoragevolume(Vs) is proportionalto theDc value.TheD~valueis

selectedbasedon thenumberofobservationyears(Table4.4).

Table 4.4: Number of observation and relatedD~value (IWACO By, 1981).

Numberofyears-monthly rainfall data D~value
1 — 10 Largestvalue

10—20 Onebutlargest
20 — 30 Twobut largest

D~
V~= m /consumer (4.6)

l_L*0.5*N~

where,

= storagecapacity,m3/capita
L~= Lossfactor(L/month)

Thesamecalculationswill be alsocarriedout for subsequentcatchmentareasA~
2,A~3

andA~4.A~2,A~3andA~4will becalculatedby theflowing formulas.

= A~1+ 1 (m
2/capita) (4.7)

A~
3= A~2+ 1 (m

2/capita) (4.8)

= A~
3+ 1 (m

2/capita) (4.9)

TheA~andV~valueswill be plottedandthebestfitting curvewill bedrawn.Thiscurve
provides the required storagevolume per capita for a specific catchmentareaper

capita.Otherway,acatchmentareacanbe designedfor agivenstoragevolume.
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4.6 RAINFALL PATTERNS IN BANGLADESH

Bangladeshis atropicalcountryandreceivesheavyrainfall dueto north-easterlywinds

during in the rainy season.The monthly rainfall distribution of DhakaCity basedon

rainfall datafrom 1975 to 1995 is shownin Figure4.2.

Thefigure showsthat the heavyrainfall only concentratedfrom April to October.The
rainfall from Novemberto March is very inadequateto meet the demandduring the
periods. So, rainwaterhas to be storedduring rainy seasonsto use the rainwater

through out the year. Rainwaterharvestingfor long-term usewas not considereda

potential sourcedue to unavailabilityof suitablecatchmentareaandinconvenienceof
storingwaterover 5 monthswhenit is comparedwith the handtubewells. However,
the rainwaterharvestingin Bangladeshis now consideredas potential alternative

sourceundertherecentgroundwatercontaminationofarsenic.

The rainfall distribution is not uniform over the country.The normal annualrainfall
varies from 1500 mm to 3000 mm. The Figure 4.3 shows that average rainfall

distributionover Bangladesh.

E

E

a
C

Month

Figure 4.2: Average Monthly rainfall distribution of Dhaka City
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The figure showsthat thenorth-westernpart of Bangladeshreceivesthelowestrainfall

while, the easternpart of Bangladeshreceiveshigher rainfall. However,this figure is

preparedbasedon the averageannual rainfall. In designinga rainwaterharvesting
system,the minimum annualrainfall hasmore significancethan the averageannual

rainfall. The Figure 4.4 shows the minimum annual rainfall in the different
administrativedistricts of Bangladesh.The maximum,minimum and averageannual

rainfall dataare also presentedadministrativedistrict wise in Table 1 Annex-B1. The

calculationsare carried out basedon rainfall datafrom 1964 to 1975. Thesedataare
collectedfrom BangladeshWaterDevelopmentBoard.

24°

Figure 4.3: Average annual rainfall distribution over Bangladesh.
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Figure 4.4: Minimum annual rainfall distribution over Bangladesh(District wise).

The numbersof districts with the different maximum,minimum and averageannual

rainfall arecategonzedin thetable4.5.

Table 4.5: Number of districts with
rainfall.

different minimum, maximum and average annual

SL.
No.

Minimum annual rainfall Maximum annualrainfall Averageannual rainfall
mm No.ofdistricts mm No. ofdistricts mm No. ofdistricts

1
2
3
4
5

>4000
>3000
>2000
>1000
<1000

1
0
3

42
9

>5000 3 >5000 1
>4000 4 >4000 1
>3000 14 >3000 1
>2000 31 >2000 26
<2000 3 > 1000 i 26

Dataof 9 administrativedistrictswasnotavailable

—‘

‘~ 2,

)

( ~-

C,,

Satkhira

C,

p

0 50 Kilometers
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The dry periodhasalsobeencalculatedadministrativedistrict wise.Thedry periodis

definedasthemonthwith rainfall below 38.13 n’m. This amountof rainfall is required

to meetthedemandof aperson(5 liter/day) from an averageroofsize 5 m2 percapita.
Theresultsareshownin the Table 1 Annex-B2andthemaximumdry periodis shown

in Figure4.5.

A
/ -i.; -

‘~ ±‘.. \\ ~

- ~-f_’
N 4
-.~ ‘I/~

~ —-r, -‘ ( ~
I / L

c I
.Rajshahi ~ )_,.> I”

—--%‘----- ( 1

fl 8 monthsdry period

7 monthsthy period

6 monthsdry period

fl 5 monthsdryperiod

— ~-

Sylliet ~

) —

Dhaka

~C\

‘1

Satkhira

0 50 kilometers

Figure 4.5: Maximum dry period over Bangladesh(District wise)

The numbers of districts with the different maximum, minimum and averagedry
periodsarecategorizedin thetable4.6.

V

—I
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Table 4.6: Number of districts with different maximum, minimum and average dry
period.

SL. Maximum dryperiod Minimurn dryperiod Averagedryperiod
No. month No. ofdistricts month No. ofdistricts month No. ofdistricts

I 8 5 4 6 I 6 3
2 7 ii 3 18 5 25
3 6 30 2 26 4 25
4

Data of9 a
5 9 1

dmmistrativedistrictswasnot available.
5 3 2

From the Table 4.5 and Table 4.6, six different locations from six different regions
(divisions) ofBangladeshareselectedto designthestoragevolumerequirement.These

six locationshavedifferent rangesofdry periodand annualrainfall.The locationswith

annualrainfall anddryperiodareshownin Table4.7.

Table 4.7: Study locationswith dry period and annual rainfall.

Location Dry period(months) Annual rainfall (mm)
Max. Miii. Avg. Miii. Max. Avg.

Dhaka 5 2 4 1530.8
Rajshahi 7 3 5 873 6
Comilla 6 I 2 3 1684.2
Syihet 5 1 3 2985.7
Bansal 6 2 4 1670.8
Satkhira 7 3 4 1216.7

2391.9 2025.5
1902 1 1450.5
3558.6 2372.3
5206 1 4202.2
3243.6 2216.4
24156 18158

4.7 HOUSEHOLD SIZE IN BANGLADESH

Householdsize is one of the importantparameterin designinga rainwaterharvesting

systemspecifically by using the masscurve analysismethod.It is relatedto the total
waterdemand,storagevolume andcatchmentarea.Thehouseholdsizeof Bangladesh

is given in Table4.8aand4.8b.

Table4.8a: Distribution of householdby number of persons.

Personper
household

2
3
4

5
6
7
8
9

10+
Total

477582
1411930
2421613
3164239
3233789
2746566
2019973

1344665
840881
1358975
19020483

25
7.4
12.7
16.6
17.0
14 4
10.6
71
4.4
7.2

1000

477852
2823860
7264839
12656965
16168945

16479396
14139811
10757320
7567929
15848627
104185544

0.5
2.7
7.0
12.1
15.5
15.8
13.6
10.3
7.3
152

100.0

Household
Number Percentage Number - Percentage

Population

(Populationcensus,1991) BBS, 1995
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Table 4.8b: Distribution of householdin different locality.

Personper Rural areatotal Municipality area Otherurban area National total
household total total

1 375624 56253 45975 477582
2 1143415 148748 119767 1411930
3 1972379 246812 202422 2421613
4 2576286 321459 266494 3164239
5 2636293 324733 272763 3233789
6 2243825 271538 231203 2746566
7 1654229 196870 168874 2019973
8 110847 131560 112258 1344665
9 685583 84397 70901 840881
10 425107 55347 44595 525049

11+ 660972 99873 73081 833926
Averagesize 5.48 5 50 5 47 5.48

(persons)
(Populationcensus,1991)BBS, 1995.

The averagesizeof householdis 5.48 personsand 57%populationhavinghousehold

sizebetween4 to 7. The averagehouseholdsize is takenas6 for the calculationof
designstoragecapacity.

4.8 ROOFING MATERIALS IN BANGLADESH

Different types of roofing materialsare usedin Bangladesh.These include cement

concrete, tiles, C.I./metal sheet, straw with or without polythene covering, Bamboo

with polythenecovermg.The different typesof roofing materialsare shownin Table
4.9.

Table 4.9: Dwelling householdsby materials of roof.

Locality Straw/bamboo
polythene

Tiles/C.I./meta!
sheet

Cement Totalhousehold

Rural area
Municipality area
Otherurbanarea
Bangladeshtotal

7966388
449828
572136
8988352

7362318
970999
917508

9250825

145860
516763
118689
781312

15474566
1937590
1608333
19020489

(Populationcensus,1991) BBS, 1995.

From the table, it is seenthat about48% householdsin the rural areahave tiles,
C.I./metal sheetas roofing materials.However, anotherstudy carried out in 1994

projectedthat about58%householdsin the rural areahavetiles, C.I./metalsheet(BBS,

1995).Forthestudypurpose,it canbeassumedthat at least50%ofhouseholdshasthe
roofing catchmentareamadefrom suitablematerials.
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4.9 ROOFING SIZE IN BANGLADESH

Thereis no datais availableon theaverageroofsize in Bangladesh.However,a limited

field survey was carried out in Chuadanga(from where the arsenic contaminated
samplesarecollected)on the roofsize.Only thehouseholdhavingmetalsheetasroof
materialswereconsideredandthedatais givenin Table4.10.

Table 4.10: Roofing size in a typical rural area.

Roofarea Roofarea Roofarea Roofarea Roofarea
<20m2 20-40m2 40-60m2 60-80m2 >100 m2

6 5 10 4 3

Thedatawascollectedon from the28 householdsby randomselection.This datamay
not be applicablein all rural conditionsin Bangladesh.However, it providesan idea

abouttheavailablecatchmentarea.Thestoragecapacityhasbeencalculatedusingthe

roofsize20,40 and60 m2 in methodof masscurve analysis.It is alsoobservedthat the
roof areai.e., housing size is related to the economiccondition of the household.

Moreover, economically sound families have more than one housing structures
(normally two orthree)in theirhousingpremises.

4.10 STORAGE VOLUME CALCULATION

Storagevolumesfor six different locationshavebeencalculatedby usingthe 20 years
rainfall data (from 1975-76to 1994-95). The rainfall datawere collected from the

BangladeshMeteorologicalDepartment.

4.10.1 Mass Curve Analysis Method

The calculation is basedon the techniquedescribedon section4.4.1. The following
assumptionswere usedto calculatethe designstoragevolume by using masscurve

analysismethod.

• Thefamily sizeis 6.

• Thedemandis 5 liter per capitaperday.
• Thedemandis samefor theeverymonth.

• The demandis constant from year to year.

• Therainfall patternin futurewill be similar.
• Therunoffcoefficientis 0.8.

• Evaporationfrom tankis includedin therunoffco-efficient.
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Thestoragevolume is calculatedfor roofcatchmentarea20, 40 and60 m2. Thestorage
volume for different catchmentsize and locationis tabulatedin Table 4.11 and also

shown in Figure 4.6. The calculationof storagevolume by masscurve method with
catchmentarea40 m2 for Rajshahiis shownin Table4 Annex-B.

Table 4.11: Storage
analysismethod).

volume requirement with different catchment area (Mass curve

Location Requiredstoragevolume (liter) for catchmentarea
20m2 40m2 60m2

Dhaka 4776
Rajshahi 5676
Comilla 4936
Sylhet 3360
Barisal 4164
Satkhira 4488

4152 3528
5052 4428
4472 4164
3120 2880

3828 3492
3828 3492

6000

V 5000

4000
E
2 3000
C
5.

55

U
‘-0

4Qsq m

Catchmentsize(sq.rn)

—4—Dhaka
Syihet

—~—Rajshahi
—*-— Barisal

Comilla
—I—- Satkhira

Figure 4.6: Storagevolume requirement for different catchmentsizein different locations
(masscurve analysismethod)

Thetableshowsthat themaximumstoragevolume 5676 liters arerequiredat Rajshahi
with thecatchnentareaof20 m2. For thecatchmentarea,the minimumstoragevolume

3360 liters are requiredat Sylhet. For catchmentarea 60 m2, the storagevolume
requiredfor Rajshahiis 4428 liter andfor Sylhetis 2880 liter. Thefigure showsthat the

relationshipbetweencatchmentareaand storagevolume requirementvarieswith the
locationi.e., amountandpatternof rainfall.

The yearly rainfall and required storage volume for different catchmentsize for

Rajshahidistrict is shownin Figure 4.7. Theannualrainfalls for the year11(1985-86)
and 14 (1988-89)were 1294 mm and 1275 mm respectively.However, the required

-~-

20 sq rn 60 sq m
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volumeswere 2160 liters and 4428 liters respectively.This variationwas due to the

differencein distributionofrainfall overtheyear.

II

4.10.2 Optimal A�-V~Relation Method

TheoptimalA~-V~curveswere plotted for the six locationsusing theequations4.3 to

4.9 describedm thesection4.4.2. Thefollowing assumptionswereusedin calculating

optimalA~-V~.

• Thedemandis 5 liter per capitaperday.

• Thedemandis samefor theeverymonth.
• Thedemandis constantfrom yearto year

• The rainfall patternin futurewill be similar.
• The runoffcoefficientis 0.8.
• The lossfactorfor storedwateris taken0.05 liter/month.

The optimal Ar-V. curve for six locations are shown in Figure 4.8a to 4.8f. The

calculationsof A~-V~curvefor Rajshahiareshownin Annex-B4.

E
2500

2000

1500

1000

500

0
19

Year

6000

~uuu

4000 c~

3000

2000 ~

1000

0

Rainfall —s— StorageVolume for 60 sq m

—A-— StorageVolumefor 40 sq. m —s—— StorageVolume for 20 sq m

Figure 4.7: Annual rainfall and storagevolume requirement for different catchmentsize
at Rajshahi (masscurve analysismethod).
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Figure 4.8a: Optimal A~-V~Curve

for Dhaka.
Figure 4.8b: Optimal A~-V~Curve
for Rajshahi.

6

g4
E3

<1

0

0.50 0.70 090 110

Vc (Cu. rn/cons.)

Figure 4.8e: Optimal A~-V~curve
for Bansal.

1 30 1.50

6

—5

E3

0

Figure 4.8f: Optimal A~-V~curve
for Satkhira.

Usingthe figures andrelatedequations,storagevolumesarecalculatedfor 6 persons
with catchmentsizes20 m2, 40 m2 and60 m2 andpresentedin theTable4.12.
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Figure 4.8 C: Optimal At-V. curve
for Comilla.
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Figure 4.8d: Optimal A~-V~curve
for Syihet.
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Table4.12: Storagevolume requirement with different catchmentsizes(Ar-V. method).

Location
‘

Reguired storagevolume(liters) for catchmenI area
20m2 40m2 60m2

Dhaka I 4610 3073 2423
Rajshahi 6236 5484 5087
Comilla 5400 4635 4239
Syihet 3978 3345 3008
Bansal 4905 ‘ 4206 3845
Satkhira 4991 ‘ 4277 3907

4.11 COMPARISON OF TWO METHODS

Theresultsof the abovetwo methodsare comparedin the Table 4.13 with respectof

theresultsofmasscurveanalysismethod.

Table4.13: Comparison of the results of the two methods.

Location D~fferencesin percentage
20m2 40m2 60m2

Dhaka
Rajshahi
Comilla
Syihet
Bansal
Satkhira

(-)3.48 (-)25.99
9 86 , 8 55
9.40 3 65

18.39 7.21
17.80 9.87
11.20 11.73

(-)31.18
14.88
1 77
4.44
10.11
11.88

Thetableshowsthat the designcapacitycalculatedby A~-V~methodrequiresa higher

designcapacitythancalculatedby masscurveanalysismethod(with exceptionin the

caseof Dhaka). The differencesin thesecasesvary between3.65%to 18.39%which
can be acceptable.The reasonsfor thesedifferencesmay be due to considerationof

loss factor for storedwater in the caseof A~-V~method. It is also fact that A~-V~

methoddoesnot considerthe distribution of rainfall during the dry period and only

considersthenumberof dry periodsandthetotal rainfall dunngtheseperiods.

