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MastètProj&t for Qin Liang’

Title: DearsenationofDrinkhig Waterby Meansof Coagulation in Bangladesh

Background:In recent years, occurrenceof arsenicat high levels in the groundwater has
increasinglybeenacknowledgedin WestBengaland Bangladesh.Due to limitations in
capacity of epiderniotogicaland chemical testing, the arsenicproblemsare yet not
precisely sized. However, the information gained so far confirms that the region
accommodatesa vast arsenic belt inhabited by more than 70 miilions of people. It
seemsno doubtthat theWestBengal-Bangladesharsenicproblemis the largestarsenic
calamity for now in theworld. The occurrenceof arsenicin wateris mainly confinedto
shallow and intermediatedepth It is thereforeto a large extent relatedto the useof
handputnpsin therural areas.

Objective: The purposeof the project is to test and optimize a propermethod for arsenic
removal, which is suitable for use in Bangladesh.Selectionand optimization of the
method are first to be carried out in a laboratory, and then to be testedin a bucket
system

Contents:Thecontentsoftheprojectareasfollows:

1. Literaturesurveyon arsenicremoval.

2. Selectionof a mostpromisingmethodfor testing,e.g. coagulation/ co-precipitation
method.

3 Optimizationoftheremovalprocessthroughthefollowing steps:

Analyzing arsenic and iron concentrationsin the watersamplesfrom Iron
Renioval Units (IRU) in Noakhali and finding out if the IRU can remove
someof arsenicand the relation, if any, betweeniron removal and arsenic
removal.

In the laboratory,water from one oftheIRU will be usedfor testingArsenic
removalprocessby meansof JarTestApparatus(JTA). Different chemicals
will be added either separatelyor in combinationinto the water samples.
These chemicals include ferric chloride (FeC13.6H20), alum
(A12(S04)3.xH2O) and rice husk, which are available in the local market.
Different dosageswill be used.The initial and residual concentrationsof
arsenic~iron andpH will be measured.Sinceit hasbeenprovedthat arsenic
removalefficiency is higher when arsenicis in the form of arsenate,the
testedWater will be oxidized in advanceby adding sodium hypochioride
(NaC1Q)/ beachingpowder.
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• Selectingan appropriatespeedand•~durationfor mixing, and estimatingthe
S. ~ I 1jS~ ~productionofobtainedsiudgeandtheyield oftreatedwater.

• Testing of a simple filtration to assurea completesedimentationof the
sludge. . • ;- ~ - -

4. Applying theoptimalmethodto abucketsystemin laboratoryin Noalchali. -

5. EvaluationoftheMERCK ArsenicTestkit.,-~ - ~:1Lt.:J. 7.

- ..‘1- -,t1 • -- -
1’ I- -- -- . .

Durationof theproject: August 1997 - January1998, in which threemonthswere spentfor,~ -~
field work in Bangladesh. • I

Evaluation 13 scalebasedreport andoral presentation —

Supervision: In Denmark, Assoc. ProfessorJens christian Tjell. In BangladeshAssoc~ -

ProfessorEli Dahi andDr. JensThogersen. - -
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PREFACE

The presentreport is the result of my masterthesisproject carried out in the period
from August 1997 to January1998. The project is consistedof a researchwork on
dearsenationby meansof coagulation.Theresults of this project may help solving the
seriousproblemrelatedwith drinkingwatercontaminatedby arsenic.

All the experimentworkwas performedin a 3 monthstayin Bangladesh.Thejar test
experimentswere done in the laboratory at BIJET (~BangladeshUniversity of
EnvironmentEngineering)and most of theanalysesand buckettest experimentswere
donein a newly establishedlaboratoryfor DPHE - DanidaUrbanWaterand Sanitation
Project(UWASP)in Noakhali,Bangladesh.

The Tecirnical University of DenmarkQJTU), which coveredthe travel expensefor
this study trip, and TJWASP, which financially supported this project with
accommodationin Noakhali, cost of chemicalsand laboratory facilities etc. for the
experimentalwork, aresincerelyappreciated.

I would also like to expressmy sincereappreciationsto all staff at UWASP who
offered mealot of help andwith whomI enjoyedmy stayin Noakhali

Many thanksare given to BUE.T and its staffmemberswho allowedme to usetheir
laboratoryandhelpedmea lot with my work during my stayin Bangladesh.

In carryingout the field work, greathelpwas offeredby Poul, Arne, Kaj~Henrik, and
Palle,Danidaconsultantsin Bangladesh

Thesupervisorsof this projectwereAssoc.Prof. JensChristianTjell (in Danmak),and
Assoc.Prof Eli Dahi andDr. JensThzgersen(in Bangladesh),to whom ii owea great
dealfor theiradviceand assistancethroughthewhole periodof this project.
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SUMMARY

Arsenic hasbeencalled the“King of Poisons”.Yet it is found in drinking
water spot wise all over the world The natural arsenicproblems are
relatedto its chronic toxicity andto the fact that it is tasteless,odorless
and colorless.

Ai-senic

During the recei~tyears arsenic is measuredin the groundwaterand
arsenosisis observedincreasingly among communities of Bangladesh,
thus adding one moreseriouscalamity and creatinga new major health
concern in the country. A simple, affordable, technically feasible and
socially acceptablearsenic removal method for safe drinking water
treatmentat householdlevel is verymuch on demand.

Asin
Bangladesh

25 iron removalplants attachedto hand pumps in Noakhali are studied
with respectto iron and arsenic removal. It is found that the arsenic
removal, on an average,is about65 %, at greatvariationthough

IRU

Methodsof
Removal

From the literaturesurveyit is found thatcoagulationusing ferric chloride
and alum maybe themost appropriatemethodsfor removingarsenicfrom
drinking waterin rural Bangladesh.Experimentson Noakhaliwaterhave
demonstratedthat bothmethodsare ableto removearsenicto acceptable
levels. Formulas are derived for calculation of an appropriatedosage
accordingto normal sorptionmodeling. Furthermore,mixing is found to
be an important operation parameter. The required mixing and
correspondingresultingwaterquality criteriaarespecified.

The rice huskmethodrecommendedby UNICEF in Bangladeshis tested
and found quit goodin its ability to removearsenic.However,this method
resultsin treatedwaterof repellingappearance.

Combinationwith useof alum andferric chloridein order to improvethe
methodhasbeentestedand found to be feasible,but still insufficient to
allow for expectedsuccessfulimplementation.

It is noticedthat the threestudiedmethodsresult in considerableamounts
of sludge,which has to be disposed.Appropriatesolutions to thesludge
problemsareyet to be elaboratedupon.

As a part of the project the most recentStandardMethod for laboratory
testingof arsenicwas developedin Denmarkand setup in Bangladeshfor
first time. Themethodwas usedto obtain the study results Furthermore,
a field testkit was testedandcalibratedwith the standardmethod. It was
found that the kit hits theright valueasestimatedspectrophotometrically
in the laboratory standardmethod, at a significant level of 5 %. The
variation is considerablethough.

E~yjj

RiceHusk

SludgeDisposal

Aiialysis Method
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1. INTRODUCTION -

1.1. Background

Arsenic is a silvery-whitevery brittle crystallinesemi-metallicelement.Its chemicalsymbol is
As, having the atomicnumber33 Arsenic is the

20th most abundantelementin the Earth’s
crust, approximately2-5 mg/kg, and the 12th most abundantelement in the humanbody /
Viraraghavanet a!., 1994; WHO Vol. 1, 1993; WHO Vol. 2. 1996; WHO, 1981;Robertet a!.,
1986;Ernest& Christopher,1995;Parker,1992/. Thougharsenicis believedto be an essential
elementfor some animals, and proved to be beneficial for the growth of some livestock
/Emsley, 1985/, it hasneverbeenscientifically-proved asan essentialelementin humans.On
thecontrary,arsenicis provedto causeseveraladversehealtheffects,both acuteand chronic.
Animal studies have not shown any significant relationshipbetweenintake of arsenicand
increasein the incidenceof cancer.However,datafrom Taiwan show clearly that arsenicin
drinkingwater is responsiblefor an increas&i cancerincidence/WHO vol. 1, 1993; WHO vol.
2, 1996/.

The exposureto arsenicthroughdrinking watercan be more significant than throughfood,
evenin situationswheremorearsenicis consumedthroughthe food. This is becausearsenicin
wateris predominantlyin its most toxic inorganicform. Thusthehealthhazardfrom arsenicin
natureis mainly a functionof the arsenicconcentrationin the drinking water/Liang & Sharma,
1997/.

Groundwater,in general, is the preferredwater resource.This is becausethe groundwater
quality is normallyacceptablewithout any treatment,andbecauseoftheavailability at the user
sites, without long distancetransportation.Howeverspot wise, in many placesall over the
world, arsenicis leachingfrom anoxicgeologicalmaterialsand occurringin thegroundwaters
at too high concentrations.Thusthe arseniccontaminationof drinking watersuppliesis, spot
wise, aworld-wideproblemof increasingdimensionsand public healthconcern.The presence
of arsenicat elevatedlevel and the resulting harm effectson thehealthhavebeenreportedin
manyareas,e. g. in theUnitedStates,Chile, Bangladesh,Taiwan,Mongolia,Xinjiang (China),
WestBengal(India).

In Bangladesh,traditionally, the surfacewater is the principal sourcefor drinking. However,
during therecentdecades,anddueto intensivedevelopmentprogrammers,the groundwateris
utilized for drinkingpotential in most rural areas.Today, the watersupply in rural Bangladesh
is primarily basedon groundwatersources.During the lastdecadetherehasbeenconsiderable
tapping of the groundwater not only for drinking but also for irrigation purposes
/Quadiruzzaman,1997/. At present,Bangladeshhas a total of 2.5 millions of handtubewells
working in the rural areas.95 % oftherural populationin Bangladeshhastodayaccessto tube
well water.Traditionally thesew~tersuppliesusedto be thoughtof as“safe”. Unfortunately,
recentinvestigationshavedemonstratedan almostcountrywide occurrenceof too high arsenic
levelsin the tubewell waters~TodayBangladeshseemsto be one ofthe most arsenicaffected
countriesin theworld /Bhattacharyaet al., 1997/.

1



2 DearsenationofDrinking Waterby meansof Coagulationin ~ang1adesh

Comparedto otherarsenicaffectedcountries, the arsenicproblem in Bangladeshhasbeen I
discoveredvery recently.Thefirst samplesofarseniccontaminatedwaterwereanaryzedas late
as1993. Muchwork hasbeencarriedout since,Todayit canbe statedthat at least34 districts
out of the 64 districts of Bangladeshdo have arsenicproblems The prevalenceof arsenic
illnesseshasbeendetectedby NIPSOM (NationalInstituteofPreventiveand Social Medicine),
so far concerning 2300 cases in 25 districts. Similar data are also reported by Dhaka
CommunityHospital/.Dahi, 199Th!.