From thefigure 4.8a(for Dhaka),thebest-fit line doesnot touchall thepoints. So, the

relatedequationsis not also very much representative(R2 = 0.7879). This may be
reasonof inconsistentresultsin caseof Dhaka.This problemcanbe solvedby taking

moreA~andV~valuesto drawthecurve,which will smoothenthecurve.

The major advantageof the masscurve analysisis the simplicity in the calculation.

However, the calculationis very much situation specific i.e., separatecalculationis
neededfor theeachhouseholdhavingdifferent catchmentareaandfamily size.

On the otherhand, the major advantageof A~-V~method is that this curve canbe

appliedto eachhouseholdin a specificarearegardlessofcatchmentareaandhousehold
size. However, this method requires expertisefor a series of calculationusing 7
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mathematicalequations. This methodgivesa highervaluefor storagevolume, which

increasesthe reliability of the systemover a long period. But, it also increasesthe
capitalcostof thesystem.

4.12 MATERIALS AND COSTING OF GUTTERS AND DOWN-PIPES

As statedin the section4.2, differentmatenalscanbeusedasguttersanddown-pipes

andtherequirementof amountmaterialsdependon theroofsize. Thetable4.14 gives
thecostingofguttersanddown-pipes.

Table4.14: Costing of gutters and down-pipes

Materials Unit Qi)’ Unit Cost(Tk *) Total cost(Tk *)
Bamboo made
Matenalcost
Accessones
Labor
Total cost

No
-

self

2
L.S.

60
-

120
100
0

220
Woodmade
Materialcost
Accessories
Labor
Total cost

cft
-

manday

0.5
L S.

2

600
-

70

300
200
140
640

PVC pipes

Materialcost
Accessones
Labor
Total cost

meter

-

manday

8
L.S.

2

50
-

70

400
200
140
740

G.I. pipes
Material cost
Accessories
Labor
Total cost

meter
-

manday

8
L.S

2

225
-

70

1800
300
140

2240
*48 5Tk= 1US$

Thebamboomadeguttersand down-pipeshave short life span.It canwork properly

onerainy season.Again, leakageis a majorconcernin caseofbambooandwoodmade
gutters and down pipes. The cost of G.I. pipes is very high comparing to other

materials. PVC pipes are very cheapand readily available at the rural areas of
Bangladesh. The PVC pipes should be used as guttersand down-pipesfor rainwater

harvestingsystemin therural areasof Bangladesh.

4.13 MATERIALS AND COSTING OF STORAGE TANKS

From thereviewof the section4.3, somepotentialmaterialsfor storagetank havebeen

selected.Thesecanbe applied in different sizes in the rural Bangladesh.No fixed
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designor matenalsareselectedon thebasison literaturereview, asthesetechnologies
requirefield-testingattherural contextofBangladesh.

Table4.15: Costing of storagetank.

Materials I Capacity(m3)
~

Totalcost(Tk.*) Per m3 Cost
(Tk*)

Ferrocement-molded tank 3.2 7170 2240
Ferrocement-wire framedtank 10 14040 1404
Ferrocement-bambooreinforcedtank 4.5 6660 I 1480
Cementjars 2.0 2800 1400
Cementring tank I 5 0 6330 1266
Bnck reinforcementtank 5 0 16500 ‘ 3300

* 48.5 Tk = 1 US$

Thoughthe cost of thetanksdecreaseswith the sizeof the tank, the cementring tank

seemsto be theleaststoragetankfor ruralBangladesh.Themain advantageof thetank

is the familiarity of the constructionprocess.Cementrings areusedand constructed
widely in therural Bangladeshfor sanitarylatrine construction.The ferrocementis not

a common technology in Bangladeshand it requires an extensive training before

construction.

The costof earthenjars wasnot comparedwith the costingof other materialsdue to

uncertaintiesregardingits applicability. However,severaljars could be usedtogether

for long-term water storage.Adequatemeasureshould be takenin waterstorageand
especiallywatercollection. The averagecostof 0.3 m3 earthenjars variesTk. 250 to

350, i.e., approximatelyTic. 1000/rn3.

4.14 CONSIDERATIONS FOR RWH IN RURAL BANGLADESH

Therainwaterharvestingin rural Bangladeshseemsasa viablealternativewatersource
in the arseniccontaminatedareaof rural Bangladesh.Thereis adequaterainfall during

the rainy seasondistributing from April/May to October.Thereis a regionalvariation

of rainfall. Lesserstoragevolume is requiredin the westernpart, anda higherstorage
volumeis requiredfor north-westernpart.

Thewaterquality is of rainwateris very high and the storedwaterquality is also very

satisfactorywhen proper attention is taken. This water is free from two extreme
contaminantsi.e., arsenicand fecal coliform (with due care).The majoradvantageof

therooftop rainwaterharvestingsystemis that the systemis independentand suitable
for scatteredsettlements.Eachhouseholdcan usetheir own separatewater storage

system.It is very convenientto theusersespeciallyto thewomento collectwaterfrom

theirhousepremises.It savesthetime of collection water from a distancesource.As
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the systemis householdbased,strongcommunitycohesionis not a very prerequisite
factorfor rainwaterharvesting.

The operationoftherainwaterharvestingis easierthanotherwatersupplysystem.No

specializedskill is necessaryto operatethe system.It doesnot requireanypumping
deviceto abstractthewater.Thesystemalsorequiresvery little maintenancework. The
maintenancework is mainly cleaningthe catchmentarea,gutters,down-pipe,storage

tanketc. The storagetankcan requireplasteringor othermaintenancework normally

oncein five yearsif thestoragetankis constructedproperly.

Theroofcatchmentareais oftenconsideredasapartofthehousingsystem.Thecostof

theroofmaintenancework shouldnot takeaccountasthecost therainwaterharvesting
system.

However, there are some difficulties that can limit the successfulapplication of

rainwaterharvestingsystem. The major considerationidentified in the development

anduseofrainwaterharvestingsystemson a sustainablebasisarediscussedbelow with
theirpossibleremedialactions.

Economicconsiderations
Economic issueis crucial to the introductionof waterharvestingsystemsto the rural
Bangladesh.Table 2.13 indicates that the capital cost involvement of rainwater
harvestingsystemper family is high comparedto other water supply systems.The

financialbasein rural areaofBangladeshis veryweakandrainwaterharvestingsystem

would not be easily affordable.About 42% of rural householdshave straw/bamboo

polythene roofing materials, which would need to be changedto more suitable
materialslike corrugatediron sheet.Thecapitalcostfor a 5 m3 cementring tank is Tic.

6330 (US $130), whereasthe percapitaannualincomein Bangladeshis US $ 342.

Clearly, up-frontpaymentin cash for a tank would presentmajor problemfor lower
incomegroups.

Although the capital cost of rainwaterharvestingis high, this someextent offset by

theirnegligible recurrentcosts. The averagelife expectancyof a storagetank is taken
about15 years.Thecost ofthesystemis alsoreduceswhenthe freelaborofthe useris

takenconsideration.

It is possibleto implementtherainwaterharvestingsystemwidely in rural Bangladesh

with the externalsupport. Governmentor other supportingorganizationcanprovide

subsidy and establish revolving funds for the capital cost of the system. The
governmenthasdone it successfullyin Thailand (Gould, 1992). Lee and Visscher
(1990)pointed out that thecommunitycontributionwas 10 to 40%in thefive African

countries.
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Another promisingoption of financing in rural Bangladeshis micro-credit scheme.
Different NGOs have achievedcommendablesuccessin micro-credit schemefor
income generatingoptions. Though rainwaterharvestingfor drinking purposesnot

consideredasan incomegeneratingactivity, it hasan indirect relationwith the income

generatione.g. healthbenefit from safedrinking water. If the costof the storagetank
couldto bepaid in monthly interest-freeinstallmentsover the5 years,themonthly cost

for the5 m3 cementjartankcometo Tk. 106 which manyfamiliescanafford.

Technicalconsiderations
Therainwaterharvestingsystemfor longterm useis a newtechnologyin Bangladesh.
Thesystemrequiresto incorporatematerials,skill andconstructionproceduresthatare
compatible with the Bangladeshiconditions. Extensive training and demonstration

programis essentialfor the constructionprocedureand operationandmaintenanceof

thesystem.

Socialconsiderations
The successof rainwater harvesting system program depends on the interest,

enthusiasmand active supportof the users.Groundwateris the majorsourceof water
supply for nearlytwo decadesin Bangladesh.Peoplemayhavenegativeattitudeabout
therainwater.Therainwaterharvestingprogramcanbe implementedonly whenpeople

have the willmgness to use the system. Failure to involve the community in the
planning, design,siting and constructionof the rainwaterharvestingis commonlya

causeof failure ofthe systemin manycountries.

One of the important steps towards achieving successful and suitable rainwater
harvestingsystemis to createawarenessof the technologyamongits potential users.

This canbe achievedthroughmassmedia, workshopand grassroot level formal and
informal meetings.

Thecommunitymustbeinvolved in theplanning,design,siting andconstructionof the
rainwater harvesting. Women should be consulted about the technologiesand
implementationstrategiesandtheirinvolvementmustbeensuredin theprogram.

Trainingactivities arerequiredboth at theprojectmanagementand at thecommunity

level. The training will be towardsprogramsustainability,community involvement,
designprocedure,siteselection,constructionof system,operationandmaintenanceof

thesystemetc.
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POND SAND FILTER

PondSandFilter (PSF),a specialsmall scalefiltering devicehasbeenusedmainly m

the coastalpartsof Bangladeshto treat thewaterfrom rain-fedponds.It is a manually
operatedtreatmentunit,basedon theprincipleof slow sandfiltration. Wateris pumped

up from thepondby ahandpumpandis pouredinto a small concretetank,havingmore
compartments,of which one is the filter chamberfilled with the sand.Water passes

throughthe sandfilter chamberfrom where it flows into adjacentstoragechamber.A

small chamberfilled with brick chips actsasa pre-treatmentunit. The treatedwater

quality dependson the efficiency of the filtration systemand also on the raw water
quality of the pond. Again, the waterquality of the pond dependson designof the

pond, the usebeingmadeof thepondby peopleandor livestock,and therunoff into
thepondofdrainageandwastewater.

It has beenreportedby a recent survey that more that 50% of PSFswere out of

operationor malfunctioningin the studyarea.The waterquality of the systemis also

questionable.This study comparesthe componentsof the systemwith the slow sand

filter and also analyzesthe water quality of PSFs.The operation and maintenance
procedureis also evaluated.On the basisof thesefindings, a designimprovementis
proposedfor PSF.An O&M procedureis also proposedto improvetheO&M activities.

5.2 MAJOR COMPONENTS OF SSF

The major componentof a PSF is a small sand filter, which operatesusing the

principles of slow sandfiltration. So, it is requiredto study the different components

andworking principle of SSF to understandtheworking principle of PSFand also to
makecomparisonbetweenPSFandSSF.

AccordingVisscheret. a!. (1987)and ThanhandHettiaratchi(1982),thefollowing are

theessentialcomponentsof a SSF.

A supernatantlayer ofraw water
The supernatantwater layerprovidesa sufficientheadof waterto maketherawwater
passthroughthefilter bed,andcreatesa sufficientdetentiontime dunngtherawwater

5.1 GENERAL
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will be subjectedto variousphysicalandbiological processes.An operatingdepthof

1.0 to 1.5 m of watermustbe maintainedat all times abovethe sandlevel. Above the
water level in the supernatantreservoir the filter walls must be carriedup to form a

freeboardabout0.2-0.3m high.

A bedoffine sand
Although any inert, granularmaterialcanbe usedas filter medium, sandis usually
selectedbecauseit is cheap,inert, durableand widely available.Whenplaced in the

filter, the sand should be free from clay, soil and organicmatter. As the amounts

required are large it is usual to employ ungradedsand as excavatedfrom natural
deposits.Somedegreeof uniformity is however,desirablein order to ensuresufficient

porosity.Accordingly,sandhavinga uniformity coefficientbetween2.0 and3.0 and an
effectivesizein therangeof0.15-0.35mm shouldpreferablybe chosen.

Grain size selectionis a crucial factorin filter performance.Bellay (1985) conducted
18 testrunswith pilot filters at a filtration rateof 0.12 rn/h andsandbed depthswere

0.97 m. He concludedthat total colifom bacteriaremovaldependson the sandgrain

sizeofthefilter (Figure5.1).
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Figure 5.1 Effect of sand sizeon removal of total coliform bacteria in slow sand filtration

(Bellamy,1985).

Continuossedimentationandstrainingof particleswill graduallyincreaseresistancein
thefilter skin (Figure 5.2), and after one to threemonths the resistancebecomestoo
high for thefilter to producesufficientsafewater.Filtration capacitycanbe resortedby

cleaningthefilter, which is doneby drainingoff the supernatantwaterandremoving
thetop 1 to 2 cmof sandbed,includingthe filter skin.

I I I I I I I
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Figure 5.2Developmentof resistancein the filter bed (Visscheretal. 1987).

For theproper functioningofthepurification processa minimumbedthicknessof 0.6

m shouldbeprovided.Additionally, allowanceshouldbe madefor theremovalof a 10-
20 mm thick layerduring regularfilter cleaning.Thereforea total bedthicknessof 1 m

is recommendedso thatthe sandwill not needto be refilledmorethanonceeveryfew

years.

Bellamy(1985)alsostudiedthe effectof sandbeddepthon percentremainingon total

coliform bacteriain effluent during slow sandfiltration. The two plottedpoints are
averagesof 164 colifom analysesfor eachpoint (Figure5.3).
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Figure 5.3 Effectof sandsizeon percentremainingof totalcoliforin bacteriain effluent in
slow sand filtration (Bellamy, 1985).

4 systemofunderdrains

Theunderdrainsystemservestwo purposes:firstly, it providesunobstructedpassageof
treatedwater andsecondly,it supportsthe bedof filter medium.Usually, it consistsof
a main and lateral drain constructedfrom perforatedpipes, or a false floor madeof
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concreteblocks or bricks, and is coveredwith layers of gradedgravel. Theselayers

prevent the filter sand entering or blocking the underdrainsand ensure uniform

abstractionof the filtered water. The thicknessof the underdrainsystem, including
gravel layers, may rangefrom 0.3 to 0.5 m, although the depth of the underdrain

systemwill besmallerif corrugatedpipesareused.

An inlet andoutletstructure
The inlet structureis intendedto allow waterto flow into thefilter without damaging

the filter skin on top of the sandbed. Usually, the inlet structureis a box, which can

alsousedto drainthesupematantwaterquickly.

Theoutlet chamberusually consistsof two sectionsseparatedby awall, on the top of
which aweir placedwith its overflow slightly abovethetop of the sandbed.This weir

preventsthe developmentof below-atmosphericpressurein the filter bed,which could

leadto the formation of air bubblesunderneaththe biological layer. The weir also
ensuresthat the filter operatesindependentlyof fluctuationsin the level of the clear-

water reservoir. By allowing the free fall of water over the weir, the oxygen

concentrationin the filtered wateris increasedandthe weir chambershould therefore
be suitablyventilatedto facilitateaeration.

A setoffilter regulation andcontrol devices
The SSF hasdifferent controllingvalvesto regulatethe flow of waterat its different
sections.Themajorvalvesare: rawwaterinlet valve,valvefor drainageof supernatant

waterlayer, valve for back-filling thefilter bedwith cleanwater,valve for drainageof
filter bedandotheroutlet chamber,valve for regulationof thefiltration rate,valve for

deliveryoftreatedwaterto waste,valvefor deliveryof treatedwaterto theclearwater

reservoir.

5.3 MECHANISMS OF SLOW SAND FILTRATION

In slow sand filter impurities in the raw water are removedby a combination of

different processessuch as sedimentation,straining, adsorption,bio-chemical and

bacteriologicalactions.Thepurificationprocessesstartin thesupernatantwaterbut the
majorpartstakeplaceon the top layerofthefilter bed.

Strainingremovesthosesuspendedparticlesthat aretoo largeto passthroughthepores

of the filter bed. It takes most exclusively at the surfaceof the filter where the
impuritiesare retainedon the top layer. This will improvethe strainingefficiencybut

also increasesthe resistanceagainst the downward water flow. Periodically the

accumulatedimpuritieshaveto be removedby scrapingoff thetop layer(IRC, 1981).
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Sedimentationremovesparticulate suspendedmatter of finer sizes than the pore
openingsby precipitationuponthe sidesof thesandgrains,in exactlythe samewayas

in any ordinarysettling tank. In suchtank, however, depositscan only form on the
bottom, while in slow sand filter the combinedsurfacearea of all filter grains is

available (Huisman, 1989). In combinationwith the low rate filtration, the combined

surfaceareaprovidesa very low surfaceloading. The settling velocity will, therefore,
be sohighthat evensmall particlecanbecompletelyremoved.

Adsorption is themostimportantpurificationprocessduring filtration, retainingfinely

divided suspendedmatter next to colloidal and molecular dissolved impurities.
Adsorption is effected in many ways, passively when a suspendedparticle has

contacteda sandgrain and is retainedon the sticky gelatinouscoating formed by
previouslydepositedbacteriaand organicmatter and actively by the physical action

betweentwo particles of matter and the electrostaticalattraction betweenopposite

electricalcharges(Huisman,1989).

Thematteraccumulatedon thefilter sandgrainsdoesnot remainthereunchanged;it is
transformedby bio-chemical and bacterial activity. Soluble ferrousand manganous

compoundsare turnedinsoluble ferric and manganicoxidehydratesthat becomepart

of the coatingaroundthesandgrains.Organicmatteris partlyoxidizedthusproviding

the energyneededby the bacteriafor their metabolism.Another part of the organic
matteris transformedinto cell material,which is usedfor bactenalgrowth.Usually, the

amountof organicmatterin therawwateris small andprovidesfood for only a limited
bacterial population.Thus, simulations with the bactenalgrowth mentionedabove,

therewill be a die-offofbactena.Organicmatteris soreleased.It is carriedawaywith
the water flow and again by otherbacteriadeeperin the filter bed. In this way the

degradableorganicmatteroriginallypresentin therawwateris graduallybrokendown

and transformedinto inorganic compoundssuchas carbondioxide, nitrate, sulfates,
andphosphates.Finally, thesearedischargedwith thefilter effluent.

Microbial actions mentionedabove need time to establish themselves.Hence, a
ripeningperiodof sufficient time is required.During this periodbacteriafrom theraw
waterare absorbedonto filter bedgrains.There,theymultiply usingtheorganicmatter

presentin the water asfood. The breakdownof organicmattertakesplace in many

stepsin eachofwhicha particulartypeofbacteriais active.

For the filtration processto be effective, it is necessarythat thebacteriadevelopand

migrate to the deeperlayers of the filter bed. This takestime, and variations in the
filtration rateshould be introducedslowly over a periodof hours. In practice,it has

beenfoundthat thefull bactenalactivity extendsovera depthof about0.6 m of filter

bed so that the effectivebed thicknessshouldbe not less than 0.7 m. The initial bed
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thicknessshouldbe 0.3-0.5 m more, to allow for a numberof filter scrapingsbefore

resandingis necessary(IRC, 1981).

The most importantpurifying action of a slow sandfilter is the removalof bacteria,
includingE.coli andpathogens.By themechanismsmentionedabove,but also by their

own movement,bacteriaadhereto the surfaceof the filter grains wheretheir food is
concentrated.For intestinal bactena,the waterenvironmentis decidedlyan unhealthy

place,wherethetemperatureis too low andinsufficientorganicmatterof animalorigin

is availableto suit their living requirements.In upperpartof the filter bed,moreover,
severaltypes of predatoryorganismsabound,feedingon bacteria.In lower part of the

filter bed bio-chemicaloxidation hasloweredthe organicmattercontent so far as to
starvethe bacteria,which venturehere.The microbiologicallife in a slow sandfilter

finally producesvarious antagonisticactions, suchas killing or at leastweakening
intestinalwith chemical(antibiotics)orbiological poisons(viruses).Theover-all effect

is markeddecreasein thenumberofE.coli andaspathogensareless likely to survive,

an evenlargerdrop in their number.The reductionof intestinalbacteriawill be larger
as proper flora and fauna of the slow sandfilter is better developed,that is with

sufficient food and not too low temperatures.As long as oxygen is available, the
microbiologicalactivity is independentof theactualcontent,but at lower temperatures
theactivity ofbacteriaeatingprotozoaandnematodesdropssharply,while on theother

handthemetabolismofintestinalbacteriaslowsdown, againincreasingtheirchanceof

survivalwhenpassingthesandbed(Huisman,1989).

5.4 MAJOR COMPONENTS OF PSF

DPHE with the collaborationof UNICEF have beenand testing and promoting this
type of filtering unit since 1984. The onginal designof PSF hasbeenmodified in

different stagesto overcomethe problems identified at the field level. The major

problemswith the initial designidentifiedatthefield level were:

• Low discharge,totally inadequateto meetthedemandoflocalpeople,

• A thick layerofclay formson thesurfaceofthesand,

• Theuseful capacityofthewaterchamberis very low (only 90 liters),

• The outlet chamber is so small that is difficult to canyout the cleaning and
maintenance,
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• Whenthefilter hasa low filtration rate,thewaterrisesin thefilter andastheheight
ofthe outletwaterchamberis lower thanthefilter, unfilteredwaterenterstheoutlet

waterchamber.

• As the outerwater chamberis not sealedat the top, there is a possibility that the
filtered waterbecomespollutedagain.

To overcomethe abovementionedproblems,the following modificationshavebeen

introducedin thepresentdesign(DPHE/UNICEF,1987a).

• The internal dimensionshasbeenmcreasedto 5 ft x 5 ft (1.524m x 1.524 m) for

the filter bedand 5 ft 10 inch x 5 ft 10 inch (1.778m x 1.778 m) abovethe filter

bed. Thefilter bedsizewasformerly 4 ft x 4 ft (1.219mx 1.219m).

• The filter boxwall height is reducedto 5 ft (1.524m) from 6 ft 3 inch (1.905m) to
stop thepossibility of enteringuntreatedwaterto outletwaterchamber.

• A small pre-filter chamberis introducedbeneaththe outlet of the handpumpto
reducetheturbidity loadto thesandfilter.

• The capacityof the storagetank for treatedwater is increasedto 1000 liters. The
storagetankhasafixedcoverwith amanholefor access.

• The filter chamber is covered with a lid consisting of wooden frame with

corrugatediron sheet.

• The areaof the platform is increasedto about28 ft2 (2.6m2), which is threetimes

largerthanthe original platforms.Two Y2 inch (1.27 cm) outlet tapsareprovided

for theusers.

• The depthof themain filter bedvariesbetween1 ft 6 inch(45.72 cm) to 2 ft 6 inch

(76.2 cm). Thereis a 1 ft (30.48cm) layer of gradedkhoa(brick chips)underthe

filter bed.

ThepresentPSFhasnow thefollowing majorcomponents.

Handpump
A No.6 handtubewell is usedto pumpup the water from the pond.A 6 ft (1.8288m)
long screen(perforatedPVC pipe) is installedin thepondasfloating intake.Theintake
is fitted with PVC pipeandis connectedwith handpumpto feedrawwaterin thePSF.

The floating intake is normallyplacedin sucha way that it canabstractwater from 2 ft
6 inch(76.2cm)belowthesurfaceofthepondwater.Thehandpumpcoulddraw 20-25
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liter perminute asper standardhumanoperation.Thereare 3 stepsat theplatform to

operatethehandpump.

Pre-treatmentChamber
A small pre-filter chamber,beneaththeoutlet of the handpumpis installedto improve

the rawwaterquality by filtration and sedimentationprocess.It also can improvethe

bacteriologicalquality ofwater.Originally coconutfiber andbrick chipswereusedin

the pre-filter. But, coconutfiber requiresfrequentreplacementdueto deteriorationof
its quality. Brick chipsarenow recommendedfor thefilter chamber.

SandFilter
It is themain treatmentcomponentof the PondSandFilter (PSF). It hasa 25 ft2 (2.32
m2) filter bedwith the normaldepthofthefilter sandbedvariesfrom 9 inch (0.2286m)

to 1 ft (30.48cm). Thesize ofthe filter sandis 0.2 — 0.35 mm with the uniformity co-

efficient 1.5-1.7.Thereis a 1 ft (30.48 cm) thick layer of gradedKhoa (brick chips)
under the filter bed. This layer of brick chip acts as underdrains,which allow

unobstructedpassageof treatedwaterandsupportthe bedof filter medium.Thereis a
layerof 3 inch (7.62cm) concretelayerbelow thelayerofbnckchip.

The height of supernatantwater is 1 ft (30.48 cm). Water,which passesthrough the
sand filter, is collected at the baseof the filter chamberfrom where it flows into

adjacentstoragechamberby araisedpipe. Thisraisedpipe actslike a weir to maintain

theminimumheight of supernatantwater. It helpsfilter bedto permanentlysubmerge,

and aminimum flow of thewater to provide themicro-organismsin thefilter bedwith
a stableflow of nutrientsand oxygen.The storagetank hasthe effective capacityof
1000liters. It hasa fixed coverwith a manholefor access.

Platform
The PSF hasa platform with the dimension 5 ft 5 inch x 5 ft (2.154 m x 1.989 m).
From the storagetank, the treatedwater is deliveredthrough two ½inch (1.27 cm)

outlettapsfor public use.

Theplananddifferent sectionsofaPSFis shownin AnnexCl.

5.5 SITE SELECTION CRITERIA FOR PSF

Selectionof a proper site for PSF is very importantto properconstruction,operation
andmaintenance.The DPI{E-UNICEF (1987b)provideda guidelinefor site selection

of aPSF.

• Thepondmustbe largeenoughto ensurethatit will not dry out in thedry season.
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• Thesalinity of thepondwatermustnot exceed600 ppmat any timeoftheyear.

• Theiron contentofthepondwatermustnot exceed5 ppmat any time oftheyear.

• Thelocationof thePSFshouldbecloseto a family to ensureits security.It mustbe

freely accessibleto thepeople.

• PSF will be constructedonly when the beneficiariesshow their willingness to

participateandcontributein constructionandtakeresponsibility for operationand

routinemaintenance.

5.6 GUIDELINES FOR SELECTION OF A SURFACE WATER
TREATMENT SYSTEM IN RURAL AREAS

The rawwaterqualitiesplay an importantrole in selectionoftreatmentprocesses.The

guidelinesgiven in Table 5.1 canbeusedto selecta watertreatmentsystem,adopting
slow sandfilter asthemain process.

Table 5.1: Guideline for the selectionofa water treatment systemfor surface water in
ruralareas.

Averagerawwaterquality Treatmentrequired

Turbidity~0-5 NTU

Faecalcoliform MPNt.0

Guineawormor schistosomiasiais not endemic.

No treatment

Turbidity 0-5 NTU

Faecal coliform MIPN*:0

Slow sandfilter.

Turbidity 0-20 N11.J
Faecal coliform MPN*:1~500

Slow sandfiltration,

Chlorination, if possible.

Turbidity 20-30NYU

(30NTU for afew days)

Faecalcoliform MPN*.1~500

Pre-treatmentadvantageous;

Slow sandfiltration;

Chlorination,if possible.

Turbidity: 20-30NYU

(30NTU for severalweeks)

Faecalcoliform MPN*:1~500

Pre-treatmentadvisable,

Slow sandfiltration;

Chlonnation,if possible

Turbidity 30-150NW

FaecalcohformMPN*.500~5000

Pre-treatment,

Slow sandfiltration;

Chlorination,if possible

Turbidity 30-150NW

Faecalcoliform MIPN*. >5000

Pre-treatment,

Slow sandfiltration,

Chlorination.

Turbidity: >150NW Detailedinvestigationandpossiblepilot plants

studyrequired

Visschereta! (i987)

Note * Faecalcoliformcountsper 100 ml.
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Generally,roughing filter (horizontal flow or vertical flow) is usedas pre-treatment
filter to theslow sandfilter. Horizontal flow filter hasbeenfoundvery effectiveatrural

tropical communities,asconstructioncostsare low and maintenanceis minimal. The
higher tropical temperaturesfavor biological activity within the filter. Pilot plant

studieshaverevealedthat a properlydesignedpre-filtrationunit is capableof removing

60-70% of the suspendedsolids and 80% of the coliform organismsin raw water
(Thanh and Hettiaratchi 1982). Horizontal roughing filter consistsof different sizes

coarsematerialsseparatedby wire mesh.The filter actslike compartmentsfilled with
different sizesof coarsematerials.The numberof the compartmentsand size of the

coarsematerialsareselectedbasedon thewaterquality. Threecompartmentswith 15
mm, 10 mm and 5 mm gravelwere usedto aspre-treatmentunit for the pond water

(averageturbidity 60). More than90% turbidity and fecal coliform reduction were

observedin thehorizontalroughingfilter (Nath etal., 1992).

Ahsan (1995) worked a new pretreatmenttechnologyfor highly turbid river water,

calleddirect horizontal-flowroughingfiltration, by combiningthe principlesof direct
filtration with roughing filtration process.The HRF processwas improved to direct

horizontal-flow roughing filtration (DHRF) by rapid mixing of small and constant
amountof coagulant,typically 1 mgAl(III)/l pnorto HRF. DHRF (8 m long consisting

of 4 m first compartmentwith 20 mm diametergrainsand 4 m secondcompartment
with 8 mm diametergrains) systematicallyyielded good effluent quality (2-5 NTU)
with rawwaterturbidity of 100-400NTU. DHRF runtime was3-15 daysdependingon

rawwaterturbidity, grainsizeandfiltration rate.

The pre-treatmentunit in PSF is a small filtering box, which canbe consideredasa
rapid roughing filtration unit. This type of system is also expectedto product an

effluentsatisfactoryfor slow sandfiltration. ThePSFhasno chlorinationdevicein the
storagetank. The wateris usedfor drinking purposeswithout any chlorination. As a

small filter box is usedforthepre-treatmentandsafetychlorinationis not carriedout in
PSF, it canbe concludedthe expectedrawwaterquality is turbidity < 30 NTU and

Fecalcoliform <500/100ml.

5.7 COMPARISON OF DESIGN CRITERIA OF SSF AND PSF

Thedesigncritenaof SSFandPSFarecomparedin theTable5.2.
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Table 5.2: Comparison of designcriteria of SSF and PSF.

Criteria StandardofSSF StandardofPSF
Depthof supernatantwater 10 m— 1.5 m 0.3048m

Sandbed
Depth

UC
Effectivesize

Minimum 0.6m
20—3.0

0 15—0.35

0.2743m — 0.3048m
1.5—17

02—0.35

ThicknessofUnderdrain 0 3 m —0 5 m(mcludmg gravel

layers)
0.381 m

Inlet structure Well controlstructure Waterfalls directlyoverthe

sandfilter

Weir in outlet structure Weiron top of a brick wall in
theoutletchamber

Raised pipe m storagechamber

Filtration rate 0.1 —0 3 rn/h Notmentioned
Filter regulationandcontrol

device
Well definedcontrollmgvalves Nomajorcontrollingvalves.

Valves for only drainageof
water

Run times 20— 100days 10 —20 days

Numberof filter bed Minimum 2 1

Modeof rawwater pumping Motorized pump Handpump

Themaximumsizeofthefilter bedofSSF is generally200 m2 in rural areasto ensure

that cleaningcanbe carriedout within a day. As a rule, the minimum sizeof a filter

bed is 5 m2, but experimentshave shownthat filters of less than 1 m2 are equally
efficient (Visscheret al., 1987).It would appearthat to reducethe cost of PSF, the

designcriteriafor PSFhasbeenchangedfrom SSFthoughtheeffectiveremovalby the
mechanismof the SSF requirethe standardof SSF. It seemsthat the dimensionsof

supematantwater, filter bed height are reducedin proportionalway to the filter bed

size.