Groundwaterin the deeperaquifers in Bangladesh,i e 150 - 300 in bgl, show acceptable
concentrationsof arsenic,below 0.05 mg/I. Thus extractionof water from suchtube wells is
considered to be an appropriate health promotion measure with respect to as well
microbiologicalas chemicalparameters.The useof the deep aquifersremainsto be the most

viable alternative to safeguardingthe drinking water supply. However the extraction of
~ drinking waterfrom thedeepaquifersby handpumpsis quit expensivein installationcostsand - -

therisk offutureintrusionof arsenicto theseaquiferscannot be neglectedThis could be due
to leachingand downwardmovementof solublearsenicfrom the overlyingsedimentsresulting
from forcedextractionofgroundwater/Bhattacharyaet al., 1997/ 1
Bangladeshis alreadya poor disasterprone country. It is particularly subjectedto calamities
like epidemics,flood and cyclone. Consideringthe abject poverty in Bangladesh(the GNP is I

-.~US$230 percapita)andthehigh illiteracy, efficient removalofarsenicfrom drinking waterin
high-cost,full-scale treatmentplants is nota viable solutionto the arsenicproblem,especially
in rural areas.Becauseof thedependenceofthe rural populationon groundwater,thereis an
urgent need to develop suitable treatment methods for removal of arsenic from the
groundwaterA simple,.affordable,technicallyfeasibleand socially acceptablearsenicremoval
methodfor safedrinkh~gwatertreatmentat householdlevel in rural a-nd semi - urbanareasof
Bangladeshis very muchon demand

L2. ProjectAim I
The aim of this project is to elaborateon a suitablemethodto removeexcessivearsenicfrom
groundwaterin rural Bangladesh One of the most promising methods is the traditional
coagulationprocessusing locally availablecoagulantsIt is hereof particular interestto find
out how the processcan be run in household buckets,which chemicalscould be used,which

dosagemay be required,how mixing should be performedand what are the water quality I
implications.

As ruralBangladeshis alreadyburdenedwith the problemsof occurrenceof iron in the ground I
water, this project aims furthermore on investigating the relation between simultaneous

emergingof iron and arsenic, and on the arsenicremoval along with iron in Iron Removal
Units (IRUs) as installedin Noakhalidistrict.

I
I



Introduction

Furthermore,becausethe arsenictesting is not yet standardizedin Bangladeshand several
methodsare used,this project evolved an elaborationon analysistechniqueswhich may be
useful for field and laboratorytesting ofarsenicin raw andtreatedwater.
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2. LITERATURE SURVEY

Name
Arsenargentite
Chloanthite
Domeykite
Loellingite
Niccolite
Safflorite
Sperrylite
Skutterudite
Orpimerit
Realgar
Arsenopyrite
Cobaltite
Enargite
Tennantite
Pearceite
Proustite
Gersdorfflte
Glaucodote
Arsenolite
Adamite
Olivenite
Scorodite
Pharmacosiderite

Formula
AgiAs
(Ni, Co)As3..~
(Cu3As)
FeAs2
N1As
(Co, Fe)As2
PtAs2
(Co, Ni)As3
AS2S3
AsS
FeAsS
CoAsS
Cu3As S4
(Cu, Fe)12As4S13
Ag16As2S11
Ag3AsS3
NiAsS
(Co, Fe)AsS
As2Og
Zn2AsO4OH
Cu2AsO4OH
(Fe, Al)(As04) . 2H20

Fe3(As04)2(OH)3. 5H20

2.1. Occurrenceof Arsenic in Groundwater

Arsenic is found widely distributedin nature,in igneousrocksand in oresin earthcrust. It is
ranked as the 20th most abundantelement in the earth’s crust, where it is found as a
componentsof more than245 naturally occurringminerals, someof which arelisted in Table
I. /Kartinen& Martin, 1995; Cullen & Reimer, 1989; Azcue& Nriagu, 1994/.

Table1. The mostcommonnaturally occurringarsenic-bearingminerals
/Azcue& Nriagu, 1994/

The sourceof arsenicin the naturalwater is generallyrelatedto the processof leachingfrom
geological materialsand sedimentsderived from the arsenicbearing minerals, inputs from
geothermalsources,mining wastesandlandfills /Welch et a!., 1988; Korte & Fernando,1991;
Robertson,1989/.Uncontrolledanthropogenicactivities suchassmeltingof metal ores,useof

5



Df~enaUonofDrinking Waterby meansof Coagulationin Bangladesh

arsenicalpesticides,wc~dpreservativeagents,and othervarkius arsenicals(see Table2) may
releasearsenic.directlyto theenvironmentIBhattacharyaet al., 1997/.

Table2. Someusesofarsenicwithin differentsectors/Azcue& Nriagu, 19.~4/

Sector Uses
Agriculture pesticides,insecticides,defoliants, wood preservatives,debarkingtrees, I

soil sterilant
Livestock Feed additives, disease prevention (swine dysentery, heart worn

infection), cattleandsheepdips, algaecides.
Medicine Antisyphilitic drugs, treatment of trypanosomiasis,amebiasis,sleeping

sickness.
Electronics Solar cells, optoelectronicdevices, semiconductorapplications, light-

emitting diodes(digital watches).
Industry Glassware,electrophotography,catalysts,pyrotechnics,antifoulingpaints,

dyesand soaps,ceramics,pharmaceuticalsubstances.
Metallurgy Alloys (automotivebody solderand radiators),batteryplates(hardening

agents). I
I

In theBengaldeltaplains, mineralogicalinvestigationshaverevealedthat arsenicoccursin the
well as in the sandygroundlayers, as a coatingon the mifleral grains Probably I

arsenopyriteis amaincompoundin thealluvial undergroundof thedeltaplain TBhattacharyaet
al., 1996;Bhattacharyaet al, 1997!.

Occurrenceof arsenicin the naturalwaterdependson the local geology,hydrology and geo-
chemicalcharacteristicsof the aquifermaterials Furthermorethe organiccontentsas well as
the land-usepatternmay be importantfactorsin controllingthe naturalmobility of arsenicin
thealluvial undergroundUnderanoxicconditionsthemobilizationof arsenicis the reasonfor
theoverall greaterrisk for contaminationofgroundwateras comparedto surfacewater

In the West Bengal-Bangladesharsenic contaminatedbelt, groundwateroccurs in both
confined andunconfinedaquifersBroadly theaquifersareclassifiedin threegroups~ I
• The shallow aquifers,less than50 in bgl

• Theintermediateaquifers,between50 and 150 m bgl

• The deepaquifers,morethan 150 to bgl.

The experiencesgained in West Bengal shows, in general, that the arsenic is detectedin
shallow and intermediateaquifers. As a rule, the arseniccontentsdecreaseswith increasing
depth.Excessivewithdrawalof groundwater andthe seasonalgroundwaterdrawdownduring
dry months, are speculated~to facilitate mobilization of arsenic ~om the underground
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formations to the aquifer water. The exposureof theseformations,which contain arsenic
immobilized ase. ~g.arsenopyrite,to atmosphericor dissolvedoxygen, resultsin an oxidation
which would leadto thearseniccontaminationof thegroundwater/Dahi, 1997e/.

Accordingto /Bhattacharyaet a!., 1997/thearsenkicontainedin pyriteor asenopyritehasbeen
depositedin thesedimentsand partly redistributedthere.The part containedin claysmay have
remainedin its initial form while in thesandysedimentsit hasbeenoxidezedand adsorbedonto
ferric coatingsofthesandgrains.Thearsenicis mobilizedmainly by two processes:

• Oxidationofpyrite andbr arsenopyritein clay intercalations.

• Reductionofferric coatingson sandreleasingarsenicandadsorbedphosphate.

Anaerobic conditions leading to reduction of ferric iron seems to be the most plausible
mechanisi~ifor the formation of the observed hydrochemical conditions in the UDP
/)3hattacharyaet at., 1997/.

The oxidation processesof arsenopyriteand the arsenicsulfidesrealgarand orpimentmay be
describedby thefollowing equations/Mok & Wai, 1994;Bhumbla&~Keefer,1994!:

4FeAsS+ 13°2 + 6H20 ~ 4F~SO4+ 4H3A~04 - eq. 1

4AsS+1102 +1OH20—~4H2S04+4H3As04 eq. 2

-- -

As2S3~~°2 +6H20—÷3H2S04+2H3As04 eq. 3

2.2. Arsenic Chemistry
I

Arsenic is an elementof group Va in the penodictable along with N, P, Sb and Bi, and is
characterisedby its outer4s

24p3electronicconfigurationwith its half.flhled 4p sub-shell.This
configurationgives arsenictremendousrangeof chemistry,with oxidation states-3, 0, +3, +5
/Viraraghavanet al., 1994, Robertet at., 1986;Kotz & Purcell, 1991; Parkei, 1992; O’Neill,
1990; O’Neill, 1995/.

2.2.1. Aquatic Chemistry

As mentionedabove,arsenicoccurs in 4 oxidation states. The most common oxidation states
in the natural water are +3 and +5. Thoughboth organic and inorganic forms of arsenicare
presentin natural water systems,the inorganicarsenic is dominant, whereasthe organicspecies
are rarely present at concentration> 0.001 mg/I /Cheng et al., 1994; Edwards, 1994; Hering,
1996;Kartinen&Martin, 1995;Viraraghavanet a!., 1994, Mariner et al., 1996/.



Thepresenceof different arsenicspeciesin aquaticsystemsdependslargely uponthe pH and
theoxidation potential of thewater. The stability and thepredominanceof arsenicspeciesin
theaquaticenvironmentsat different pH ~arigesareshown in Table3 andFigure 1 /Edwards,
1994;Kartinen&Martin, 1995; Viraraghavanet at., 1994;Mariner et al., 1996, O’Neill, 1990,
O’Neill, 1995/.

Table3. Stability andpredominanceofarsenicspeciesin vcvyingpH ranges in the aquatic
environments/Vzrara~havanet aL, 1994/.

PH 0-9 10-12 13 14

As(ffl) H3AsO3 H2AsO3 HAsO3
2 AsO

3
3~

PH 0-2 3-6 7-11 12-14
As(V) H

3AsO4 H2AsO4 HAsO4
2~

-~~‘~r-~~—~-- -

--
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Figure 1. SpeciationofarsenicasafunctionofpH andEhtKorte & Fernando, 1991/
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Generallyspeaking,arsenate(J’9 is the thermodynamicallystableand dominatingform of the
inorganicarsenicspeciesin oxic waters,whereasarsenite(1f.T~is the stableand dominating
form of the inorganic arsenicspeciesunder unoxic conditions. Under strictly unaerobic
conditions,the arsenicsulfidesare thermodynamicallymostprobable.

14 p’1

1.0

0.8

0.6

0.4

0.2

- 0.0

i4pH

The redox reactionof the As(I1l)fAs(V) systemcan be describedby the following equation
/Jekel,1994/:

eq.4

C/CTO~,I As(TJJ) - - pK~ -- - pK~
1.0

0.8

0.6

0.4

0.2

0.0

0 2

1.0

0.8

0.6

0.4

0.2

0.0

4 6 8 10 12

0 2 4 6 8 10 12

Figure 2. The di.~sociarionofarseniousandarsenicacidsasafunctionofpH/Dahj~1997c/.

H
1AsO4÷2H~+2e —+ H3AsO3~ E0 = +O.56V
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The equilibria for arsenic~acid, ASç~)- and- noa s(lnueous utions are~
givenbe1o~iTKartin’en~&M~rtiri~~995;~6T~1il1T~OI. - L ~

- -, -~ 1—-~--.-~’-. ~ ~ ~.

Arsethcacid,As(\O: -.-~~: u
H3AsO4—÷H~+H2AsO~ pK~= 2.20 eq. 5

H2AsO ~ H~+HAsQ~ - pK~= 6.97 -~ eq~6 I
pKa=1k53 - - q. I

Arsenousacid,As(ffl): - - - - -

H3AsO3-+H~+H2AsO3:~ :~pK~~9;22 ~ec~8 i
~2~°3 —~H~+HAsO~ piCa = 12.23 eq. 9

~ ~pK=~J34 ~eq 10 I
The~boveequilibria, Figure 1, Figure2, and Table 3 indicatethat within the rangeof pH in I
natural waters, i. e. when H is between6 and.9, the trivalent inor ariic arsenicis fouffdJ -

primariyasnone-dissociatedarseniousacid, while e ~aientarsen~ia.piñmaril~undas-
t~ei~iiseddi:h~~pgenarsenateand mono-h~~enarsenate.As most treatment,processes
aremost capableto removeions, the trivalent arsenicis moredifficult to removefrom the - - -

waterthanthepentavalera/Kartinen& Martin, 1995/. I
2.2.2. Geochemistry I
The geochemistryof Arsenic is generally dominatedby the redox processes,the suiphide
precipitation, the co-precipitation-adsorptionto iron and manganesehydroxides, and the
competitionbetweenarsenicand phosphorusfor sorptionsitesbChenget at., 1994; Mariner et
at., 1996;Parker,1992/. 1
Arsenic can be imrnobilised through co-precipitation-adsorptionwith iron and manganese
hydroxides,or mobilisedwhensuchsolids aredissolvedunderlow redoxpotential conditions.
Arsenic mayalso be releasedfrom the oxide surfacesdue to competitionfor sorptivesurface
sites in the presenceof orthophosphateand naturalorganicmatter.Thelattermechanismmay
explain why the concentrationof arsenic can be correlated to occurrenceof divalent
manganese,Mn(fl), ferrousiron, Fe(ll), andor-thophosphate.

This conceptof occurrenceand dissolutionis generalisedto the groundwatersourcedepthas
shown in Table 4 /Edwards, 1994/. Eachwatersourceis divided into three zones, namely -

aerobic~anoxicwithout Suiphidesand anoxicwith su1phides:~~-‘ . . I
I
I
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•AiL~tCf~IbiC1~jffin9 i;~

a

Within the oxygenatedzones,As(Y) is stableand mayremain solubleor sorb-copre~ipitated
with iron andmanganeseoxides.Theseoxideshave a very high specificsurfacearea(Fe(Ofl)3
hasaround600 m

2/g) arid thus a very high adsorption capacity.

High concentrationsof orthophosphatemay compete with As(V) for adsorption sites,
increasingsolublearsenicconcentrationsand mobility in the aquifer. Phosphateis known to
disp’acesorbedarsenicfrom soils. This hasbeenusedto amelioratethe toxic effectsof As in
somesoils /Onken& Hossner,1995/.

Table4. Keyarsenic~reactionsin groundwaterregimes/Edwards1994/

Groundwater Key reactions
—~ MnO

2HAsO4

Fe
2~—~ Fe3~—~ Fe(OH)

3-HAsO4
HAsO2 ~
HP04

2 ~ HAsO
4

2~
Aerobic -

, ,

• Oxidation ofAs(Ill) to As(V)
• Sorption—co-precipitationof As to
• ExchangeofPhosphatefor sorbed

oxides
As(V)

- ~ ~ ~
- ., ~__, -—

—a

Fr~OH’.H. ~ —. Fe~-F l—L~C~.
r~nr,H~\~)i ~h1: +

• P. Jij~ii:’n•1 ....~i~.‘ ) i.: ~ Eli
• Redu:Lion•,:,f Fe?~.1ii‘:~ide~
• P.eleas~of ~ol~jhIeA~

+ HS —~ A~S
1~r A5S

1.,Fe~—~ FeS H.As02

• PreclpiiaLin 1 ~oluhIeA~UT) 3s ~ripmenI cr

reaJ~ar.or c pre~ipi~aIicn“. iih FeS

In anoxiczones withoutsuiphides,As(Ill) is stable,anddissolvedformsof iron and manganese
arefavoured.Thearsenicmobility, or solubility, is at highestin this zonebecause:

• As(H1) is believedto sorbless1stronglyonto oxidesthanAs(Y) and

• Co-precipitated-sorbed arsenicis releasedupon dissolutionof arsenic-containingiron and
manganeseoxides.

a
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In anoxic zoneswith sulphides,As(1I[) becomesirnmobilised becauseof the formation of
orpiment,realgar,or arsenopyrite,or is coprecipitatedwith iron pyrite/Edwards,1994/. II
2.3. Toxicity and Arsenosis II
Arsenic has acquiredan unparalleled reputation as a poison, with arsenictrioxide, a tasteless
andodour-lessinorganicarseniccompound,constitutinga convenientagentfor homicide. The
toxicity of arsenic is dependenton its oxidation state, chemical form and solubility in the
biological media.Thetoxicity scaleofarsenicdecreasesin theorder: arsine>inorganicAsCflI)
> organic As(ffl) > inorganicA.s(V)> organicAs(V) > arsoniumcompoundsand elemental
arsenic/Viraraghavanet a!., 1996/. - - --

Inorganicarsenicis a documentedhumancarcinogen A relatively high incidenceof skin and
possibly other cancershave beenobservedin population ingesting water containing high
concentrationsof arsenic/Liang & Sharma,19971.

In the recent years the spot wise occurrenceof arsenic in the groundwateris increasingly I
acknowledgedas amajorhealthproblemfor therespectivecommunities,cf. Table 5

I
Table5. Someof themajor endemicarsenzcszsreported/Chowdfzwyeta!., 1997/

Location Years No of exposed % havingskin lesions
India, WestBengal 1978 - 1995 1 000 000 20
Taiwan 1961 - 1985 103 000 91
Chile, Antofagasta 1958 - 1970 130 000 16
Argentina,Monte Quemade - 1938 - 1981 10 000 “many”
Mexico, Lagunera Region 1963 - 1983 200 000 21
Thailand, Ronpiboon 1987 - 1988 14 000 18

The most common signs of long-term, low level arsenicexposurefrom drinking water are
dermal changes These include variations in skin pigments, hyperkeratoses,and ulcerations
Palmoplantar keratoses are often surmounted by small, corn-like, elevated nodules up to 10
mi-n in diameter The blacl~ootdisease,an endemicperipheralvasculardisorderfirst found in
Southwest Taiwan(ca 0 0 1-0.9 m~/l), is also associated with use of arsenic contaminated well
water for drinking /Brown et at., 1989,Chenget al., 1994/

In a population drinking arseniccontaminatedwater, a greatvariety of specific as ~veilas none-
specific symptomsmaybe observedat a largebiological variations and interactions /Mazumder
et a!., 1997/ Table 6 shows some of the effects of arsenicrepoftedto be due to exposure
throughdrinking water

I
I
1
I
I
I
I
I
I
I
I
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___-
Blackfoot Disease
Arsenicaldermatosis

Nonespecific

Pregnancydisorders

FleartDisease

Cancer

Mortality

Table6. Toxicologicaleffectsofarsenicreporteddue to exposure
-- ~ce71a)ns1n thedrinkingwater/771110, 1996. Waduci’

to high arsenic
1997/

Dermallesion,PeripheralneuropathyKeratosis,
Hyperkeratosis,Hyperpigmentaion

Nausea,Abdominal Pain,Diarrlfoea,Vomiting,
Conjunctivitis, Oedema.

Spontaneous abortions, miscarriages

Coarctation ofaorta, Cardiovascular disturb.

Bladder, Kidney, Skin & Lungs,Liver & Colon

Remarki ___

May necessitateoperation

Mainly due to acute
intoxication

Amongchildren

Mainly dueto cancer

Figure 3. Typicalmostvisibk .symptomsofcirsenosisor ~rBlackfootDisease“/Dahi, 1997b/.
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Arsenic is a wide-spread element in the environment. Since it is known to be toxic and
carcinogenic,low maximum allowable limits have beenadoptedfor its occurrencein foodand
drinking water. The guideline values for arsenic in drinking water establishedby various
countries/organisationsarelisted in thefollowing table.

Although arsenictoxicity clearly dependson its chemicalform, with arsenite(ffl)being much
more toxic than the oxidized arsenate(V)species,the guidelinevalue is targetedonly to the
total arsenic.

In 1984, WHO recommendedthe guideline value 0.05 mg/I /WHO, 1984/. Recent
epidemiological studies in Taiwan, where large populationgroups have been drinking the
arseniccontaminatedwater for long time, have shown that arsenicmay causeliver, lung,
kidney, and bladdercancer in addition to the previously acknowledgedrisk of skin cancer.
With a view to reducethe risk of getting skin cancer, and taking into considerationthe
practicaldetectionlimit in the availableanalyses.a provisional guidelinevaluefor total arsenic
in drinkingwaterof 0.01 mg/I is establishedin 1993. Theestimatedexcesslifetime skin cancer
risk associatedwith exposureto this concentrationis 6 x i0~/WHO, voL 1, 1993;WHO, vol
2, 1996/.