The effectsof differencein designcriteria shown in the above table are discussed
below.

Depth of supernatant water

The depth of supernatantwater is very low comparingto the standardof SSF. A
minimum 1 m supernatantwater layeris requiredto providea sufficientheadof water

and to createa sufficient detentiontime for variousphysical or biological processes
during passesof waterthroughthefilter.

Sand bed

The recommended sandfor thePSF hasa lower uniformity coefficientvaluethanthe

standardvalue. This gradessandwill providea betterremoval comparingto sandwith
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higheruniformity coefficient. However,suchuniform sandmight be fairly expensive.

Theeffectivesizeofthesandfor PSFandSSFis almostsame.

Themajor identifiedlimitation of PSFis the limited depthof thesandbed filter. It is

revealedfrom the filtration theory that full bacterialactivity extendsover a depthof

about0.6 m of filter bedso that the effectivebedthicknessshouldbenot less than0.7
m. So, it is clearthatremoval by bacterialactivity in PSFis partlyachieved.

Underdrain system

Thethicknessofunderdrainsystemin PSFis with thedesignrangeof theSSF.

Inlet structure

PSFhasno inlet structure;thewateris allowedto flow directly from thepre-treatment

chamberto top of the sandbeda PVC pipe. This direct flow of watercan damagethe

filter skin on thetop ofthesandbed. It mayalsocreatearoute for passesof bacteriain
thefilter bedto thetreatedwater.

Weir in outlet structure

A raised3.81 cm PVC connectionpipe(sandbedto storagechamber)actsasa weir in

theoutlet chamber.On the otherhand,in SSF a wall separatesthe outletchamberinto
two sectionsand aweir is placedon thetop of thewall. ThePVC connectionis in PSF
vulnerableto manualcleaningof storagetank.

Filtration rate

Thefiltration rateofPSF is not mentionedin theworking documentofPSF.However,
thesuggestedvaluefor slow sandfilter is 0.1 rn/h to 0.3 rn/h.

Filter regulation andcontrol device
Thereis no devicefor filter regulationand control the flow in PSF. This makesthe

differentuncertaintiesin operatingthe systemand it probablyeffect the treatedwater

quality.

Run times
The run time of a filtration unit dependson the raw waterquality. As the small pre-

treatmentbox in PSFdoesnot improvethewaterquality especiallythe turbidity, the
runtimeofPSFis very shortcomparingto SSF.

Number offilter bed unit

Theanothermajordisadvantageof PSFis only onefilter bedunit. After scrapingof the
top layer of sand, it takes time (one to two days) to reestablish the useful

bacteriologicallayers. In SSF, at leasttwo filter units are usedto ensuresafe and

continuosoperationandto allow oneofthebedsto becleaned.
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Modeofraw waterpumping
The water is pumpedthrougha handpumpin PSF system,wheremotorizedpump is

usedin the caseof SSF. Thetypeof supply in PSFis intermittentandtherewill be no

supplyaftercertaintime in the night. The flow rateduringnight mayceaseall together.

5.8 OPERATIONAL STATUS OF PSFs

The one of the major problemsto study the PSF is the lack of information on its
operationalconditions,the quality of the treatedwater, level of useracceptabilityetc.

There is no independentassessmentreport on performanceof PSF. WHO (1998),
Dhaka in collaboration with DPHE and UNICEF has carried out a survey on

operationalstatus130 PSFs.Only 63 (48.5%)PSFswere in operationand67 (51.5%)
PSFswerenot in working conditions.Out of 130 PSFssurveyed,70 handpumpswere

in operation and 60 (46.1%) handpumpswere not in operation. 38 (29.23%)

handpumpswerenot operabledueto sparepartsdamagedlmissing,3 (2.3%) for pump

damaged,5 (3.8%) pumps were stolen, 8 (6.15%) for non-acceptanceof PSF and 6
(4.6%) for other reasonslike faulty installation. The study did not conclude any

relationshipbetweenthe handpumpscondition and the PSF condition. It is not clear

that thenon-operationalPSFshavethemajorproblemonly with thehandpump.

The studyalsodescribesthephysicalconditionofthedifferent componentsofPSFlike

filter condition, pre-treatmentunit, platform condition, drainagecondition etc. The

result showsthat the connectionpipe is in satisfactorycondition only in 43 casesof

130. So, it is obvious that negativepressuremay developin many instancesand the
filter bedmaybecomedry at thenight.

The conclusionsdrawn form the study areasfollows. Surprisingly, the studydid not

checkthewaterqualityof thetreatedor rawwater.

• Usersarenot sufficiently awarethehealthbenefitsof drinkingPSFwater.

• Locationof PSFsis not correctly selectedin someinstances.

• Supervisionof constructionworkswasnot adequate.

• TheC.I. sheetcoveris notstrongenoughand deliveryspoutis not appropriate.

• The thicknessofsandfilter is reducedaffectingeffectivenessofPSF.

• Trainingandmaintenancetools arenot adequate.
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• Thepondsarenotprotectedagainsttheunwantedflows.

TheDPHE/UNICEF(1987)showedthat thecoliform bacteriain thetreatedwaterwere
rangingfrom 0 to 5 in 100 ml in samplescollectedfrom 5 PSFs. Contraryto this, it is

reported* that the treatedwater containsmore than 10 colifomll00 ml of samples
during mostof the time of theyear. However,the situationbecomesevenpoorerand

the watermay contain a few hundredsfecal coliform bacteriaper 100 ml which is

consideredastotally unacceptablequality.

* Reported by Dr Biiquis, A H from LCDDRB m the National Conferenceon CoordinatedAction for Arsenic

Mitigation, Dhaka 1999

5.9 LOCATION OF FIELD STUDY

A field studyhasbeencarriedout to supplementthe availableinformationon PSF.The
objectivesof the field study are to investigatephysical condition of the PSF and

comparewith the designguidelines. The study also looks into the participation of

communityin operationandmaintenanceof PSFs.Thefiled studyhasbeencarriedout
atShyamnagar,aThana(sub-district)of Satkhiradistrict (seeFigure 1.1).

Satkhirais locatedon is 22°42’N (latitude)and89°04’E (longitudinal). It is oneofthe

coastaldistricts ofBangladeshwheresuitablegroundwater(salinity free) is not readily
available. Peoplehavebeenusingpondwatertraditionally for a long time. Theponds

areabundantin this region comparingto the other regionsof Bangladesh.PSFshas
beenintroducedby DPHE-UNICEF in this areafrom the 1985. The other available

drinking water sourcesare VSST (very shallow shroudedtubewell) and manually

operateddeeptubewell. However, identification of suitablewater pocket is difficult
and life span of VSST is too short. Deep tubewell on the other handis relatively

expensive.In the Shyamnagarproperunion,VSST andPSFarethe only two available
methodsfor drinking water supply. However,still aportion of peopleusing the pond
waterdirectly. The pondusedfor drinking purposesaregenerallykeptrestrictedfor

useof other purposeslike bathing, washingof clothes,cattle bathing, fishing with

chemicalfood.This areais not vulnerableto frequentflooding.

5.10 TECHNICAL ASPECTS OF PSFs

Reason of not operation

Thefield study wascarriedout on 13 Nos. of PSFs.4 Nos. of PSFswas foundnot in

operation.2 PSFswere abandoneddue to salinewater intrusion in the pond from a
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shrimpculturefield. Other2 PSFhavebeentemporanlyout of operation.OnePSF was
in thepremiseof a charity clinic andthe handpumprequiredreplacementof spares.

The maintenancecost is generallypaid by the charity clinic and the clinic could not
repairthehandpumpdueto shortageoffund for this purpose.However,theyplannedto

repairit very next month.The otherPSF in thepremiseof WaterDevelopmentBoard

was kept out of operationdue to shortageof water. The water from the pond was

pumpedfor householdusein theoffice campus.

Sandbed
Thedepthof thesandbedwasfoundbetween11 inch (27.94cm)to 12 inch(30.48cm)

measuredin the5 PSFs. This depthwaswithin therangedefinedin thePSFdesign.

Thesandusedin thesefilters wasusedfrom thesamesource- DPHE. Thesandis also

available in the marketand some times caretakerpurchasedsandfrom the market
during their need.Thesandsamplewastakenfrom DPHEstockandthe sieveanalysis

was carriedout in the IHE laboratory.Thesieveanalysisresultis given in Table 1 in

AnnexC2 and thegrainsizedistributioncurveis shownin figure in Figure5.4.
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Figure 5.4: Grain sizedistribution of filter sand.

The uniformity coefficientwas found 2.18, which higher thanDPHE standard,but in
therangeof slow sandfilter. The effective sizewas found 0.39, which is just in the

rangeof DPHE guided rangebut above the standardgiven for slow sandfiltration.

However,44.4%ofsandwasretainedin thesievesize0.8 mm and 1 mm. Theremoval

of coliform bacteriadecreaseswith higher value of sandgrain (figure 5.1). In the
physicalobservationsof sand,it was revealedthatvery small sizes(largerthan 1 mm)
gravelwasmixed with thesand.The quality of thesandwasnotsuitablefor thesingle
treatmentfiltration unit. The removal efficiency of fecal coliform reduceswith the

increaseofparticlesize.
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Pre-treatmentchamber
Thesizeofbnckchips is not definedin the design.However,DPF[E suggeststo use1
inch (2.54cm) brick chips in the pre-treatmentchamber.In 3 PSFs,largersize brick

chips were used.The sizewasmore than2½mch (6.35 cm). Theselarger size brick

chips cannot improvethe water quality. The effectivesurfaceareaof filtering media
decreaseswith the increaseofthe sizeoffiltering materials.

In the horizontalflow coarsemediapre-filter, 3 mm to 20 mm gravelareused(Thanh,
1982).

Rawwater quality (Iron andSalinity)
The water samplesfrom 3 pondswere collectedfrom the inlet handpump. These3

pondssupply water to three PSF systems.These3 PSF plants were selectedon the

managementpoint of view. The plant 1 is in the premisesof DPFIE thanaoffice and
DPHIE office maintainsit The plant 2 is in the thanaparisad(sub-districtcouncil)
campusand maintainedby the mosquecommittee.The third plant is in openplace,

nearly the main highway and is maintainedby a caretaker.The filters were running
between10 to 12 daysafterthe lastresanding.

Theiron andchloride concentrationsofthe sampleswereanalyzedin theDPHEzonal
laboratoryatRajshahi.Theresultsareshownin Figure 5.5aand 5.5b.Theiron analysis

was carried out by colorimetnc method (standardmethod 3500-Fe)and chloride

analysiswas doneby argentometricmethod(standardmethod4500-Cl-).
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Figure 5.Sa: Fe concentration tubewell (pond) water
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Figure 5.5b: Ci concentration tubewell (pond) water

The Fe concentrationof the raw water in plant 1 was 6.5 mg!l, abovethe DPH1E

guideline(5 mg/I). TheFe concentrationsof othertwo sourcesare0.72 mg/l and 1.53

mgll respectively.

The C1 concentrationofPlant 3 is higherthanthat of othertwo plants.However, it is

below the guidevalue (600 mg/l). The C1 concentrationsof 3 plantswere 72, 77 and

277 respectively.

Turbidity reductionin PSF
The watersamplecollectedfrom the same3 plants from Tubewell, from the output

point of pre-treatmentchamberandoutlet taps for turbidity andfecal coliform analysis.
The sizeof the brick chips in the 3 pre-treatmentchamberwas between1 inch (2.54

cm). The turbidity of the sampleswas analyzedby turbidimetersat DPHE zonal
laboratoryat Rajshahi.Theresultsoftheanalysisaregiven in Table2 in AnnexC and

theturbidity reductionis shownin Figure5.6.
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Figure 5.6: Turbidity reduction in PSFsystem
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Themaximumturbidity observedin therawwaterwas 65 in plant 1. Theturbidity in
the treatedwaterwas found 4, 1 and 3 which was the below the advisableturbidity

limit (5 NTU). Theremovalefficiency of the pre-treatmentchamberwas foundhighly
variable,rangingfrom 7.4% (Plant 3) to 53.85%(Plant 1). The removal efficiency of

sandfilter vanedfrom 86.67%(Plant 1) to 95.0%(Plant2). Thepre-treatmentchamber

was not very effective in reducingthe turbidity of the raw water. It increasedthe
turbidity loadin theslow sandfilter.

Fecalcoliform reduction in PSF
The fecal coliform test was carried out by fecal coliform membraneprocedure

(standardmethod9222D). Thesamplesfrom eachpointswerecollectedin 3 times for
the coliform tests.Theresultsof the analysisaregivenin Table 3 in AnnexC andthe

coliform reductionis shownin Figure5.7.

j100 _________________
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Figure 5.7: Fecal coliform reduction in PSF system

The fecal coliform in treatedwaterwas found between7 to 10 per 100 ml. These

valuesarehigherthantheguidelinevalue(0 per 100 ml) for dnnkingwater. However,
PSFs(pre-treatmentchamberandsandfilter) reducedthefecal coliform by 88.41%to

90.54%.The fecal coliform reduction in the pre-treatmentchamberwas found very

negligible(5.41% to 10%).

Re-sanding
Re-sandingwere carried out twice a month except two plants. The runtime was

generallyselectedwhenfiltration ratebecamevery low. In the other two plants, re-

sandingwascarriedout oncea month,regardlessoffiltration rate. About 4 to 8 inches
(10.14to 20.32 cm) sandwasscraped,washedin theplatform, dried andagainplaced

on the sandbed.The water in the filter box was drainedout before the resanding.2
menwererequiredfor the resandingpurpose.The requiredtime re-sandingwas one

working day. Users startedtaking water from the very next day after the re-sanding.
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However,it also requiredanother2 to 3 days (minimum) for growth of the biological

layer. So, if we consider3 days for growth of the biological layer and 1 day for re-

sanding,then 4 dayswere found ineffective in producingquality water for eachre-
sanding.For re-sandingtwice a month, userscan getsatisfactorywateronly 22 days.

However,it alsotook 2/3 dayswheretheusersor caretakerdid thejob. The userswere
collecting water from the nearbyPSF orthe pond during the re-sandingpenodof the

filter.

Conclusion
Thewaterqualitysamplesweretakenin the summerperiodi.e., in thedry season.The
raw water quality generallydecreasesduring the rainy seasonsas runoff from the

differentunprotectedlatrines,cattlefield etcaremixed with thepondwater. This will
also increasefecal cohformnumbersin the treatedwater.The sandfilter depthis not

foundadequateto reducethefecal coliform to theguidelinevalue.The sandgrainused
in the field wasusednot satisfactory.The sandfilter is ableto reducethe turbidity to

theguidelinevalue.

The runtime of PSF is very short which makes the O&M of the system very
complicated.It alsoreducestheeffectivedaysoftreatedwaterin amonth.

The performanceof pre-treatmentin terms of turbidity removal and fecal coliform

removalwasnot foundsatisfactory.Thepre-treatmentsystemrequiresimprovementto
reducethe turbidity load and fecal coliform load in sandfilter. An improved pre-

treatmentsystemwill enhancetheruntime ofa PSF.A small honzontalroughingfilter

canbe consideredfor pondsandfilter. Direct horizontalroughingfilter is notpossible,

as constantamount of coagulantaddition is not possiblein the manualoperatedPSF
system.

TheFe andCY concentrationsin therawwaterwerefoundacceptable.

A PSFsystemmaybe out ofordernot dueto otherproblemsnot relatedto the filtration
problems.