The drinking water standardfor arsenicin the proposedEnvironmentalQuality Standards
(EQS)for Bangladeshis 0 05 mg/I /Hossain& Au, 1997/.

2.5. RemovalMethods

Varioustreatmentmethodshavebeenstudiedwith respectto removalof arsenicfrom drinking
water mainly under laboratory conditions /IDahi, 1997a; Kartinen & Martin, 1995,
Viraraghavanetal., 1996/ Thevarioustreatmentmethodsinclude:

U
U

14

2.4. Guidelines

I

Table 7. Guidelinevaluesfor arsenic in drinking waterestablished
agencies/Viraraghavanet al., 1994/

Country/Organisation Maximum

by various regulatory

contaminant level (MCL), mg/i
Canada 25
USA 50
Prance 50
Germany 40
EuropeanEconomicCommunity (EEC) 50
India 50
China 50

Taiwan 50

U
I
1
II

I
I
I
I
I
I
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• Adsorption-corprecipitation using aluminum or iron salts for coagulation, lime
softeningor conventional ironlmanganeseremoval.

~ Sorption techniques using activated alumina,activated carbon, ion exchangeresin
and other media

• Membrane processeslike reverseosmosisand electrodialysis.

The advantagesand disadvantagesof different arsenic removal methods are summarized in
Table 8.

S



• No monitoring of a breakthroughis required.

Relatively low cost, simple chemicals.

• ~Lowcapitalcosts.

Durablepowderchemicalsnormallyavailable.

More efficient than alum on weigh basis.

Most cou~Liinchemicals

Relatively well knownand commercially available.
Expected to be cheap.

No regenerationis required

Well definedmedium andhencecapacity.

• Well definedperformance.

• High removal efficiency.

• No solid waste.

~ Low spacerequirement. -

• Capable of removal of othercontamina’nts, if any.

• Seriousshortandlongterm problemswith toxic sludge

• Multiple chemicalsrequirement
• Operation requires trainingand discipline

Efficient pre—oxidation is a must

Medium removal of As(Ill)

Re-adjustment of p1-I is required.

• Requires Irioniloring of break through or filter use

Requires periodical regenerationor medium shift

Re-adjustment of pH Is required

Yet to he standardised.

Toxic solid waste.

High cost medium

High techoperation& maintenance

Regenerationcreatesa sludgeproblem

Not yet properly studied.

• High runningcosts.

• High investment costs

• High techoperationand maintenance

• Toxic wastewater.
• Re-adjustmentof walerquality is required
Membrane does not withstaiid oxidising agents.
Membranedoesnot withstandoxidising agents

~— _ __ ___
— ~- ~-

TabLe& Overviewofdearsenallonmethodsand their advantagesand disadvantages.Membranemethodsareconsidereda~non appropriate/Do/il, 1997a/~

Method

Co-precipitation:

Alum coagulation
Iron coagulation
Lime softening

ii

~:ii

it

..

Sorption techniques: • No daily sludgeproblem

Activatedalumina
Iron coatedsand

Ion exchangeresin

OtherSorbcnts Pleniy of possibiliucs& combinations

Membrane techniques:

Reverseosmosis

Electrodialysis

16
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2.5.1. Oxidation ofAs(Ill) to As(V)

As mentioned in Section 2 2, the As(llI) is present as a none-ionized acid up to pH 8
(pKa9.23), while As(V) is present as mono and di-ionized forms. This is the reasonthat the
trivalent arsenic, As(llI) or arseriite, can not be removed as easy and complete as the
pentavalent,As(V) or arsenate in most removal methods In other words, if the removal
capacitypfa methodhasto be at maximum,thearsenitehasto be oxidizedto arsinateprior to
treatn~4~II~cininitte~,198B/.

The completeoxidation of As(ffl) to As(V) canbe achievedby the useof any strong oxidant
such as chlorine, ozone, TJV-activated hydrogen peroxide, permanganateand manganese
dioxide. Eachoftheseoxidantshasits specificadvantagesand disadvantages,which haveto be
consideredwhen aiming at an optimized arsenite(III) removal process/Borho & Wilderer~
1996L

The redox reactions of As(UI) with manganese(IV) and rnanganese(]IJI)-oxides at neutral pH
canbewritten/Driehauset al., 1995/: -

H3AsO3+Mn02 —~HAs0~+Mn
24+1120 E°’O.67V eq. 11

II
3As03 +2Mn00H+2H~—>HAs0~+2Mn

2~~~‘~2° E’0.95V eq. 12

Arseniousacid can also be oxidized by some oxidants like the following reactions/Dahi,
1997a1:

H
3As03+ A02 —~ H2As0~+ 2H~ - eq. 13

H3AsO3-i-HCIO —~ H2AsQ~+2H~+C1 ,q. 14

H3AsO3+2/3Mn0~—÷H2As0~+2/31v1n02+1/3H~+1/31120 eq 1~

tBockelen& Niebner, 1992/testedseveral~3~~Iion~ asatn ~~i&~c oxygefi*xf~
oxygen, and ozone. They found that the oxidation by air was very slow Ozonationis very
rapid. It is the method of choiceto ensure~

Practically speaking however, chlorine compoundsare the only affordable oxidation agentsfor
use in developing countries. Among these, the bleaching powder is the agent of choice for
transportationand useat householdlevel in rural areas,c. Table 9 /Dahi,1991/
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Table 9. Commerciallyavailablechlorine compounds.

Sodiumhypochiorite NaC1O Solution Solution 10 %

ChlorinatedIime* CaC1OCI Solid Solution 35 %

Calciumhypochiorite Ca(ClO)2 Solid Solution 3 0-70 %

OrganicChlorides,e.g. NaOOCC6H2~ Solid Powder/Sol. 60-90%
- •SO2NCI2

Chlorine Cl2 Gas Gas 100 % I
* Also called “bleaching powder”

2.5.2. Coagulation

Coagulationis oneof themost conventionalprocessesusedfor drinking watertreatment.The
hydrous oxides of aluminium, iron, and magnesiumformed during coagulationor softening
processesare strong sorbentsfor many trace inorganic materials included arsenic, These
hydroxides are quite amorphous andhave significantly high binding capacities (moles of sites
per kilogram of solid). Thus the floc formed in water treatment hasa great adsorptive capacity.
For example, amorphousiron oxyhydroxidehas about 6 moles of sites per kg of Fe(OH)3(s),
the specific surface area of the amorphous materials is as high as 600 m

2/g The binding
capacity of AI(OH)

3(s) is 1.6 mollkg of A1(OH)3(s). /Cormnittee, 1988/

2.5.2.1. MechanismsofCoagulation

Addition of iron or aluminium coa~ulantsto water simultaneouswith properefficient stirring,
the coagulantswill be first dissolvedin thewater. Subsequentlyaluminiumor iron hydroxides
will be coagulatedasmicroflocs, which will be gatheredinto settleablemacroflocsduring the I
subsequentflocculation process Coagulation refers to chemical reactions leading to the
formation of A1(OH)3 or Fe(OH)3 and aluminium or iron polymers from the coagulants
Flocculation is the sequenceof electrostaticreactions and chemical bridging binding the
macromoleculestogetherin largerfiocs /Bregnhøj, 1992/. The reactions may be describedas in
thefollowing equations I
FeCl3.6H2Q~Fe~+3Cl±6H2Q . eq. 16

Fe~~+3H20~Fe(0H)3+3H~ eq. 17

Al2(S04)3.i8H20~2Al
3~+3S0

4~±18H20 eq. 18

I
-1
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2A134 + 61120=> 2A1(OH)
3+6H~

19

eq. 19

Arsenic is then removedthrough co-precipitation,adsorption and final sedimentation.Co-
precipitation is definedasa nonestochiometricincorporationof solublearsenicspeciesinto a
growing hydroxide phase via, inclusion, occlusion, or adsorption.Adsorption refers to
formation of surfacecomplexesbetweensoluble arsenicand the solid oxyhydroxide surface
siteasindicatedin thefollowing examplereactions/Edwards,1994/:

Fe — OH -j- H2AsO~+ H~—+ Fe — H2AsO4+1120 (arsenatesorption) eq. 20

I

~Fe-0H+H3As03 —~Fe-H2As03+H2O

in which Fe-OH is an hydroxidesurfacesite.

(arsenitesorption) eq. 21

/Edwards, 1994/ hasconductedsomebatch experimentsfor illuminating the As(V) removal
mechanismsin the coagulationprocess.In his experiments,increasingconcentrationof As(V)
solutions (0.03 to 30 mg/i) are treated with a fixed 90 mM dosageof Pe(]I[) asFeC13 and
A1(III) asalum (30 mg/I A12(S04)3.18H20,14.6 mg/l Fe~l3).By comparingof the removal in
jars wherethe coagulantsare addedto arseniccontaminatedwaterwith the removal in jars

wherethearsenicis addedto preformedhydroxideflocs, it is foundthat thedensityof sorbed
As(Y), measuredasmols As sorbedper mol ofFe or Al, increasedasafunctionof theresidual
As(V) in solution.Better removalwas observedin the caseof the xide solids formedin
situ, while the preformedoxides had much less removal capacity. It was conclude t ja the
removalis mainly dueto copreci~~o~ç~eeFigure4)

Figure 4. A comparisonofarsenicremovalbyalum andferric chloride andofpreformed
solids(adsorption)andsolidsformedin situ (coagulation)/Edwards, 1994/

0.6
I-.
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w
0
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Preformed alum
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In astudyconductedby BOckelen& Niebner(1992/, it is also foundthatthe adsorptionhasno
influenceon thereachedAs level, i. e. the~

Heririg et al. /1996/conductsomebench-scaleexperimentsin model freshwatersystemsto
investigatethe effectsof various parameterson the removal of arsenicby adsorption onto
preformed hydrous ferric oxide and during coagulation with FeCI3. The initial arsenic 1
concentrationsarebetween2 and 100 mg/I, pH from 4 to 9, and the coagulantdosageis
between0.49 and 24.3 mg/I FeCI3. Theyconcludethat theadsorptionplays an importantrole,
not solelythough I
Cheng et al. /19941carry out study coagulationto treat As(V)-spiked water at various pH
conditionsin bench,pilot, anddemonstrationscale It is foundthat

1 FeCI3 is muchmoreeffectivethanalum whencomparedon aweight dosagebasis.

2. FeCI3 coagulationis pH-independentbetween5.5 and 7.0.

3. Alum coagulationis pH-dependent.The AsCV) removalis deterioratedat pH> 7.

4. Increasingcoagulantdosagewill increasearsenicremovalin both cases.

Similar conclusionsare drawnin many other studies/Sorg & Logsdon, 1978; Hathaway&
Rubel, 1987; Shen, 1973; Gulledge& O’connor, 1973/ Gulledgeand O’connerexplain that
As(V) adsorbedless onbothAl(OH)3 andFe(OH)3 at pH 8 thanat apH of5-7.