A PSF cannot bring thefecal coliform to the acceptablelimit, but it reducesthefecal
colifom level in the water. The effluent turbidity is within the acceptablelimit. An

improvementofthesystemcanproducewateracceptablewaterquality.
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5.11 COMMUNITY ASPECTS OF PSFs

Therole ofa caretaker
ThecaretakerofPSF is generallytheheadof afamily whosepondis usedfor thepond

sandfilter. He doesnot receiveany remunerationfor looking after the system.The
main advantagehe andhis family enjoy is thatthesystemis very closeto theirhouse.

It was observed that the caretakerhad little or no knowledgeabout the filtration

mechanism.The effectsof filtration rate,sandquality, supematantwateretc. werenot

knownto them.

Communityparticipation

The DPHE Sub-AssistantEngineerand caretakermainly selectedthe locationsof the
PSF. There is very limited role of the usersin selectingthe locationof the PSF.The

caretakerfamily and other nearbyfamilies normally paid the contributionmoneyfor
the PSF.

ThePSFwerefoundaccessibleto theall usersexceptone location.However,theusers

are very reluctantto pay the maintenancecost. The caretakershaveto pursuemany
times to receivethe money from the users.In many instances,the caretakerfamily

bearsthe costof maintenance.The userswere in the opinion that water is the basic
needfor the existenceof humanlife andgovernmentshouldbearthe costof thewater.

The usersand the caretakerhad no idea about the monthly payment systemfor a

caretakerwho will takecareaboutthesystem.

It was observedthat the one outlet tap in the threePSFswaskept closeddue to the

problemsamongthe users in taking the water. If the two points were opened,the

problemswerecreatedbetweenthetwo usersaboutpumpingwaterin thesystem.

The userswere generallypumping waterduring their collection of water. However,

some userswere found reluctantin pumping water if water is available from the
storagetank.But, it is very difficult to quantify whatpercentageof usersare unwilling

to pumpwater.

The userswere foundsatisfiedwith the systemas the PSF producesbetterquality of

water.The betterquality of water in their termswassalinity and turbidity free water.

Theusershadno otheralternativewatersourcesfor usethroughouttheyear.

Conclusion

Community contributlon for the installation and maintenanceof the PSF is very
negligible. As thecommunitywasnot concernedwith theinstallationof thesystemand
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theother decisionmaking activities,they did not the think aboutthe sustainabilityof

the system.Thereare no identified approachesfor community financing to meet the

recurrentcostof thesystem.

Adequateknowledge about the system is one of the most important factors for a

successfuloperationand maintenanceof a system. Unfortunately,caretakerdid not

receiveanypropertraining on it.

Thoughwomenwere the main collectorsfrom thePSF, their role in different level of

decisionmakingwereneglected.

The usersrequirehealthandhygieneeducationasthey still consumingthepondwater

during there-sandingperiod.

5.12 PROPOSED DESIGN IMPROVEMENTS FOR PSF

It hasbeenrevealedin the study that thereis still scopefor design improvementto
achievepotablewater from a PSF system.Thedesignimprovementsare limited in 5

components,keeping in mind the extra cost involvement. The proposeddesign
improvementis shownin Figuresin AnnexC2. The improvedcomponentswith their

expectedeffect aredescribedbelow.

Pre-treatmentChamber

Presentdesign- Onebox with largerbrickchips.

Proposeddesign- Threecompartmentswith smallersize of gravel (or brick chips)

separatedby wire mesh.The sizeof the gravelwill be V2 inch to 1 inch (12.7 mm to
25.4 mm), 1/4 inch to 1/2 inch (6.4 mm to 12.7 mm), /8 inch to ¼inch (3.2 mm to 6.4

mm). Two othercompartmentsare alsousedbeforeandafter thethreecompartments

for water.Thenewpre-treatmentunit will actasahorizontalflow roughingfilter.

Expectedimprovement— The pre-treatmentchambercan really contribute to the

treatmentprocess.It will decreasethe turbidity load to the sandfilter. So, the runtime

of thesandfilter will be increased.Theexpectedruntimewill bearound60 days.It will
alsoreducetheFC dueto longerdetentiontime in the pre-treatmentchamberand also
dueto somebiological activity.

Inlet structure
~~çnt design— No inlet structure.

Ewpsseddesign— A verysmall inlet structurebeforethesandfilter.

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh 110



M.Sc. Thesis Department of Sanitary Engineering

Expectedimprovement— It will stop the direct falling of water to the filter sandskin

and will reducethe possibilitiesof passingof bacteriato the treatedwaterwithout
treatment.It will alsoprovidegreaterfacilities during there-sandingperiod.Presently,

all thewaterin the filter box is drainedout beforethe resanding.By openingthevalve
attheinlet structuresupematantwatercanbe removedwithout disturbingthefilter bed.

Theupperportionof the sandcanbe scrappedoff andthe sandfrom the stockcanbe
laid downimmediatelyoverthe filter bed. This processwill lessdisturb thebiological

layerin thedeepersandfilter.

Filter bed unit

Presentdesign— Oneunit.

Proposeddesign— Twounits.

Expectedimprovement— It will ensuresafeandcontinuosoperationandwill allow one

ofthebedsto becleaned.Theother filter bedunit can be cleanedafterthefew daysof
thefirst bedcleaning.Thetreatedwaterfrom thecleanedfilter bedwill notbeallowed

to supply in the storagechamberfor one day. Treatedwaterwill be dischargedto

outsidedrain, asthe bacteriologicalquality ofthe filter maynot be satisfactoryin first
dayof filtration.

Filter bed
Presentdesign— Thedepthoffilter bedsand— 1 ft (30.48cm).

Proposeddesign— The depthoffilter bedsand—2 ft 3 inch (68.58cm).

Expectedimprovement— This increasedfilter bedwill allow thefull biologicalactivity

in thefilter bedandwill producetheacceptablequality ofwater.There-sandingin the

top layer (7.62 cm to 10.16 cm) will not disturbancethe developedbiological layer

alreadydevelopedin thelower filter bed.Presently,about50 percentof thesandfilter
bedarescrappedoff andagainwashedanddriedsandis placedon it.

Supernatant water

Presentdesign— Thedepthofsupematantwater— 1 ft (30.48cm).

Proposeddesign— Thedepthofsupernatantwater— 3 ft (91.44cm).

Expectedimprovement— The increasedwater depth above the filter will provide

sufficient headof water to passthroughwater the filter bed and sufficient detention
time for variousphysicalandbiological processes.
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Outlet Chamber(preventionofnegativepressurein filter bed)

Presentdesign— A raisedconnectionpipe.

Proposeddesign— A brick wall.

Expectedimprovement— The brickwall will ensurethepreventionof developmentof

negative pressure in the filter bed. It will also ensure that filter will operate
independentlyregardlessof fluctuationsin thewaterlevel in thestoragetank.It canbe

notedthat the raisedPVC connectionpipe was observedvery vulnerableto cleaning
thestoragetank.

5.13 PROPOSED O&M PROCEDURE FOR PSF

Caretaker
A fixed caretakerwill increasethe operationand maintenancesystemof a PSF.The
caretakerpreferablynot theheadofthefamily, whosepondis usedfor thesystem.It is

thegeneralobservationthat theheadof thefamily is theoldestmanin thejoint family.

A young hardworkingwith the basiceducationshould be selectedfor as a caretaker.
Thecaretakerneedsadequatetraining on theprinciplesof thesystem,theO&M system

andthe approachof communitymanagement.The caretakershouldreceivea monthly

remuneration(SayTk. 1000) from the communityand it will certainlyoffer the most

effective control mechanismto ensure that operation and maintenancetasks are
properlycamedout. If fixed remunerationis not possiblein a community,otherform

ofcompensationis alsopossiblelike provisionofatoolkit and increasedstatusetc.

Thecaretakerwill checkthewaterlevelwateratthenight andearly in themorningand

if requiredwill pumpto ensurethesufficientheightofthesupernatantwater.

The caretakerwill perform the re-sandwith the voluntary laborfrom the community.

He will alsoperformtheminorrepairof thesystemsuchasrepairingoftheoutlet taps,
replacementofsparesoftubewells(e.g.,buckets,cup-sealetc.).

Heath andhygieneeducation
The communityparticipationand health improvementcan be considerablyachieved
from a watersupply systemby a well-designedhealthandhygieneeducationprogram.

Theprogramwill demonstratetheeffect thesafewatersupplysystemandtransmission

of disease.The programshould be takenwith the consultationwith the community.
The type of programwill motivate the usersin taking responsibilityof operationand

maintenancesystem.
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Water usergroup
A waterusergroupwill be formedfor eachPSFsystemcomposedoftheusersdirectly
involved with the system.A morebalancedgenderrepresentativebody needssupport

from both men and women involved in the community. The user group will take
decisionon theoperationandmaintenanceissuesofPSF andwill assistthecaretakerto

performhis duties.Theresponsibilityfor daily operationandmaintenancelike cleaning

oftheplatform,pumpingthesystemetc.will be distributedby thewaterusergroup.

Village water committee

The representativesfrom the usergroupof the eachPSF will form a village water

committee.The committeewill supervisethe PSFsand have a close communication
with the implementingagencies.The committeewill havesomecommonaccessories
like the nets(sieves).For example,sandwill be passedthrougha netwith theopening

of 0.4 mm. Thesandpassedthroughthenet will be takenfor nextnethavingopening

of 0.2 mm. Thesandretainedon thenetwill be usedfor thefilter. Thegravelsizewill

alsobe identifiedby thesimilarway.

Fund Raising

The fundraising is one importantactivity for smoothoperationandmaintenanceof a

PSF. The communityhaveto mobilizedto contributefor the O&M of thePSF.There
should be an acceptableform of fund raising systemfor the usergroup. Thereare
severalmethodsfor fund raising for community water supply system. These are:

voluntary funds, general community revenueand community revolving fund and

productioncooperatives.Thesemethodsaredescribedin AnnexC3.
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CoNcwsloNs AND

RECOMMENDATIONS

6.1 CONCLUSIONS

Thefollowing conclusionsaredrawnon thebasisof thestudycarriedout.

Arsenicremovalby a coagulant

The coagulationtechnique for arsenic removal appears feasible for immediate
applicationasalum alongwith calciumhypochloritecanremovea substantialamount

of arsenic.Thecapitalcostof the systemis alsolow and chemicalsareavailable.The

arsenicremovalwasfounddependenton the initial iron value in the water,with higher
iron leading to increasedarsenicremoval. A commondosageof alum and calcium
hypochioritecanbe appliedfor a rangeof rawwaterto brmg the arsenicvaluedown

below the Bangladeshstandard.Optimal dosagescanbe identified and applied for
differentarsenic-ironconcentrationsfor morereliableresults.Arsenicremovalwasalso
achievedwithout addition of coagulantwhen raw water containedhigh iron. The

specificfindings on theexperimentsarebelow:

• High arsenicwas associatedwith high iron concentrationin the groundwater.

However,therewas no direct correlationbetweenarsenicandiron in groundwater

of Chuadanga,Bangladesh.The averagearsenicconcentrationwas 203 ~tg/land

averageiron concentrationwas6.9mg/i.

• 96% As(V) was removedfrom waterhaving arsenicconcentration200 p.g/l and
iron concentration6 mg/i by additionof 80 mg/l aluminum sulfate(7.3 mg Al3’7l)

and 10 mg!l calciumhypochlorite(3.3mg Cl
2/l).

• Presenceof iron in the water enhancedthe arsenic removal in the coagulation

process.TheresidualAs in the treatedwaterwas 20 j.ig/l, 18 j.tg/l and 15 j.tg/l for

initial iron concentration3 mg/l, 6 mgll and 9 mg/i respectivelywhen 80 mg/l

aluminumsulfate(7.3 mg A1
317l) and 10 mg/i calciumhypochlorite(3.3 mg Cl

2/l)

wereaddedto thewaterhavingarsenicconcentration400 j~xg!l.

• Arsenic removal efficiency was almost constantregardlessof initial arsenic

concentration. The removal efficiencies were 95%, 96% and 96.3% for initial

arsenicconcentration200 ~ig/l,400 ~.xg/land 600 j~xg/lrespectivelyby addition of
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100 mg/l aluminumsulfate(9.1 mg Al3~7l)and 10 mg/i calciumhypochlorite (3.3

mgC1
2/l).

• The optimal dosing to achievethe WHO guideline canbe identified for different

initial arsenic-ironconcentrationin water(Table3.5).

• Arsenic removal was also achievedby usmg the iron presentin the water. The

Bangladesharsenic standard (50 jtg/L) was obtained from initial As(V)

concentration200 j.tg/L, 400 ~.tg/Land600 ~ig/Lwhentheinitial iron concentrations

were6 mg/l, 9 mg/l and 12 mg/i.

Rainwaterharvesting

Rainwaterharvestingis foundtechnicallyfeasibleon thebasisoftheprevailingrainfall

pattern. 58% of householdhas a roof constructedfrom technically appropriate
materials.The capitalcost of the systemis high. However, the recurrentcost of the

systemis very negligible. The systemis only feasiblefor the low-incomegroupif high

subsidy or other financial arrangementis provided. Micro-credit systemis one the
attractiveoption for financingthe storagetank,which canbe pay-backedover 5 years.

Theotherconclusionsare:

• The required size of the storagetank varies from location to location due to

distributionofrainfall. Therequiredstoragetank volume at Rajshahi(Avg. rainfall

1450mm andavg. dryperiod 5 months)is 4.4 m
3, whereasat Sylhet (Avg. rainfall

4202 mm and avg. dry period 3 months)is 2.9 m3 with an catchmentarea60 m2

(for 6 personin a family).

• MasscurveanalysisandA~-V~methodarebothfeasiblefor estimatingthecapacity.

However,A~-V~curvecanbedevelopedfor different regionsandnon-professionals
caneasilycalculatethe requiredsize for different householdat the field level by

using it.

• The estimatedcost for cementring storagetank (Tk. 1266/rn3) is found relatively

cheaperthanothermaterialstank.

Pondsandfilter
ThepresentPSF designreducesthefecal colifom significantly,but cannot bring to the

standard.Theoperationandmaintenanceof thePSFis complicatedspeciallyresanding
of filter bedafter15 daysof operationon an average.Despitedifferent limitations,PSF

can be consideredan appropriatetechnologywhereno otherappropriatemethodsof
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producingpotablewaterareavailable.An improvementofthePSFdesignmayproduce
thedesirequality of waterandreducethefrequencyofresanding.Thespecific findings

are:

• PSFcanreducetheturbidity (<4NTU) of thewaterwithin guidelinevalue.

• The sandfilter depth is not found adequateto reducethe fecal coliform to the

guidelinevalue.TheFC in thetreatedwaterwasfoundbetween7 to 10 per 100 ml.

• Thesandgrainusedin thefield wasnotsatisfactory.

• The runtime of PSF is very short which makes the O&M of the systemvery
complicated.It also reducestheeffectivedaysof treatedwaterin amonth.

• Theperformanceof pre-treatmentchamberin termsof turbidity removaland fecal

coliform removal wasnot found satisfactory.The pre-treatmentsystemrequires
improvementto reducetheturbidity loadand fecal coliform loadin sandfilter. An

improvedpre-treatmentsystemwill increasetheruntime ofaPSF.

• The proposedmodified design is expectedto improve the treatedwaterquality,

increasethefilter run time andreducetheO&M activities.
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6.2 RECOMMENDATIONS FOR TECHNOLOGY SELECTION

On thebasisofthe study,thefollowing flow-chartis recommendto selectatechnology

for water supply in an arsenicaffectedarea.Theassumptionis that userwill bearthe
mostofthecapitalcostandO&M cost.

Iswell with adepiil Yes
morethan200 m _____

feasible7

No

GOTO
A

As removal
~ by using

natural iron

Rainwater
•Ib harvesting

system

No~ No

Is arsenic conc of
nearbywell (same

depth)is below
standard?

4: No

Yes
tnbewell

~(handp~)
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Yes Yes Arsenic

removal by

coagulation

Is there a reliable is possible to arrange ~
source with sufficient tanker truck supply es~~ water by
production capacity? system9 \\ta~ce1t~~ic~,J

Yes
water-

bottledwater

No_

* Handpump will be used for abstraction of water from ringwell andperiodical dismfection is necessary.

6.3 RECOMMENDATIONS FOR FUTURE STUDY

Thefollowing recommendationsaremadefor future researchin this field.

Arsenicremovalby acoagulant

• The experimentswere carriedout in a limited scaleat the laboratorywith model
water.Arsenic removalmaybe decreased,whennaturalwell wateris usedfor the

experimentdue to the influence of watermatrix. Phosphateions or sulfate ions
presentin the watercan competewith As(V) on thehydroxidesurface.Moreover,
stirring is a majordeterminingfactorfor acoagulationprocess.Themanualstirring

at the field level may reducethe arsenicremovalefficiency. Therefore, further

studiesare requiredat the field level with thenaturalwater and also with manual
stirringin thebucketexperiments.

• Residualaluminumconcentrationandsludgehandlingare also major determining
factors when consideringthe use of the coagulation method. Thesewere not

consideredin the limited scalestudy. Furtherstudiesarerequiredto investigatethe

residualaluminumconcentrationin thetreatedwaterandthereleaseofmetalsfrom
thesludgeproduced.

A: Arequality
chemicalsreadily
available at local

market?

Havetheuser
willmgness to treat
water regularly in
bucketmethod?

Yes
—,

No

Startagainor
Take specificcase

study
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• There are further scopesto study the role of iron in arsenicremoval. The arsenic

removalefficienciesby iron presentin the water canbe comparedby addition of
oxidizing agent and without addition oxidizing agent. The arsenicremoval by
additionof coagulantcanalsobe comparedby changingthe sequenceof the dosing

— first dosingof calciumhypochloriteand mixing, after that dosing to alum and

mixing.

Rainwaterharvesting

• The studydoesnot work with thedifferent storagetanks at the field level, as these

arenot presentlyavailable.Applied researchis requiredparticularlyfor realcostof

differentmaterials in the field, improvementof storagetankusing local and low-
cost materials, financing system, impact assessment,community participation,

womeninvolvementetc.

Pondsandfilter

• A further study on the seasonaleffecton the quality of the rawwaterandtreated

water,operationallimitations especiallyduring rainyseasonis necessary.

• Theperformanceof proposedmodificationofpondsandfilter needsto be studiedat

field level.
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Annex Al: ANALYTICAL INSTRUMENTS AND CHEMICALS

Analytic instruments:
• Atomic absorptionspectrometer(AAS): PerkinElkin Elmer 1100 B with graphite

furnaceandHGA 300programmer— for total arsenicanalysis.
• Atomic absorptionspectrophotometer(FlameAAS): PerkinElkin Elmer 3100— for

iron analysis.

Chemicalandreagents:
• Demineralizedwater

• Nitric acid,HNO3: AR grade-Merck
• Nickel nitrate,NiNO3: AR grade-Merck

Hydrochloricacid,HCI: AR grade-Merck
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Annex A2: ARSENIC ANALYSIS METHODS

Preparationofstandardsolutions:

TheAs(V) stocksolutionof 1000mg/I was preparedby dissolving0.1534g As2O3 in

100.0ml demineralizedwater.This main stocksolutionwaskeptin a refrigerator. The

As(V) primary standardof 10.0 mg/l waspreparedfrom the stock solutionby diluting
1.0 ml to 100.0ml with 0.1 M HNO3. Thesecondarystandardof 1.0 mg/i wasprepared

from the primary standard.This standardwas usedwithin 2 weeks.The working

standardsof 0, 20, 40, 60, 80 ~ig/LAs(V) were preparedby diluting the appropriate

volumesof thesecondarystandardswith 0.1 M HNO3. The0 j.ig/L solutionwasusedas

the blank standard. The working standardsolutions were freshly preparedbefore

experiments.

Preparationofsamples:

The supematantobtainedfrom theAs removalexperimentwaspre-treatedwith 1 M

HNO3to adjust pH to about2 (3 drops/lOml sample)andwith Ni(N03)2 (100 j.il! 10 ml

sample)asamatrix modifier.

Calibration curve:

Theanalysisfor As was carriedout accordingto the StandardMethods (Eaton et al.,

1997)by using AAS with graphitefurnace.Thetemperatureprogrammeis asfollows:

Step Temperature°C Ramp°C/sec Holdtimesec
1 90 5 10
2 110 10 10
3 130 10 10

4 450 10 10
5 850 10 20
6 1300 10 10
7 2300 0 5

8 30 2 2

Each standardsolution (20 ~tl) was injected to the graphite tube of the AAS. The

analysisof eachstandardwas done in triplicate to venfy the methodprecision.The
linear analyticalcurvewas thenconstructedin theAAS (plot ofthe averagepeakareas

of thestandardsolutionversusconcentrationofthe workingstandards).

Thecalibrationcurvefor As measurementis asfollows.
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Annex A3: Arsenic Reduction in Different Settling Time.

As Concentration in RawWater:600 j~ig/I
Fe Concentrationin RawWater.3 mg/I

HC03 Concentrationin RawWater: 200 mg/I

SL No Dosagesof
Coagulantmg/i

Dosagesof
Ca(OCI),AH,O

mg/I

ResidualAs Concentration
After 1 hr. After 4 hr. After 24 hr

1 40 10 56 52 49
2 60 10 36 26 16
3 80 10 28 16 9

4 100 10 22 10 3

60

~ 40

~ 20

~10
0

0 4 8 12 16 20 24 28~

Settling Time (Hours)

A 40 mg/I m 60 mg/i • 80 mg/i e 100 mg/i
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Annex A4: Jar Test Results with Different Aluminum Sulfate Dosing.

Limit of detection: The limit of detection for arsenic measurementby atomic
absorptionspectrometer- graphitefurnacemethodwas found 6 j.ig/l. Ningoni (1999)
reportedthesamelimit ofdetectionfor arsenicmeasurementusing thesameapparatus.

Table1

As Concentrationin Raw Water 200 j.tg/I
Fe Concentrationin Raw Water 3 mg/I
HC03 Concentrationin RawWater.200mg/I

SettlingTime: lhr

SI. No Dosagesof
Coagulantmg/i

Dosagesof
Ca(OC1)24H20mg/I

ResidualAs
concentration

% of As
reduction

1 60 10 22 89.0

2 80 10 16 92.0
3 100 10 10 95.0

4 120 10 8 960

5 140 10 <6 >97.0
6 160 10 <6 >970

Table 2

As Concentrationin RawWater:200 ~g/1
Fe Concentration in Raw Water. 6 mg/i
HC03 Concentrationin RawWater.200 mg/i

SettlingTimeS lhr

Si. No. Dosagesof

Coagulant mg/i

Dosagesof

Ca(OCI)24H20mg/i
ResiduaiAs

concentration
% of As

reduction
1 20 10 45 775

2 40 10 38 810

3 60 10 20 900
4 80 10 8 96.0

5 100 10 6 97.0
6 120 10 <6 >97

7 140 10 <6 >97

8 160 10 <6 >97
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Table3

As Concentrationin RawWater: 200 ~.tg/l

Fe Concentrationin RawWater:9 mg/i
HC03 Concentrationm Raw Water: 200 mg/i

SettiingTime: ihr

Si. No Dosages of
Coagulantmg/I

Dosages of
Ca(OCi)24H20mg/I

Residuai As
concentration

%of As
reduction

1 20 10 41 79.5
2 40 10 20 90.0

3 60 10 8 960
4 80 10 6 97.0
5 100 10 <6 >970
6 120 10 <6 >97.0
7 140 10 <6 >97.0

8 160 10 <6 >970

Tabie4

As Concentrationin RawWater: 400 ~.Lg/l
Fe Concentrationin RawWater: 3 mg/i
HC03 Concentrationin RawWater: 200mg/I

Settling Time. ihr

Si No. Dosagesof

Coagulant mg/I

Dosagesof

Ca(OC1)24H20 mg/I

Residual As

concentration

%of As

reduction

1 60 10 25 938
2 80 10 20 950
3 100 10 16 96.0
4 120 10 13 96.8
5 140 10 12 97.0
6 160 10 9 97.8
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Table5

As Concentrationin Raw Water.400 ~ig/1
FeConcentrationin RawWater. 6 mg/I
HCOJ Concentrationin Raw Water 200mg/i

SettlingTime: lhr

Si. No Dosagesof

Coagulantmg/I

Dosagesof

Ca(OCi)2.4H20mg/i

ResidualAs

concentration
% ofAs

reduction
1 60 10 24 94.0
2 80 10 18 95.5

3 100 10 15 963
4 120 10 12 97.0

5 140 10 9 97.8
6 160 10 6 98.5

Table 6

As Concentrationin RawWater 400 p.g/I
Fe Concentrationin Raw Water: 9 mg/i
HC03 Concentrationin Raw Water:200 mg/I

SettlingTime: lhr

Si No. Dosagesof

Coagulantmg/I
Dosagesof

Ca(OCI)2.4H20mg/i
ResidualAs

concentration

% of As

reduction

1 60 10 21 94.8
2 80 10 15 963
3 100 10 ii 97.3
4 120 10 10 97.5
5 140 10 8 980
6 160 10 6 98.5

Table 7

As Concentrationin Raw Water: 600 j.tg/l

Fe Concentrationin RawWater: 3 mg/i
HCO3~Concentrationin RawWater200mg/I

SettlingTime. lhr

— SI. No. Dosagesof

Coagulantmg/i
Dosagesof

Ca(OCI)24H20mg/i
ResidualAs

concentration
% ofAs

reduction
1 60 10 39 935
2 80 10 37 938
3 100 10 22 96.3

4
5

120 10 20 967
140 10 17 97.2

6 160 10 13 978
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Table8

As Concentrationin Raw Water600 pg/i
Fe Concentrationin RawWater: 6 mg/I
HC03 Concentrationin RawWater. 200mg/I

SettiingTime: lhr

Si. No Dosagesof
Coagulantmg/i

Dosagesof
Ca(OC1)2.4H,Omg/I

ResidualAs
concentration

% of As
reduction

1 60 10 29 95.2
2 80 10 23 962
3 100 10 14 977
4 120 10 12 98.0
5 140 10 9 98.5
6 160 10 8 98.7

Table 9

As Concentrationin RawWater 600 pg/i
Fe Concentrationin RawWater 9 mg/I
HC03 Concentrationm RawWater200mg/i

SettlingTime lhr

Si. No. Dosagesof

Coagulantmg/i

Dosagesof

Ca(OCi)24H20 mg/i

ResidualAs

concentration

% of As
reduction

1 60 10 22 963
2 80 10 16 97.3
3 100 10 12 980
4 120 10 12 98.0
5 140 10 10 98.3
6 160 10 7 98.8
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Annex A5: Jar Test Results with Original Iron in Water (Without addition of
Coagulant and Calcium hypochlorite).

Fe
mg/I

As
0 2 mg/i

Removal
Efficiency (%)

As
0.4 mg/i

Removal
Efficiency (%)

As
0 6 mg/i

Removal
Efficiency (%)

3 115 42.5 240 40 490 1833

6 46 77 105 73 75 415 30.83
9 18 91 47 88.25 76 8733
12 14 93 32 92 46 92.33
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Annex A6: Turbidity in Different Settling Time.

Table 1

As Concentrationin RawWater 400pg/I
Fe Concentrationin RawWater 9 mg/I
HC03 Concentrationin RawWater.200 mg/I

SL. No Dosagesof
Coagulantmg/I

Dosagesof
Ca(OC1)24H20

mg/I

Turbidity (FNU)
After 1 hr. After 4 hr After 24 hr.

1 60 10 156 024 0.14

2 80 10 1.26 0.26 Oil
3 100 10 1.38 0.24 012
4 120 10 1.33 0.43 028
5 140 10 144 0.08 008
6 160 10 1.75 0.22 024
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Annex Bi: Maximum, Minimum and Average Annual Rainfall

Table 1
Si No Districts Maximum

Rainfall (mm)
Minimum

Rainfall (mm)
Average

Rainfall (mm)
1 Panchaghar 3718.9 1467.0 22376
2 Thakurgao 2090.3 1497 1 2131.7

3 Nilphaman 3138.6 1061.8 2001 9

4 Lalmonirhat 4068.8 1591 9 2469.1

5 Kungram 3354.8 1609.1 2194.0
6 Rangpur 3028.1 1255.5 2098 1
7 Dinajpur 2936.4 860 7 1910.6

8 Jaypurhat 2460.7 870.3 1599.5
9 Naogaon 2137.4 1020.2 15062
10 Nawabganj 1815.0 507.8 11785
11 Rajshahi 1902.1 873.6 14505

12 Natore 2459.3 897.3 1580.5

13 Pabna 2036.9 10388 1520.7
14 Sirajganj 2304.3 1262.3 1767.8
15 Bogra 2735.0 1277.7 1762.5
16 Gaibanda 2938.2 1376.6 1910.5
17 Jamalpur 2630 1 1525.6 2076 5

18 Sherpur 2130.7 1202.8 1717.5
19 Mymensingh 3128.0 1829.8 2421.5
20 Natrokona 4285.6 1927.0 2908 5
21 Kishorganj 3515.1 1645.5 2261 2
22 Norsingdi 3566.7 1632.0 2614.1
23 Gajipur 2969.3 1519.8 21876

24 Tangail 2070.6 1276.6 18482
25 Manikganj 2507.0 922.5 17278
26 Rajbari 2757.3 11825 1670.9
27 Fandpur 2563.6 13567 1854.2
28 Gopaiganj
29 Madaripur 2459.7 14866 1954.1

30 Shanyatpur

31 Munshiganj 5068.8 1660.7 24969
32 Narayanganj 2036.3 1731 0 1853 8

33 Dhaka 2391.9 15308 2025.5
34 Sunamganj 6988.6 42733 5558.7

35 Syihet 5206.1 29857 4202.2

36 Mulobibazar 3381.2 2165 1 2646 1
37 Hobiganj 4243.2 1698.8 24843
38 Bramanbaria 2843.7 1598.6 20745
39 Comiiia 3558.6 1684.2 2372.3

40 Chandpur 2648.2 997.3 1879.7
41 Laxmipur 3474.5 1671 7 2456.5
42 Noakhali 3177.7 17032 2227.1
43 Feni 4562.7 21545 3240.0
44 Chittagonj

Contd
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SI. No Districts HighestDry

Penod(Month)
LowestDry

Period(Month)
Average Dry

Period(Month)
45 Khagrachon

46 Rangamati

47 Bandarbon

48 Cox’sBazar
49 Pirojpur 29740 1321.8 20734

50 Jalokhathi 2835 1 1264.6 2145 3
Si Bansal 32432 16708 22164

52 Bhoia 29366 i824.6 2393.5
53 Pothuakhali 3451 4 1903.7 2646.7

54 Barguna 32222 17692 2561.3

55 Meherpur

56 Kustia 1802.7 9722 1413.1

57 Chuadanga 2483 1 972.3 1500.6

58 Jinaidah 20096 1068.3 1506 2

59 Magura 2281 9 1200.6 1674 5

60 Jessore 2144 1 1049 3 1722 8
61 Norail 2028.5 1206.9 16374
62 Bagerhat
63 Khuina 2386.6 13504 1854.9
64 Satkhira 2415.6 1216.7 1825.4
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Annex B2: Maximum, Minimum and Average Dry Period

Table 1
Si No Districts Highest Dry

Period (Month)
LowestDry

Period(Month)
AverageDry

Period(Month)
1 Panchaghar 7 1 6
2 Thakurgao 7 4 5
3 Nilphaman 7 4 5
4 Lalmonirhat 6 3 5
5 Kurigram 6 3 5