Chenget al. /1994/showthattreatmentusing20 mg/I of alum or alternatively30 mg/I of ferric
chloride, resultsin almost samerelative arsenicremoval, evenat initial As(V) concentration

varying in therange2.2 to 128 mg/i Similarly Edwards/1994/,Hering et al /1996/and Scott
et al. /1994/showthat thepercentageof arsenicremov d by theuseofalum andferric chloride
coagulationis independentof initial arsenic(V) concentrationeven over a wider range of

- -- -- - — -

conditions.

McNeil & Edwards/1997b/analyzesomefull-scale arsenicremoval data.They suggestthat
alum and ferric chloride havesamemagnitudeof capacityfor sorbing solubleAs(V), when
calculatedon molarbasisfor stableflocs arid pH below7.6. Similar conclusion on this point is
achieved in the study of Edwards /1994/. In additional Edwards /1994/ concludesthat
A1(As04) and Fe(As04) precipitates arenot produced during the removal processes,evenin

situations where As(V) is present in initial concentrationsas high as 20 mg/I

In the study of Edwards /1994/ it is concluded that sorptive -removal of As(~~is highly
dependenton~&wherehigher sorption is achievedat lower pH. Furthermorethe sorptive
removal is to a lesser ex~atdependenton the coagulantdosage and the initial A~(V)
concentrationOnthecontrary,As(]I1) removal is independenton pHand highly dependenton
the coagulantdosageand the initial As(lfl) concentration.Similar results are presentedin
/BOckelen&Niebner,1992/

I
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The presenceof other ions such as sulfate in the arseniccontaminatedwater seems to
deterioratethe removalof As(]II), and to a less extendthe removal of As(V), in the ferric

chloride coagulationfHering et aJ, 1996/. - -

Extensivewaterworks experiences/comnuittee,1988/have demonstrated that not less than 90
percent removal of As(V) can be achievedthroughapplication of alum at pH values < 7, by

use of ferric chloride at pH values <8.5, and by application of lime at pH values> 10.5. The
effectiveremovalofarsenicin the lastcaseis presumablydueto adsorptionon Mg(OH)2(s)

The removal processis described as a complexationofa soluble inorganiccompound, X, by a
solid complexationagent,S, accordingto theequation/Committee,1988/’

x+s ~
C-)

SX is the produced surface complex and Ks is the binding intensity quotient, defined as

follows:

Ks=[SX]/[X][S] eq. 23

The estimatedvalues for Ks is presentedin Table 10 for different pH conditions.

Table 10. Binding quotientsfor the adsorption of As on Fe(’OH,~3(s,)and A11’OH,)3 (s,)
when thesesolidsareformedduring the coagulationprocess(Kr givenin litresper mol)

/Commi/tee, 1988/.

p
118 -

As(ffl) 4.5 4 6
As(V) 5 1 5.1

Using the estimated rate constant,Ks, the percentageof arsenic expected to be sorbedin a
similar treatmentprocessmaybe calculatedfrom the eqi~ation:

10~Ks eq. 24~
%absorbed= 1+1~ . D . — - -

where: D is the dosageofthe solid, mg/i
Kr, is thebinding intensityquotient,L1mol

— 2.5.2.2. Alum Coagulation

— Iron and aluminium are the most common coagulants in water treatment processes.
AmorphousA1(OH)

3is formed, as mentionedin Section2.5.2.1, by the addition of alum to

I .1

eq. 22

Adsorbate log ks for Fe(O~3(s)
pH7 PH8

Log ks for Al(OH)3 (s)
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water. Accordingto thermodynamicdatafor aluminium equilibria, aluminium is leastsoluble - -

aroundpH of 6.2. As thealum dosageis increasedto nearly30 mg/i at a final pH of7.O-8.0~
the precipitationofsolid aluminium hydroxidetendsto occurto a greaterextent, and a sweep
coagulationmechanismtends to dominate.At pH < 5.0, polymeric speciescan predominate
/Chenget al. 1994/.

Thetechnicalproductof’ alum may varyand is not alwaysweU defined.Basicallyalum is either
aluminium sulphate,A12(S04)3.xH2Oor potassiumaluminium sulphate,KAl(SO4)~.xH2Oor a
mix of thetwo compounds.Alum is oftenusedin drinkingwaterandwastewatertreatmentas
coagulantsto removeparticles/Bregnhøj,1992/.

In the alum coagulationprocessaluminium sulphateis dissolvedand addedto thewaterunder
eScientmixing for one to few minutes Rapidly the aluminium hydroxide micro-flocs are
producedandthroughflocculationprocessgatheredinto largereasilysettling fiocs. Hereafter
the mixture is allowed to settle.During this flocculation processall kinds of micro-particles
andnegativelychargedionsareremovedby electrostaticattachmentto theflocs.

Thetreatedwatercanbe decanted.Safetyfiltration is howeverrequiredin orderto ensurethat
no sludgeparticlesareescapingin thetreatedwater.

As the trivalent arsenicoccurs in none ionized form, it will not be subjectto significant
removal. Oxidation of As([ll) to As(V) is thus required as a pre-treatrrient.This can be
achievedby additionof any chlorine productor by addition of permanganateas describedin
Section2.5.1.

Thealum dearsenationis thusbasedon pre-oxidation+ conventionalcoagulation,flocculation,
and sedimentationtechniques.According to /Kartinen & Martin, 1995/ when chlorine was
usedand the p11 reducedto about 7 or less, arsenicremoval from water containing0.3 mg/I
arsenicusing30 mg/I of alum canreachabout90 %. I
2.5.2.3. Iron Coagulation I
As describedin Section 2.5.2.1, freshly precipitatedamorphousferric hydroxide, Fe(OHh
(am), is formedby the additionoffer-ric chloride, FeCl~,to waterin thepH rangeof6 - 10. At
higherpH, 1. e.> 10, theprincipal solublespeciespresentis themonomericanionFe(OH)

4~At
lower pH levels,i. e. <6~the dominantsolublespeciesare c.ationicmonomerssuchasFe3* and
Fe(Og~.Fe(ffl) is least solubleat a pH about 8 FeCl

3 is a strongeracid and is less soluble
thanaluminium sulphate/Chenget al, 1994!.

The iron ‘~earsenationresemblesthealum method in steadof Alum ferric sulphateFe2(S04)3
or ferricchlorideFeCI3 are added As with alum precipitation,it is alsoimportantto oxidisethe
As(UI) to As(V) to achievebetter removal rates.According to Kartirien & Martin 11995/,
when chlorine is usedfor initial As concentrationsof 0.3 mg/I and dosageof about30 mg
ferric sulphateil, removal efficiencies about more than 95 % can be achieved.In the iron
coagulationpH is not that importantasin thecaseof alumcoagulation.
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2.5.24. ArsenicRemoval via Fe—Mn Oxidation

The geochemistryof arsenic reveals that high arsenic concentrations are often correlated to
high Fe(H) andlor Mn(H). During Fe(ll) and Mn(ll) removal the arsenic can be removed
through the coagulationjrocess, i.e., oxidation to removeFe(U) and Mn(ll) leads to the
formation of hydroxides that remove soluble arsenic by co-precipitation or adsorption
reactions/Edwards,1994/.

Removal of the soluble As(V) during oxidation of ferrous iron is quit significant, whereasthe
removal during oxidation of Mn(ll) is less. In addition, pH is not significant in the ma~ganese

— precipitation/Edwards, 1994/. A surveyof full-scale treatmentplants madeby tMcNeill &
Edwards, 19951 also demonstratedthat oxidation of Fe2~at a concentrationlevel > 1.5 mg/I

Fe~2,resultsin 80 - 95 % arsenicremo,~’al.On the contrary,plantsthat only oxidize Mn~2do

not removesignificant amounts ofaç~nic.

2.5.2.5. Lime Softening

Hardwaterstendto havehigher arsenicconcentration.Lime softeningis a well knownmethod

for removing hardness by adding fresh calcined lime, i. e. calcium oxide or CaO. When the
hardnessof thewateris higherthan 150 mgCaCO

3/l,The lime softeningis often recommended
in thedrinking watertreatment/McNeiII andEdwards,1997aJ.

Arsenic removal can be facilitated by a variety of solids formed during softening including
CaCO3, Mg(OH)2, Mn(OH)2 and Fe(OH)3. McNeil! & Edwards11997a/ havefound that the
arsenic removal follow a linear isotherm for CaCO3, Mg(OH)2, and Fe(OH)3 with constant
percentage arsenicremoval,regardless theinitial arsenicconcentrations.On the otherhand, for

the Mn(OI-f)2 solids, the arsenicremoval is sensitiveto the initial arsenicconcentrationsin the
water.

The arsenicremoval efficienciesof the lime softeningprocessare significantly affectedb~the’

pH and the presence(or absence)of chlorine. The useof chlorinationas a pre-treatmentis
demonstrated in manystudiesto iniprovethearsenicremoval.The arsenicremovalincreasesas

pH increasesup to pH = 11.

Because of the chemicalsimilarities mentioned above betweenarsenic and orthophosphate, the

presenceof orthophosphatein the rawwater is expectedto interfere with the arsenic removalthroughcompetitionfor sorptionsites.

Mg(OH)2 is very efficient in sorbingarsenate.About 90 % removal is achieved in bench-scale
experiments.For systemsinitially containingonly Mn

2~,the arsenicremoval appearsto lake‘ place through the sorption onto Mn(OH)
2 solids, rather than througirthe formation of a

Mn3(As04)2precipitate.
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Formation ofapatite, Ca10(P04)6(OH)2,or calcium arsenate,Ca3(As04)2,do not appear to take
place during softening.Moreover, addition of crushedapatitedoesnot seemto mediateany
significant removalofarsenate. -

Addition of a small amount of iron to waters before softening can increasethe arsenate I
removal dramatically. Also carbonateis known to interferewith the arsenateremoval in the
iron basedcoagulation

Thestudy madeby ISorg & Logsdon, 1978/ indicatesthat the removal of As(ffl) and As(V)
via softeningat pH < 10 is low. Substantiallybetterremovalsoccurat pH valuesnear10.5.
Thatstudyalsoindicatesthatalmostcompleteremovalof A.s(V) is feasibleat pH> 10.5, while
As(ffl) removal seemsto be limited to a level about75 %.

in agreementwith the aboveme~S�ned,a surveyof full-scale treatmentplants iMoNeilI &
Edwards,19951 demonstratesthat up to 90 % of the soluble arsenic(V)canbe removed if the
softeningpH is higherthan 10.5.

Dutta& Chaudhurei /1991/carryout a lime softeninglaboratorystudy,whereth~totaiarsenic
concentrationin thegroundwateris about0 7 mg/I, theA.s(JIT) is about0.6 mg/i and thelime
dosageup to 1.25 g/l. T.Jp to 90 % removalis achievedat a residualpH ofabout 11.8.

Excessof lirrie would not bedissolved,but remainsas athickenerand coagulantaid, which has
to be removed along with the precipitate through a sedirnentation!filtrationprocess.in
addition,theresultingpH is so high in thesofteningprocess,that a secondarytreatmentwould
be required in order to readjustthe pH back to normal iDahi, 1997a, Kartinen & Martin,
p9951. . I
2.12.6. Acth’afedAlumina Systems - - -

Activatedaluminais aluminium oxide (A1203) grainspreparedin a way that the grainshave a
high sorptive surface.The specific surfacecould be 200-300 m

2/g When the water passes
througha~cked columnof activatedalumina,arsenicand othercomponentsin thewaterare

~orbe~ the surfaceof the grains Eventually the column becomessaturated,first at its
st~e~ni~ne Later, asmore waterpassesthrough,the saturatedzonemoves down streams

and in the end the column get totally saturated,which meansthat the concentrationof the
arsenicin the effluentwaterincreasesto thesamevalueasthe. influent water.

Regenerationof the saturatedalumina is carried out by exposingthe aluminato 4 % caustic
soda,NaOH, eitherin batchor by flow throughthecolumn.During this processabout 5-10%
aluminais lost, and the capacityof residualmedium is significantly reduced,30-40%. After
only 3-4 regenerationsthemediahasto be replaced/Dahi, 1997a1 - -

A.s in the coagulationprocesses>the pentavalentarsenicis removedfar more efficiently than
the trivalent arsenic. Hence the use of pre-chiorination improves the column capacity
dramatically.It hasbeenreportedthat 23000BV of pre-chiorinatedsyntheticallycontaminated
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water

at a level of 100 ~‘g As/I could be treatedto a break point of 50 jig/i. Without pre-
chlorination of the water, only 300 BY could be treated. Similarly, 16000 BV of pre-
chlorinated authentic water could be treated; compared to 700 BY for non-chlorinated water.

The
optimum pH is found to be 6. It is also found that deviation from this pH reducesth~

capacity of theactivatedaluminadramatically(Kartinen& Martin, 1995/.

Hathaway & Rubel /1987/usepilot filter studies to optimize the conditionsfor treatmentof
groundwater. The best arsenic removal is achieved where 15000 bed volumes of water are
treated at initial concentration of0.09 mg As/I.

The competitive effects of other anions, such as phosphate, fluoride, chloride, sulfate and so
forth are expectedto reduce the adsorption capacity for As(Y) /Dahi 1997a/.

2.5.2.7. Ion Exchange

Ion exchangeis normally used to demineralise, to soften and de-nitratethe water. It is an
adsorption processsimilar to activated alumina, just the medium is a better defined synthetic

resin with well defined ion exchangecapacity When the water containing arsenic passing
throughthe syntheticresin, thearsenic exchangesfor the chloride ions, which is loaded at the

exchange sites Eventually, the resin becomes~khaüsted’justlike activated alumina and it needs

to be regenerated.Theprincipal regeneratedagent is chloride, i.e a salt solution:

Arsenic exchange(R~Resin)

2R Cl + HAsO4
2 R

2HAsO4+ 2C~ eq. 25

Regeneration~

R2HAsO4 +2Na~+2C1 =2R-C’l+HAsO~+2Na~ eq. 26

Like the otherarsenicremoval processes,it is importantthat arsenicis in the +V oxidation
statein orderto achievethebest removal efficiency. However, the need to oxidize the arsenic
(III) could result in damaging the resin by the excessofoxidation agents.

Moreover, as sulphate is ion exchanged before arsenic, the removal capacity is highly
dependent on the contents of sulphate in the raw water. One minor advantage of the ion
exchangeprocessis that theperformanceis lessdependehton pH /Dahi, 1997aJ.
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2.5.2.8. OtherSorptionMedia -

Severalothersorptionmediahavebeenreportedto removearsenicfrom water,e.g. activated
carbon, kaolinite clay, hydratedferric oxide, activated bauxite, titanium oxide and sand
(silicium oxide) fDahi, 1997a1.

Furthermore,iron oxide-coatedsandis reportedto be efficient in removing arsenic.A unit
containing6 kg of mediumis demonstratedto treatabout700 1 of rawwater containing I mg
As/i. It is concludedthat the iron oxide-coatedsand is promisingfor usein small systemsor
householdlevel in developingcountries/Joshi& Chaudhuri, 19961.

2.5.2.9. MembraneTechniques

Reverseosmosisand electrodialysisare two typesof membraneprocesseswhich have been
demonstratedto be efficient in removingarsenicfrom water.For both processes,the removal
ratesfor As(V) arebetterthanfor As(ffl). Thisis most unfortunate, as the useof pre-oxidation
would be requiredandasthemembranesareknownto be sensitiveto oxidationagents.

Furthermore, thesemethodsareof no interestin developingcountries,becauseoftheir nature
as sophisticatedtechnologiesof high costs and requirement of skilled operation and
maintenancefDahi, 1997a1.

I
I
I
I
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3. EXPERIMENTAL SETUP

3.1. Selectionof Raw Water

‘ Sinceartificial waterin the laboratoryis different in behaviourfrom naturalwatercontaining
arsenic,laboratory results from artificial water are normally difficult to be directly usedin
practice.It is thereforechosenin this project to usenatural water from one of the arsenic‘ affectedarea,Noakhali, a district of more than 100 km south to Bangladesh’scapital city
Dhakaandnot sofar form theBay of Bengal,seeFigure 5.

Figure 5. The map ofBangladesh.

The raw waterusedfor all the jar testand buckettest experimentswas fetched from a hand
pump attachedtube well in Noakhali. The Danida watersupply and sanitationproject has
installedan IRU for this tubewell, but the usedwater for theexperimentswas~takenprior to
the IRU, i.e. the raw groundwater was usedin theexperiments.The registerednumberof this
IRU is 13.
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The~aridniccoñEénifâti~bãfTRbjThrteifedb~MERCKarsenictestkit on~site‘was:aboürO.7
-j ~ .4.~.- %..L-A?-S. .,~x.zLLc~.s ~a.La. .I~

mg/i, which wasthe highestcancenfrationamongall the tubewells testedby the samefield
kit. Thereforthewaterfrom IRU~i~3waschosento beusedfor optirmzingthearsenicremoval
processesin this project. - - ~‘-~

By usinglaboratoryspectrornetricarsenicanalysis,the arsenicconcentrationsof IRU-42 was5 .

fouiid~tolie betweenca.0A-O.6mg/I in the periodof 08/09/97~27/1O/97.~Theresults~are,~
shosyninAppendix1. ~ ---- - -._ .~ .-.~ ~ ~~-~mr

: ::c~Ttc~ - - ~ k L—~’ tPbS
1k’&’Th

Three-watersamplesfrom IRU-l3 fetchedon3 differentdays,i.e..8 Septemberand2Oand27i
—‘ - ~ —‘-j ¶ .L~. ,ftf _-.t -tFA..4October(seeAppendices1 and 2). Thesampleswerepreservedusing HO and werebrought

backto Denmark.Beingabout680 mg CaCO
3Il in average,thetotal hardnessof the samples

wasanalyzedby atSmabsorption-atIMT, DTU. TlJp.Detailedresultis showninTAppendix2.

~ d~ziLw~L~- ._ _~ 43~4fl

:~ -: .:.

Onepurposeofthejar-testexp~jmentswastqdeterminetheo~timalcoagulantbetyveenferric ~
chloride, alum and~ri

6eJiuskand the correspondingoptimal dosage~ofchemicalsfor treating :~z~~

natural-waterfrom TRU-13 r-~c-~-‘‘~“~ - - -: -~~f& Yffs
— : a~: -‘ - ~-~-_~ - -

~ —~ -

:~~ . ii
II
F’
Ii

Figure 6. Jar testapparatussetup.
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The jar test apparatusis a six paddle stirrer which keepsa constantuniform stirring in 6~

beakers at the sametime. Eachbatch is consistedof6 ‘one-litreglassbeakerseachcontaining 1litre raw groundwater contaminated by arsenic, which was fetched from IRU-13 in Noakhali,
Bangladesh.Alum and ferric chloride in analytical grade were added as solution, while rice
husk,a local product,wasaddedasit is from a“teabag”.

First of all, an oxidant chemicals, sodium hyprochloride or beaching powder, was added to all
jarsat the sametime in parallel and mixed vigorously at about 100 RPM for 5 minutes. Though
the specificationof arsenicspecieswas not known due to the unavailability of analysis method

- - by then, to ensure a better removal efficiency, a certain amount of oxidant was used for
oxidizing As(flI) to As(V) before the treatment processestook place.

Different dosagesof chemicals were then added to all jars in parallel. The added chemicals

were mixed vigorously at about 100 RPM for 1 minuteand then slowly at about 25 RPM for 5

minutes.Thereafter,it was given 1 hour’s settling before the water was measuredror pH and
sampledfor the measurementofarsenicand iron concentration later on.

All chemicalsadded as solution were newly prepared everytime right before the experiments.

3.3. Bucket Experiments

The goals ofthe bucket experimentswere:

• to substantiate the removals observedin thejar test experiments,and

• to collectoperationaldataatthe household level.

These experiments were carried out using one/two20-litersplastic buckets and a wood stick
for stirring and a watch for timing the stirring.

From the jar test results, it may be seenthat ferric chloride gives better arsenicremoval
efficiency thanalum. Theoptimum dosageis about90 mg/I for FeCI3. 6H20 and
A12(~O4)3’ I 8H20. Bu~~~ge~ for an iyticaf ci ii s.Th the bucket experiments,

thetechnicalgrade chemicalsshould be used. The local productofferric chlorideandalum did

not have any specification,which meansthe purity of thesetwo chemicalswere unknown.
Moreover theportablebalanceDigi 200 usedfor weighingchemicalshada high uncertainty(±

1 g). So, for thesakeof arsenicremoval,conservativedosa~esof 3 g for ferric chlorideand 5
gfor alum werechosenrespectivelyfor treating15 litres! 1dwat..