6 Rangpur 6 2 5
7 Dinajpur 8 2 5
8 Jaypurhat 8 4 6
9 Naogaon 8 4 6
10 Nawabganj 8 4 5
11 Rajshahi 7 3 5

12 Natore 7 4 5
13 Pabna 7 2 5

14 Sirajganj 6 2 5

15 Bogra 6 3 5
16 Gaibanda 7 1 5

17 Jamaipur 6 3 5
18 Sherpur 7 3 5

19 Mymensingh 5 3 4
20 Natrokona 6 3 4
21 Kishorganj 5 3 4
22 Norsingdi 6 2 4

23 Gajipur 6 2 4
24 Tangail 6 2 4

25 Manikganj 6 2 4
26 Rajban 6 3 5
27 Fandpur 6 2 4

28 Gopalganj
29 Madaripur 6 2 4
30 Shariyatpur

31 Munshiganj 8 3 5
32 Narayanganj 5 1 4
33 Dhaka 5 2 4
34 Sunamganj 5 2 4
35 Syihet 5 1 3
36 Muiobiba.zar 5 1 4

37 Hobiganj 6 3 4

38 Bramanbaria 5 2 5

39 Comilia 6 2 3
40 Chandpur 6 2 4
41 Laxmipur 6 2 4
42 Noakhali 6 2 5

43 Feni 6 2 4

44 Chittagonj
Contd
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Si No Districts Highest Dry

Period(Month)

LowestDry

Period(Month)

AverageDry

Period (Month)

45 Khagrachori

46 Rangamati

47 Bandarbon

48 CoxsBa.zar
49 Pirojpur 6 2 5
50 Jalokhathi 7 2 5

51 Barisal 6 2 4
52 Bhola 6 2 4
53 Pothuakhah 6 3 4
54 Barguna 6 3 4
55 Meherpur

56 Kustia 7 3 5
57 Chuadanga 6 2 5

58 Jinaidah 6 2 5
59 Magura 6 2 4
60 Jessore 6 2 4
61 Norail 6 3 5

62 Bagerhat

63 Khuina 5 3 4
64 Satkhira 7 3 4
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Annex 83: STORAGE VOLUME CALCULATION BY MASS CURVE METHOD
WITH CATCHMENT AREA 40 m2.
Station: Rajshahi

Table 1
RoofSize=4Osqm
Family size 6

Month Monthly
Rainfail

Monthly
Supply

Liters

Cumulative
Supply

Liters

Monthly Amount
Demand Stored

Liters Liters

Total

AmountStored
Liters

Volume

Required
Liters

1 109 3488 3488 900 2588 2588
2 71 2272 5760 900 1372 3960
3 381 12192 17952 900 11292 15252

4 179 5728 23680 900 4828 20080
5 197 6304 29984 900 5404 25484

6 125 4000 33984 900 3100 28584

7 0 0 33984 900 .900 27684
8 0 0 33984 900 -900 26784

9 0 0 33984 900 -900 25884
10 10 320 34304 900 -580 25304

11 4 128 34432 900 -772 24532
12 10 320 34752 900 -580 23952 4632
13 235 7520 42272 900 6620 30572

14 234 7488 49760 900 6588 37160
15 242 7744 57504 900 6844 44004

16 389 12448 69952 900 11548 55552

17 257 8224 78176 900 7324 62876
18 45 1440 79616 900 540 63416
19 1 32 79648 900 -868 62548
20 0 0 79648 900 -900 61648
21 4 128 79776 900 -772 60876
22 19 608 80384 900 -292 60584
23 0 0 80384 900 -900 59684 3732
24 229 7328 87712 900 6428 66112

25 241 7712 95424 900 6812 72924
26 543 17376 112800 900 16476 89400
27 399 12768 125568 900 11868 101268
28 157 5024 130592 900 4124 105392

29 121 3872 134464 900 2972 108364
30 162 5184 139648 900 4284 112648
31 10 320 139968 900 -580 112068
32 33 1056 141024 900 156 112224
33 1 32 141056 900 -868 111356 1292
34 46 1472 142528 900 572 111928
35 62 1984 144512 900 1084 113012
36 93 2976 147488 900 2076 115088
37 104 3328 150816 900 2428 117516
38 492 15744 166560 900 14844 132360
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39 126 4032 170592 900 3132 135492

40 149 4768 175360 900 3868 139360
41 545 17440 192800 900 16540 155900

42 92 2944 195744 900 2044 157944

43 24 768 196512 900 -132 157812

44 0 0 196512 900 -900 156912
45 45 1440 197952 900 540 157452

46 17 544 198496 900 -356 157096
47 2 64 198560 900 -836 156260 1684

48 35 1120 199680 900 220 156480
49 13 416 200096 900 -484 155996
50 46 1472 201568 900 572 156568

51 492 15744 217312 900 14844 171412

52 275 8800 226112 900 7900 179312

53 379 12128 238240 900 11228 190540
54 188 6016 244256 900 5116 195656
55 28 896 245152 900 -4 195652

56 28 896 246048 900 -4 195648
57 29 928 246976 900 28 195676

58 12 384 247360 900 -516 195160 496

59 69 2208 249568 900 1308 196468

60 0 0 249568 900 -900 195568
61 156 4992 254560 900 4092 199660
62 349 11168 265728 900 10268 209928

63 281 8992 274720 900 8092 218020

64 316 10112 284832 900 9212 227232
65 215 6880 291712 900 5980 233212
66 149 4768 296480 900 3868 237080
67 0 0 296480 900 -900 236180

68 0 0 296480 900 -900 235280 1800
69 71 2272 298752 900 1372 236652
70 49 1568 300320 900 668 237320
71 26 832 301152 900 -68 237252

72 240 7680 308832 900 6780 244032
73 290 9280 318112 900 8380 252412

74 159 5088 323200 900 4188 256600
75 574 18368 341568 900 17468 274068
76 340 10880 352448 900 9980 284048
77 398 12736 365184 900 11836 295884
78 0 0 365184 900 -900 294984
79 3 96 365280 900 -804 294180 1704
80 91 2912 368192 900 2012 296192
81 0 0 368192 900 -900 295292
82 10 320 368512 900 -580 294712

83 80 2560 371072 900 1660 296372
84 139 4448 375520 900 3548 299920

85 43 1376 376896 900 476 300396

86 260 8320 385216 900 7420 307816
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87 189 6048 391264 900 5148 312964
88 217 6944 398208 900 6044 319008
89 66 2112 400320 900 1212 320220
90 38 1216 401536 900 316 320536
91 60 1920 403456 900 1020 321556
92 1 32 403488 900 -868 320688
93 1 32 403520 900 -868 319820
94 2 64 403584 900 -836 318984
95 4 128 403712 900 -772 318212 3344
96 34 1088 404800 900 188 318400

97 121 3872 408672 900 2972 321372

98 65 2080 410752 900 1180 322552
99 366 11712 422464 900 10812 333364

100 505 16160 438624 900 15260 348624

101 149 4768 443392 900 3868 352492
102 358 11456 454848 900 10556 363048
103 0 0 454848 900 -900 362148
104 24 768 455616 900 -132 362016
105 31 992 456608 900 92 362108
106 1 32 456640 900 -868 361240
107 0 0 456640 900 -900 360340
108 10 320 456960 900 -580 359760 3288
109 94 3008 459968 900 2108 361868
110 325 10400 470368 900 9500 371368
111 294 9408 479776 900 8508 379876
112 321 10272 490048 900 9372 389248
113 297 9504 499552 900 8604 397852
114 202 6464 506016 900 5564 403416
115 0 0 506016 900 -900 402516
116 0 0 506016 900 -900 401616
117 4 128 506144 900 -772 400844
118 7 224 506368 900 -676 400168

119 3 96 506464 900 -804 399364 4052
120 75 2400 508864 900 1500 400864
121 190 6080 514944 900 5180 406044
122 232 7424 522368 900 6524 412568
123 274 8768 531136 900 7868 420436
124 146 4672 535808 900 3772 424208
125 233 7456 543264 900 6556 430764

126 77 2464 545728 900 1564 432328
127 3 96 545824 900 -804 431524

128 12 384 546208 900 -516 431008
129 3 96 546304 900 -804 430204
130 12 384 546688 900 -516 429688
131 19 608 547296 900 -292 429396 2932
132 93 2976 550272 900 2076 431472
133 81 2592 552864 900 1692 433164

134 175 5600 558464 900 4700 437864
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135 262 8384 566848 900 7484 445348

136 238 7616 574464 900 6716 452064
137 408 13056 587520 900 12156 464220

138 190 6080 593600 900 5180 469400
139 27 864 594464 900 -36 469364
140 4 128 594592 900 -772 468592
141 0 0 594592 900 -900 467692
142 4 128 594720 900 -772 466920
143 12 384 595104 900 -516 466404 2996

144 76 2432 597536 900 1532 467936
145 102 3264 600800 900 2364 470300
146 350 11200 612000 900 10300 480600
147 488 15616 627616 900 14716 495316
148 400 12800 640416 900 11900 507216
149 193 6176 646592 900 5276 512492
150 43 1376 647968 900 476 512968
151 5 160 648128 900 -740 512228
152 4 128 648256 900 -772 511456
153 1 32 648288 900 -868 510588 2380
154 30 960 649248 900 60 510648
155 36 1152 650400 900 252 510900
156 60 1920 652320 900 1020 511920
157 139 4448 656768 900 3548 515468
158 407 13024 669792 900 12124 527592
159 301 9632 679424 900 8732 536324
160 300 9600 689024 900 8700 545024
161 89 2848 691872 900 1948 546972
162 10 320 692192 900 -580 546392
163 10 320 692512 900 -580 545812
164 0 0 692512 900 -900 544912
165 4 128 692640 900 -772 544140
166 8 256 692896 900 -644 543496
167 5 160 693056 900 -740 542756
168 2 64 693120 900 -836 541920 5052
169 224 7168 700288 900 6268 548188
170 190 6080 706368 900 5180 553368
171 357 11424 717792 900 10524 563892
172 117 3744 721536 900 2844 566736
173 332 10624 732160 900 9724 576460
174 78 2496 734656 900 1596 578056
175 0 0 734656 900 -900 577156
176 8 256 734912 900 -644 576512
177 0 0 734912 900 -900 575612 2444
178 34 1088 736000 900 188 575800
179 46 1472 737472 900 572 576372
180 97 3104 740576 900 2204 578576
181 301 9632 750208 900 8732 587308
182 263 8416 758624 900 7516 594824
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183 462 14784 773408 900 13884 608708
184 238 7616 781024 900 6716 615424
185 180 5760 786784 900 4860 620284
186 127 4064 790848 900 3164 623448
187 17 - 544 791392 900 -356 623092
188 0 0 791392 900 -900 622192
189 24 — 768 792160 900 -132 622060
190 0 0 792160 900 -900 621160
191 18 576 792736 900 -324 620836
192 20 — 640 793376 900 -260 620576 2872
193 157 — 5024 798400 900 4124 624700 —

194 211 6752 805152 900 5852 630552
195 286 9152 814304 900 8252 638804
196 96 3072 817376 900 2172 640976
197 511 16352 833728 900 15452 656428 —

198 84 2688 836416 900 1788 658216
199 0 0 836416 900 -900 657316
200 92 2944 839360 900 2044 659360

201 1 32 839392 900 -868 658492
202 33 1056 840448 900 156 658648
203 0 0 840448 900 -900 657748
204 16 512 840960 900 -388 657360 2000
205 121 3872 844832 900 2972 660332

206 85 2720 847552 900 1820 662152
207 244 7808 855360 900 6908 669060
208 185 5920 861280 900 5020 674080
209 124 3968 865248 900 3068 677148
210 29 928 866176 900 28 677176
211 5 160 866336 900 -740 676436
212 0 — 0 866336 900 -900 675536 —

213 0 0 866336 900 -900 674636
214 5 160 866496 900 -740 673896 — 3280
215 55 1760 868256 900 860 674756
216 70 2240 870496 900 1340 676096
217 65 2080 872576 900 1180 677276
218 477 15264 887840 900 14364 691640
219 241 7712 895552 900 6812 698452
220 177 5664 901216 900 4764 703216 —

221 316 10112 911328 900 9212 712428 —

222 157 5024 916352 900 4124 716552
223 54 1728 918080 900 828 717380 —

224 0 0 918080 900 -900 716480
—225 18 576 918656 900 -324 716156

226 36 1152 919808 900 252 716408 —

227 5 160 919968 900 -740 715668 — 1712

228 31 992 920960 900 92 715760

229 115 3680 924640 900 2780 718540 —

—230 237 7584 932224 900 6684 725224
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231 171 5472 937696 900 4572 729796
232 206 6592 944288 900 5692 735488
233 171 5472 949760 900 4572 740060
234 130 4160 953920 900 3260 743320
235 22 704 954624 900 -196 743124
236 0 0 954624 900 -900 742224
237 17 544 955168 900 -356 741868
238 31 992 956160 900 92 741960
239 9 288 956448 900 -612 741348
240 8 256 956704 900 -644 740704 2616

The designstoragevolumeis takenfrom the differenceof month 162 and 168. This is

themaximumstoragevolumerequirementin thecalculationandit is 5052 liters.
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Annex B4: STORAGE VOLUME CALCULATION BY A~-V~METHOD.
Station: Rajshahi

Table 1: Monthly Rainfall data

Number Year MonthlyRainfali Rimm Annual rainfall

RammM J J A S 0 N D J F M A

1 1975-76 109 71 381 179 197 125 0 0 0 10 4 10 1086

2 1976-77 235 234 242 389 257 45 1 0 4 19 0 229 1655

3 1977-78 241 543 399 157 121 162 10 33 1 46 62 93 1868

4 1978-79 104 492 126 149 545 92 24 0 45 17 2 35 1631

5 1979.80 13 46 492 275 379 188 28 28 29 12 69 0 1559
6 1980-81 156 349 281 316 215 149 0 0 71 49 26 240 1852

7 1981-82 290 159 574 340 398 0 3 91 0 10 80 139 2084

8 1982-83 43 260 189 217 66 38 60 1 1 2 4 34 915
9 1983-84 121 65 366 505 149 358 0 24 31 1 0 10 1630

10 1984-85 94 325 294 321 297 202 0 0 4 7 3 75 1622

11 1985-86 190 232 274 146 233 77 3 12 3 12 19 93 1294

12 1986-87 81 175 262 238 406 190 27 4 0 4 12 76 1475

13 1987-88 102 350 488 400 193 43 5 4 1 30 36 60 1712

14 1988-89 139 407 301 300 89 10 10 0 4 8 5 2 1275

15 1989-90 224 190 357 117 332 78 0 8 0 34 46 97 1483
16 1990-91 301 263 462 238 180 127 17 0 24 0 18 20 1650
17 1991-92 157 211 286 96 511 84 0 92 1 33 0 16 1487

18 1992-93 121 85 244 185 124 29 5 0 0 5 55 70 923

19 1993-94 65 477 241 177 316 157 54 0 18 36 5 31 1577

20 1994-95 115 237 171 206 171 130 22 0 17 31 9 8 1117

Average 145 259 322 248 259 114 135 149 127 183 22.8 66.9 1495
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Annex B4

Ac and Rc Calcuiations

1 Numberof yearsofrainfail data,n

2 Consumptionperconsumer,C

3 Rainoff co-efficient,f

4 Minimum annualramfailRa

5 Catchmentarea,Ac

Ac min (C*30.5*l2)I(F*R~,,,1~)

6354
4766

38.13

31 77

mmlmonth

mm/month

mm/month

mm/month

mm/month

20

5 litlday

08

915 mm

2.5 m
2/consumer

3 m2/consumer

4 m2/consumer

5 m2/consumer

6 m2/consumer

Ac
1 = Acmm roundedup to thenexthigher integer

Ac2 = Ac1 + 1

Ac3 Ac2 + 1

Ac4 = Ac3 + I

6 Critical rainfall, Rc = (C*30.5)/(F*Ac)

Rc1

Rc2

Rc3

Rc4

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh V



M.Sc. Thesis — Annex B Department of Sanitary Engineering

Annex B4

Table 2a: Calculation of Dc for Ac1

Ac~= 3 m
2/consumer

Rc
1 = 63 54 mrnlmonth

Pc Nc Ri (mrnlmonth) Ri

mm

Nc * Rc

mm

Nc * Rc - ~

Ri

mm

Dc

m
3/cons1 2 3 4 5 6 7 8 9

1 6 29 0 0 0 10 4 43 381.24 338.24 081
2 7 10 45 1 0 4 19 0 79 444.78 365.78 088
3 5 10 33 1 46 62 152 3177 1657 040

4 5 24 0 45 17 2 88 317.7 2297 055

5 7 35 13 46 28 28 29 12 191 444.78 253.78 0.61

6 5 0 0 0 49 26 75 317.7 242.7 0.58

7 4 0 3 0 10 13 254.16 241.16 0.58
8 7 43 38 60 1 1 2 4 149 444.78 295 78 0.71

9 6 34 0 24 31 1 0 90 381.24 291.24 0.70

10 6 10 0 0 4 7 3 24 381.24 357.24 086

11 5 3 12 2 12 19 48 317.7 2697 0.65

12 5 27 4 0 4 12 47 317.7 2707 0.65

13 6 43 5 4 1 30 36 119 381.24 262.24 0.63
14 8 60 10 10 10 0 4 8 5 107 508.32 401.32 0.96
15 6 2 0 8 0 34 46 90 381.24 291.24 0.70

16 5 17 0 24 0 18 59 3177 258.7 0.62

17 5 0 0 i 33 0 34 317.7 283 7 0.68

18 7 16 29 5 0 0 5 55 110 444.78 334.78 0.80

19 5 54 0 18 36 5 113 317.7 204.7 049

20 6 31 22 0 17 31 9 110 381.24 271.24 065

Numberof yearsof rainfali data,N = 20

LargestDc = 0.96

SecondlargestDc = 0 88
So,theDc = 0 88

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh w



M.Sc. Thesis — Annex B Department of Sanitary Engineering

Annex B4

Table 2b: Caiculation of Dc for Ac2

Ac2 = 4 m
2/consumer

Rc
2= 47 66 mm/month

Pc Nc — Ri(mmlmonth) — —

I 2 3 4 5 6 7 8 9

Ri

mm

Nc * Rc
mm

Nc * Rc - Ri

mm

Dc

m
3/cons.

1 6 29 0 0 0 10 4 43 285 96 242.96 0 78
2 7 10 45 1 0 4 19 0 79 33362 254.62 081

3 4 10 33 1 46 90 19064 100.64 032

4 5 24 0 45 17 2 88 238 3 150.3 0.48
5 7 35 13 46 28 28 29 12 191 333.62 14262 046
6 4 0 0 0 26 26 190.64 16464 053
7 4 0 3 0 10 13 190.64 177.64 057
8 6 43 38 1 1 2 4 89 285.96 19696 063
9 6 34 0 24 31 1 0 90 285.96 19596 0.63
10 6 10 0 0 4 7 3 24 285 96 261 96 0 84
11 5 3 12 2 12 19 48 238.3 190.3 061
12 5 27 4 0 4 12 47 238.3 191.3 0.61
13 6 43 5 4 1 30 36 119 28596 166.96 053
14 7 10 10 10 0 4 8 5 47 333 62 286.62 0.92
15 6 2 0 8 0 34 46 90 285 96 195.96 0.63
16 5 17 0 24 0 18 59 238.3 179.3 0.57
17 5 0 0 1 33 0 34 238 3 204.3 0.65
18 6 16 29 5 0 0 5 55 285 96 230.96 0.74
19 4 0 18 36 5 59 190.64 13164 042
20 6 31 22 0 17 31 9 110 28596 175.96 056

Numberof yearsof rainfall data,N = 20

LargestDc = 0.92
SecondlargestDc = 0 84
So, the Dc = 0.84
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Annex B4

Table 2c: Caicuiation of Dc for Ac3

Ac3 = 5 m
2/consumer

Rc
3 = 38.13mm/month

Pc Nc Ri (mm/month) Ri

mm
Nc * Rc

mm
Nc * Rc - Ri

mm

Dc

m
3/cons.1 2 3 4 5 6 7 8 9

1 6 29 0 0 0 10 4 43 22878 185.78 074

2 6 10 1 0 4 19 0 34 22878 194.78 078
3 3 10 33 1 44 11439 70.39 028
4 4 24 0 17 2 43 152.52 109.52 0.44
5 6 35 13 28 28 29 12 145 22878 83.78 034

6 4 0 0 0 26 26 152.52 126.52 0.51
7 4 0 3 0 10 13 15252 139.52 0.56
8 5 38 1 1 2 4 46 190.65 144 65 0.58
9 6 34 0 24 31 1 0 90 22878 13878 056
10 6 10 0 0 4 7 3 24 22878 204.78 0.82

11 5 3 12 2 12 19 48 19065 142.65 0.57
12 5 27 4 0 4 12 47 190.65 143.65 0.57
13 5 5 4 1 30 36 76 190.65 11465 046
14 7 10 10 10 0 4 8 5 47 266.91 219.91 0.88
15 5 2 0 8 0 34 44 190.65 146.65 0.59
16 5 17 0 24 0 18 59 190.65 131 65 0.53
17 5 0 0 1 33 0 34 190.65 156.65 0.63
18 6 16 29 5 0 0 5 55 228.78 173.78 070
19 4 0 18 36 5 59 152.52 9352 037
20 6 31 22 0 17 31 9 110 22878 118.78 0.48

Numberof yearsof rainfail data,N = 20
LargestDc = 0.88
SecondlargestDc = 0.82

So, theDc = 0.82
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Annex B4

Table 2d: Calculation of Dc for Ac4

Ac4 = 6 m
2/consumer

Rc
4= 31.77mm/month

Pc Nc Ri (mm/month)
3 4 5 6 7

Ri
mm

Nc * Rc

mm
Nc * Rc - Ri

mm
Dc

m
3/cons.1 2 8 9

1 6 29 0 0 0 10 4 43 190.62 147.62 0.71
2 6 10 1 0 4 19 0 34 190.62 156.62 0.75
3 2 10 1 11 63.54 52.54 0.25
4 4 24 0 17 2 43 127.08 84.08 0.40

5 5 13 28 28 29 12 110 158.85 48.85 0.23
6 4 0 0 0 26 26 127 08 101 08 0.49
7 4 0 3 0 10 13 127.08 114.08 0.55

8 4 1 1 2 4 8 12708 119.08 0.57

9 5 0 24 31 1 0 56 158.85 102.85 0.49
10 6 10 0 0 4 7 3 24 190.62 166.62 0.80
11 5 3 12 2 12 19 48 158.85 110.85 0.53
12 5 27 4 0 4 12 47 158.85 111.85 0.54

13 4 5 4 1 30 40 127.08 87.08 0.42
14 7 10 10 10 0 4 8 5 47 222.39 175.39 0.84
15 4 2 0 8 0 10 127.08 117.08 0.56
16 5 17 0 24 0 18 59 158.85 99.85 0.48
17 4 0 0 1 0 1 127.08 126.08 0.61
18 6 16 29 5 0 0 5 55 190.62 135.62 065
19 3 0 18 5 23 95.31 72.31 0.35

20 6 31 22 0 17 31 9 110 190.62 8062 0.39

Numberof yearsof rainfaii data,N = 20
LargestDc = 0.84
SecondiargestDc = 0 80
So, theDc = 0 80
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Annex B4

Table 3: Calculation of Vc

Calculationno
Ac m2/consumer

Dc m3/consumer Nc Vc m3/conSumer

1 3 0.88 7 1.07
2 4 0.84 6 0.99

3 5 082 6 0.96

4 6 0.8 6 094

8

Vc-Ac Curw for Rajshahi

26

&

0

0 50 070 090 110 130

Vc (cu. rn/cons.)

1 50
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Annex Cl

G L.

SECTION C-C
WITH THE LID)
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Annex Cl

SECTION D-D
(WITH THE FiXED COVER)

_____ 80” 4”
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Annex Cl

SAND FILTER(S.F.)

STEPS

PRE- FILTER CHAMBER

( BRICK TUNNEL

BOLT

CONCRETE PILLAR OR BLOCK

HAND PUMP

RAISED PLATFORM

BRICK FOOT STEPS TO PUMP

CONNECTION PIPE (S.F.TO S.T.)

STORAGE TANK (S.T.)

BRICK STEPS DOWN TO FILTER a C1 W. CHEMBER

DELIVERY PIPE 8 C. I. TAPS

S.F. WASHOUT PIPE

S.T. WASHOUT PIPE

PLATFORM

P.V.C. ADAPTOR

VENT PIPE -

MANHOLE

PITCHER SEAT

FIXED COVER

S.F. LID

SAND BED (O~2—O-35mm)

GRADED KHOA ~ 3-Layers)
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Annex C2: TEST RESULTS

Table 1: SieveAnalysis of Sand

Total 173.6 100.0%

Table 2: Turbidity reduction in PSF plants

PlantNo At Tubewell After Pre-treatment After SandFilter
PIanti 65 30 4
Plant2 28 20 1
Plant3 27 25 3

Table 3: Fecal coliform reduction in PSF plants

PlantNo. At Tubewell After Pre-treatment After SandFilter
Plant 1 92, 82,95 (90) 78,80, 85 (81) 10, 12,9 (10)
Plant2 70, 65,70 (69) 65,65, 60 (63) 8, 6, 11(8)
Plant3 78,74,74(75) 68,68, 73 (70) 9, 5, 6 (7)

Aperture
size
mm

Weightof
Sieve
grns

Weight of
Sieve&

Sand

Weight of
Sand
gms

% Retained Cumulative
% Retained

Cumulative
% Passing

1 467.6 513.5 45.9 26.4% 26.4% 73.6%
0.8 439.2 469.7 30.5 17.6% 44.0% 56.0%

0.63 445.8 488.6 42.8 24.7% 68.7% 31.3%
0.56 441.7 458.6 16.9 97% 78.4% 21.6%
0.28 394.2 426.7 32.5 18.7% 97.1% 2.9%
0.18 400.1 403.1 3.0 1.7% 98.8% 1.2%
0.125 403.9 404.9 1.0 0.6% 99.4% 0.6%
Pan 438.1 439.1 1.0 0.6% 100.0% 0.0%

Study of low-cost arsenic mitigation technologies for application in rural Bangladesh hh
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Annex C4: METHODS OF COMMUNITY RAISING

VoluntaryFunds
With incidental fund-raisings, local leaders or a community group collect voluntary
contributionsfor theconstruction,repairandexpansionof the communitywatersupply.Funds
are collectedat public meetings,bazaars,lotteries, festivals,and similar social activities, or
throughdoor-to-doorcollections.

The total amount that can be collected in this way is uncertain when the size of the

contributionsis left to be decidedby individual households.Settingatargetfor theperiodto be
provided for and dividing this target by the estimatednumberof userhouseholdscan help.
Eachhouseholdthenhasayardstickwith whichto setits personalcontribution

Annual voluntary fund-raisingfor maintenancecan be a good solution in communitieswith

seasonalincome.In farming communitiesfor example,a specialcampaigncan be organizedto
raisemoneyfor the running costs of the community water supply at the time whenthe cash

cropshavebeensold. The amountof moneythat needsto be raisedshouldof coursenot to be
large. An advantageis alsoreductionof work for the local organization,as it needsto come
into action for fund collectiononly onceayear.This canbedoneat the time whenagricultural

work is slackeningandtraditionallymuchattentionis paid to socialactivities.

A limitation ofthe systemis that thereis no link with actualwateruse.Households,whichuse
largequantitiesof waterfor domesticandperhapsalsoproductivepurposessuchas livestock
andvegetables,may notpay in proportionor may evenevadepaymentcompletely.Thesystem
is thereforeonly suitablewhen thereis enoughsocial control in the communityto ensurethat

all userhouseholdspay a voluntarycontribution in accordanceto their capacityand benefits
received.

GeneralCommunity Revenue
Somecommunitiesjointly own andmangecommunalenterprises,suchasa communalfield for
a cashcrop, a village shopor flour mill. The profit madeon theseenterprises,or community

fundsgeneratedby othermeans(e.g. levies on crops,cattle sales,or business)areusedto pay
for other community expenditures,such as maintenanceand repair of a public standpost

system.

A preconditionfor this typeoffinancingis thatall householdshavemoreor lessequalaccessto

the improved water supply. Otherwisethe less fortunatehouseholdswill quite rightly object
that the serviceis paidfor from fundsto whichtheyalsocontribute.

A disadvantageofrelying on generalcommunityrevenueis that theavailability of fundsfor the
watersystemdependson the incomeandprofits from the otherenterprises.The enterprisesmay
fluctuateconsiderablyin their resultsandalso needtheir own investments.Oneoption is to try
and expandthe numberandvanetyof sourcesof communityrevenue,so that nsksare more

divided.
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Community Revolving Fund
Another interestingway to involve the community in the financing of community water
suppliesis a community-basedrevolving fund. Startingcapital may comefrom a government
donationor the issue of sharesto individual shareholders.Often thereis an upperlimit to the

numberof shareseachhouseholdmay buy. This preventswealthaccumulatingin thehandsofa
few families,anddecision-makingbecomingdominatedby the wealthierfund-members.

Using the initial capital, loans are given to individual householdsor groupsto start small

enterpnsesor improvehousingand sanitation. Upon repaymentnew loans aregiven to other

members,accordingto the decisionsof the group. Repaymentof loansplus interestmakesit
possibleto give a greaternumberof new loans to others. The communitymay also usethe
capital to setupcommunalenterpnses,such as acommunity shop or a work yardproducing
building blocks, latrine slabs and other building materials. In this way, community income

slowly growsuntil it becomespossibleto finance somebasic service.Oneof theseservices
may be safe water. Common characteristicsof successfulrevolvingvillage funds are strong
leadership,high village unity, a high level of participation,diversified sourcesof income,
diversifiedservices,compensationfor fund managers,externalinputs, including technicaland
organizationaltraining,periodicreviewandsupportvisits, andgoodreturnofinvestments.

Despiteinitial skepticism,expenencewith loanrepaymentby low-income householdsis very
positive. Womenin particularhavegained outstandingrepaymentrecordsin many countries.

Contributing factorsare the intimate knowledgewhich small communitiesor neighborhoods
haveof theirmembers’capacitiesandreliability, thecreationof groupliability andcontrol,and
the strongmotivationto makelife betterfor the children.

Production Co-operatives

Sometimes,an improved watersupply is establishedand runby agroupof householdsrather
than the community as whole. The water supply serves either the group or the whole
community.One type of group is a productionco-operative.Its memberscontributeregular
paymentsin cash or kind, or buy shares.The resulting fund is used to finance co-operative
enterpnsesor give loansto individualmembers.

Oncethe grouphas got sufficient revenue,the membersfrequently decideto usepart of their
fundsto financebasicservicesfor the group, suchaswatersupplyandhouseholdlatrines. The
fund is usedto payall or part of the constructioncosts,or to establisha maintenancefund for

an externally fmancedsystem.Becausesocial servicesto membersusually come in a later
stage,co-operativesare already well organizedby the time that they start a water supply
project Their earlier expenencewith social organizationand financial managementis also
goodproofoftheircapacityto administera smallwatersystem.

A specialform of a co-operativeapproachto an improvedwatersupply is a savingclub. Each
memberofthe club (often a women’sgroup)makesa small regularcontributionto acommunal
fund. Thesecontributionscan be in cashor in kind In somegroups,for example,members
saveahandful of rice everyday When enoughrice hasbeencollectedit is sold to increasethe
fundsof thegroup, e.g.by hiring themselvesout for agriculturallaborduringpeakseasonThe
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group’s savings are paid out to each member in turn to financea major acquisition, e.g. a
corrugatediron roof with gutter and rainwatercollection tank. In this way the women have
succeededin assistingeachother to make important improvementsfor family hygieneand
labor reduction. In other cases,the groupshaveinitiated and contributedfinancially to the

improvementof thecommunitywatersupply, andhavealso succeededin mobilizing help the

men.
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