When ferric chloridewasusedin onebucketexperimentin thevillage, whereIRU-13 locates,
theFe(OH)3 flocs werebig enoughbut stayingon thesurfaceof the waterin steadof setting

down to thebottom of the bucket,no matterhow much time it took. The red, thick Fe(OH)3
flocs layerhad avery disgustingappearancejust in front of thevillagers. Sothecoagulantwas

changed from ferric chloride to alum immediately, evenferric chloride showedbetter arsenicremoval ability in thelaboratoryexperiments.

q ‘_:‘
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3.3.1; One-BucketThperiments~~zqs~t ~-r:;fl~--~’ ~b2 ~ z~~’.7-s~:z~st’Vsn
- ‘c ii

It was assuniedthat the stwnnrzi{’anii~r’and duration might affect the arsenic removal
efficiency. Stncethe method ~aI td beü~edin a village‘by i1llt~ratdpeople,th& ~roce~ur~,
should be as simple as possibleand at thesan~etime as effectiveaspos~ible. ‘I
The one-bucketexperimentswerecarriedbut in avillagejust besidesthe ERU-13. First o(a11
about2 g ofbleachingjowders~a~addedto 15 litres ofrawgroundwatermaplasticbuck~of~~
20 litres,and mixed using “ ~‘dstick’ “A Walab&it6ORPM fcr 5 minutes.Abbüf5gof
alum were thenaddedto th o*idi±edwatIri~Aftersometime~ofabbut60 RPM “stif and -

slow stir (seiTable11 ,t ewater was given 1 hour for s&tting
down,arid thensampledfor arsenicandloriron analysis. - - - - ‘- - . -

-

In onebatch,thé1St stir took 60 ~eddndrandth& slo* stir took 3, 5, 7~9,11; 13 an115
- F - - ~ ‘ ~ -‘ ~

minutesrespecfiseiy:lit anotherThhfc1i,E’the~fist’itirtodk 1 0,’~20,140, ~nd 80 sed[Iespectively,

and the slow stir took 5 minutes. ~ CL4.t~—-~‘ ;:- --~--~--‘ - -—~~--~ ---.. _-‘fl-”1-.

The treatedwater~was decanted‘and the’saniples v~ie&illecied
plasticbottleandpreserved by4ml IHCI. -~ -‘ ‘ -

Table11. DaTaforone-bucketsetup

Faststir (sec) Slow stir
(minutes)

Bleachingpowder 2 g 60 sec 3
Alum (technicalgrade) 5 g - do - 5
Volumeofbucket 20 liters - do: 7
Volumeof rawwater 15 liters - do - 9

Sedimentationtime 1 hour - do - 11.
MlxingwithBP Sminutes -do- 13
Speedoffast stir 60 RPM - do - 15
Speedof slowstir 15 RPM 10 5

20
40
go

-do-
-do-
-do-

3.3.2. Two-BucketExperiments

From theone-bucketexperiments,it may be seenthat the1on~rtl~ s~theslowthri~~ duationtl-~ration,th
~fle{the arsenicremovalefficiency. But aIon er fa.st stirring doesnot give betterresults.For
a better quality oftreatedwater,a two-buckeexperep.sset up) see igure7. A simple
filtrationwasmaa~usihg~auid&i~djravelin thesecondbucket. -
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The first bucketwasusedfor mixing bleaching powder and alum with raw water. The second
one wasusedfor storing the treatedwater,which consisteda simple filter. After one hour’s
sedimentation, the water was decanted through a water tap fixed on the bucket and a tea

~ strainerto the second one. From there, the water was to be filtered one more time by the
simple filter before tije final usefor removingthe micro flocs, if any, left in the withdrawn
waterfrom the first bucket

- --‘~~ ‘c’,’ - -

I

p ~\~j

Figure 7. The iwo-bucketsystem .se zip.
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In this two-bucketexperinIent,the faiststii~wasset’for-40-sec~andtheslow stir ~s~tfo~ 10~
minutes The raw watèr~wasfetched’~from IRU-13 two days-before the exp~rirneit~The~
dosageof bleachingpowderarid alum, sedimentationtime etc.were the sameas iii the on~-~’
bucketexperiments(seeTabl& 11). ‘ - -- - T - --

3.4. Arsenic Field Test Kit

-

For thecalibrationof theMERCK arsenicfield testkit, waterfrom different IRUs, individual
places,and laboratoryexperiments,wereanalyzedusingboth the field kit and the labbratory
analysismethod

~ - --—--.~ — -

— -~ ~ ~ ~~-: ~ -

The testkit consistsof 100 analytical test strips, onereactionvessel,one 5 ml syringe,one
plasticspoon,onebottleof reageiit1 (ZnD,~andonebottleof reagent2 (HCI). (SeeFigure8).

~- .~r-.- -~‘ — ~ -- ~z-v.~ -~.~‘~—-- ~ ~, :- —

~-z~_ ~? -~

The colour scaleis: 0,0.1; ft5~i.O,-L7;and3 mg/i, from white to dark
cohcentrationis forT tbT~1total ‘~ ~ic~’W1-ieritife colour lied bet~eentwó~l~ir-’
concentrationwasgues~doutby~e~esight - - -

~ ~ ~ —

— - -‘

~e -.~ ~ —
—- ~ ~-:i---. ~

- —~-c--—., ‘t

I

I

~-:~ ~

Figure 8. MERC’Karsenictestkit I
Theprocedure of using this test kit is as foIlows~

Hold the reactionzone of the test strip downwards,insert the teststrip into the slit in the
cap of the reactionvesselsuchthat the cap dividesthe strip into two approximatelyequal
segments.

I
- ____ - -
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• Place5 ml oftest solutioninto the reaction vessel,add 1 measuringspoonofreagent 1 (zinc
powder)andshake. -

• Add tendropsofreagent2 (HCI) andclosethe reactionvesselimmediatelywith the cap.

• Wait 30 minutes, shake the reaction vessel gently 2 to 3 times. Remove the test strip,
immersebriefly in tap water, shake off excessliquid, and comparethe reaction zonewith
the colourscale

3.5. Arsenic Removal in IRU and during Storage

It is said that arsenicis present in over 245 naturally occurring minerals and the principle
arsenicmineral is arsenopyrite,FeAsS/Cullen & Reimer, 1989/. The oxidation ofarsenopyrite

may bethe reasonof theemergingof arsenic(seeSection2. 1). Therefore,if arsenic is present,
iron may also be present.

From the literature survey, it may be seenthat arseniccan be removed by being sorbed on or
co-precipitated with Fe(OH)3. In Noakhali, it is known that the groundwater containshigh iron

concentration. Many IIRUs have therefore been installed by DPHE-Danida Urban Water and
SanitationProject(UWASP)in that area

Becauseseriousarsenicproblemshave emerged in the border area, West Bengal, India and
many districts in Bangladesh,somewater samplesfrom these[RUs haverecentlybeentested

for arsenic,and theresultsare positive How seriousthe arsenicproblem might be in the area
and how much arseniccan be removedalong with iron in the IIRUs? Is it possible that these

existing IIRUs serveas a first line of defenceto the exposureto arsenic.Sincemany IRUs are
already in place in Noakhali, capital expensesmay be minimized if arseniccan be removed

using the existing iron removal units

3.5.1. Sampliig from JIRUs -

Water was sampled by some 1-liter plastic bottles, which were washed at least 3 times using
the samplingwater. 1 mIll (later thevolume of acid was changedto 4 nil/I for the efficiency of
preservation) of HCI was added immediately into the sample and shakedthoroughly for the
purposeof preservation. The sampleswere taken both before and after IRUs.

3.5.2. Arsenic During Storage

The
jar test experiments were run at BUET in Dhaka, and the raw water was taken from

Noak.hali. It was therefore not possibleto fetch raw water from IRU-13 every time right before
thejar test experiments Moreover, time interval betweentwo jar test experimentscan be very
long, while the raw water wasfrom the samecontainer, if arsenicconcentration remains in the
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waterafter it has.beenfetchedfotmanydayswhile thereis iron in thewater, how fastw&ild~
thearsenicconcentratioiicha}geand to what extent?

For inve~tigatingthis, the.waterwas fetched from IRU-13 and then stored in the pIas~ic
containeror bucketwithout any acid addition. Thewater sampleswerethen takenfrom the
supernataritby gently decantingto a plastic bottle everydayor every secondday. 4 n-il/I HC1
wasaddedimmediatelyaftersamplingfor preservation.Theconcentrationfor both arsenicand I
iron was analyzedafterwards
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4. ANALYTICAL METHODOLOGY

4.1. Arsenic AnaIy~is

4.1.1. Introduction

Arsenic concentrationwas measuredusing SDDC (silver dithyldithiocarbamate)method

/Standard Methods, 1995/ with some modifications to the arsine generator and absorber
assembly,seeFigure 9. In the modified method, 5 ml silver diethyldithiocarbamate (SDDC)
solution was put into a test tube, which is easyfor washingand not easyto be broken, instead

• ofbeing put into theU shapeal~-orberin the standard method.

Moreover, ~ Qiwnkçrohydride solution was usedin the modified methodinstead
of 15 ml as in the standardmethod,becausewhen 15 ml sodium bQrohydridejolutionwas
used, the p~~~cecLcnlnur~fthe complexeswasve~~ This may be due to the high

• temperature(morethan30 degree)andhighhumidity in Bangladesh. -- - -

Cocnect’on10
c~ci,~ r~

200—mi flo~

M~gr~eticB-sr

PbM.
n~ned
Lies, ~voi

inert
4&Pr,ryV~be

Figure 9. Single arsenicgeneratorwid absorberassembly

(a) standardmethodversion;~‘b~)modifiedversion,
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Nitrogen Cylinder

- - Figure 11. SkeIc/i ofIh~arsenicai~!ysissystem.

The flushing nitrogen gaswasonly 60 mllmin for eachgenerator. There wasno flow meterfor
any of the 5. generators to control such low flow rate. When the flow to one of the 5

• generators wasadjusted the other were largely affected. To solvethis problem, an overflow
systemwasarranged(the Plastic Bottle in Figure 11). Though this may waste somenitrogen
gas,theflow influence ofthe 5 generatorson eachother was efficiently reduced.

All chemicalswere analytical grade. The absorbenceof the producedcolour was measured
usingaDR/2010 portabledataloggingspectrophotometerat 520 nm againstchloroform.

4.1.3. Standard Calibration

Between 07/09/97and 30/10/97,the standardsolutionswere measuredabout20 times. The
slope of the calibration curve was changing from time to time. The detailed results are shown
in Appendix 3. The main results are summarized in Table 12, and graphicallypresented in
Figure 12 andFigure 13.

For all thesecalibrations,the sameanalytical chemicalsof the sameamount have been usedfor
every time. The only exception was that, on 07/09197, the sodium borohydrideused was

purchased in Bangladesh,which wasnot in white powder form and was alreadymelt and stuck
together. The bottle was opened 3 days before the calibration. According to the standard

method /StandardMethods, 1995/ 15 ml I % sodiumborohydridesolution was used. The
resulted slope of standard curve was 1.038 (see Table 12). According to an earlier result
/Liang & Shrama,1997/,the slope ofthe standard curve should be -higher than 1.6.

On 29109/97, new sodium borohydride from Denmark was first opened and used. The added
sodium borohydride solutionwas also 15 ml. The resulted slopewas 1.705, which was as good
as expected.

- —-.4 - —-

- - - • - ~ - • *-~- ~-- -r-, -

Flow Meter NIddI eValves

Plastic Bottle
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~ ~Tabj~12 Comparisonofarsen~standrxr4~cal~bration~byusing thfferent amountofNaBH4
~ on ffe~e£ic~i ~ ~ ~ - -

07/09/97 29/09/97I~’~Conc.. S -l2110,15 ml NaBE4 l8-30/10,25~m1 NaBH4

Average St. be-v Average St. Dev

ABS ABS ABS ABSmg/I ~ig mg/I

- 0 0.000 0.011 0 0.000 0.018 0.004 0.017 0.005
0.01 0.002

- 0.05 0.043
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- - Figure 12. Arsenicstandardcurveon O7-12/O9/97~15 ml sodiumborohydridesolution used.
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Figure 13. Arsenicstandardcurve on 18-30/09/97, 25 ml sodiumborohydridesolutionused

But on 08 - 12/10/97,the samesodium borohydrideas on 29/09/97and 15 ml of the solution
wasused, the resulted averageslopewasonly 0.88. It wassurprisingly lower thanexpected.

From 18-30/10/97,the usedvolume of I % sodium ~ ~n1 ion was changedfrom

lSml to 25 ml, the averageslope lied at 1.604. -~ - - -.

4.1.4. Discussionsand Conclusions -

From Table 12, it may be seen,that at lower arsenic concentrations, the standard deviations
are almost the same between data from 08-12/09/97 and 18-30/10/97. But at higher
concentrations, the standard deviations are generallyhigher for data from 08-12/09/97than
that from 18-10/10/97.For example,at 0.286 mg/I, the standarddeviation was 0.043 for the
data from 08-12/09/97and0M37 for thedatafrom 18-30/10/97,respectively.

The samechemicalsand analysisprocedureshave beenused.But whendifferent amount of
the essentialreductant,sodiumborohydride,is used,different slopesandstandarddeviations
areobtained.15 ml reductantsolutionis apparentlynot enough.But whenthe chemicalswere
very fresh on 29/09/97,the 15 ml solution resulted in a high slope (1.705). This may be
attributed to the tropical climate, i.e. the high temperature and humidity in Bangladesh.
Moreover, when the bottle of the sodiumborohydrideis openedor whenthe chemicalsare
being weighted, the moisture in the air is quickly absorbed by the chemicals. Dry sodium
borohydride getswet immediately. Since sodium borohydride is a very strong reductant,its
efficiency may be reduceddu~to reactions with water and oxygenin the air. In addition, when
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the chemicals is getting ~etterand wetter, the actual concentration-of sodium borohydride
solutionis gettinglower andi~er~ -

Even the slops and the standarddeviationsare different from tithe to time; but correlation
coefficientsare all equalto or higher than 0.99 for all tests except‘the one on 12/10/97(see
Appendix 3). Since thesampleswere,measuredin the sameway as that for the standard
solutions,theprecisionshouldbe goodenoughevenwhen15 ml sodiumborohydridesolution
wasused. -

4.1.5. ProblemsofPreservation - . :-,.

The watersamplesfrom IRUs collectedon 08-11/09/97werepreservedby 1 mI/l HCI, which
wasmade‘in India. Wh~thesesampleswere analyzedon 11 and 12/10/97,somep~~pitate
was foundia the bottom of some bottles. Apparentlyarsenichad precipit’~t~:withiron in

someof~1~samples(seeAppendix 5), i.e. for some of the raw water samples1 mi/I HCJ
preservationwas not e~ugh.So theresultsobtainedon 11 and 12/10/97with 15 ml sodium
borohydridemay only be used as preliminary results. Attempting to get the real arsenic
concentration;som& of thesesampleswere measuredagainon 26/10/97 with 25 ml sodium
borohydridesolution Before this analysis,the raw water sampleswere added 2 to 4 ml!!
analyticalHC1 againfor dissolvingtheprecipitate.Theprecipitatedarsenicshouldbe released
to the solution and the results are representative.

Theanalysisresultsof theJRUsboth on 11-12/10/97and26/10/97aresho\\~in Appendix5.

From 21/10/97,all of thepreservedsampleswereadded4 mi/l analyticalHOl.

4.2. Iron Analysis I
The total iron concentration was analyzed by its colourimetric determination with
thioglycollic acid according to /HMSO, 1972!. Thioglycolllic acid instantly reduces a solution I
of ferric iron and reactswith ferrousiron in the presenceof ammoniato give a red-purple
colour, the absorbenceof which was measuredby using a DRI2O1O portable datalogging
spectrophotometer at 535 nm.

The following standardsolutions are used~0, 10, 20, 30, 50, 70, 100, 300, 500. 800 ~ig iron
correspondingto 0,0.2,0,4,06,1,1.4,2,6,10, 16mg/i. -

It. wasassumedthat therewas no organicmatterto be destroyedin the sampleswhile theraw
water was groundwater.The samplehad a volume of 20 ml and was well mixed after each
additionof chemicals(1 ml HC1, 2 ml citric acid solution, 0.1 ml thioglycollic acid and2.5 ml

ammoniurnhydroxide),andthen distilled water was added in to themarkof 50 ml volumetriq
flasks. - -

I

--1
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The absorbenceof the \~ellmixed solution was measuredusinga 10 mm cell \\ith distilled
waterasreference.The nonconcentrationof the sampleswas thencalculated~ccording to the
calibiationcurve. -

4.3. pH Measurements

The pl-1 of the sampleswas measuredwith an ECIO portablepH meter,which was calibrated
usingpH buffer solutions4, 7, and9 everytime beforethemeasurementTheprocedureof the
measurementis immersingthe pH electrodein the sampleand slowly stirring the solution by
gently shaking the sample bottle. The pH was measuredbefore the preservationbut
immediatelyafter sampling.

Figure 14. Cob urirneiric iron analysis.

a
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5. RESULTS AND DISCUSSIONS

5.1. Arsenic Removal along ‘vrii. Iron in Iron Removal Plant

~,~‘!‘

-r

Water from 25 IIRUs (Iron Removal Units), 4 deeptube wells, and 3 individual places were
analyzed both for iron and arseni~concentrations.Becauseof preservation problems as

described
in Section 4.1.5, the ~~t~ic analysis results from 26/10/97 are believed more

reliable,which are thereforeused for’ discussionin this section.The resultsareshownin Table
13, Figure 15-19.The detailedresultscanbe found in Appendices4 - 6.

Table13. JRUs’ Removalefficiencies on both arsenic and iron concentrations together with
concentrations ofAs and Fe at ~ deep tube wells and 3 individzal places.
* deep tube well. # individual place.

Name
Fe~~
mg/I

Total Fe
~

mg/I

Removal

%

ASB,.,.

mg/I

Total As
ASR.I~d,.I

mg/I

Removal
%

Fep,,/Ai~,.

IRU-1 36.60 11.61 68 0.086 - - 423
IRU-2 15.14 0,01 100 0 334 0.012 96 45
IRU-3 11 90 0.05 100 0.041 - - 287
JBU-4 15.71 .- - 0.142 - - 110
IRU-5 9.87 2 45 - 75 0.244 0.093 62 40
LRU-6 14 29 0.87 94 0.043 0.006 87 333
IRU-7 8 49 2,28 73 0 156 0 038 76 54
IRU-8 577 - - 0 092 - - - 63
JRU-9 28,17 - - 0.197 - - 143
IRU-lO 11 01 050 95 0.311 0.032 90 35
JRU-11 6,02 - - 0.133 - - 45

IRTJ-12 22i6 0.34 98 0.003 0 100 7938
LRIJ-13 6.79 2.45 64 0.478 0.216 55 14
IRU-14 11.78 492 58 0.188 0.145 23 63
IRU-15 10.36 0.42 96 0.071 ~iO10 86 146
mU-16 11.17 2.73 76 0.605 0.311 49 18
IRU-24 12.55 0.50 96 0.118 0.102 14 106
LRU-2,5 12,30 0 100 0.018 0.008 56 674
IRU-26 2,98 204 31 0.218 0.165 24 14
IRU-30 23.42 0.00 100 0.142 0.007 95 165
IRU-34 2 1,03 6.06 71 0329 0.098 70 64
LRU-35 10.28 2.28 78 0.079 0.032 60 130
IRU-36 &05 1.84 77 0.307 0.174 43 26
IRU-39 13,28 3.18 76 0 115 0.044 62 115
IRU—4o 5,04 0.13 97 0.057 0 009 85 89

*Ofl~..1 2.04 0.000
*OT\V2 2.49 0.000
*O~W3 2.45 0.000

*OTW_4 2.73 0.000
#Nillershouse 0.58 0.114
#Guestbouse 034 0.116
~Feml5house 157 0.276

43
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The ratiosbetweenAs(III) andAs(’V) inthe raw waterarelistedin Appendix5. The measured - -‘

resultsof theseratios are between0 - 4.3.It is unavailableto-give a general ratio between ~:
As(III) and As(V) in Noakhali areabasedonly oh a few samplesanalyzed.But at most of
thesemonitoredIRUs, theratio betweenAs(III) andAs(V) is lessthan 1, which meansAs(V)
is dominating.This is consistentwith the fact that the shallow water is aerobic.It should be j
noted that theseresultsthay only bel usedaspreliminaryresultsbecauseof thepreservation
problem. -

From Figure 15, it maybe seenthat the iron concentrationfor all thesamplesis higherthan 1
mg/i, ~vhich’ is the Bangladeshguideline value for iron in drinking water. The arsenic
concentrationfor most of thel sthiplesstaysabovethe MCL value, 0.05 mg/I (the temporary

Bangladeshstandard).Theresults’arevery scattered,No clearcorrelationbetweenarsenicand
iron concentrationsin theraw water may be observed.Even though thereis a trend that if -

arsenicis present,iron is alsopresent,this i~nottrue in the oppositeway.

From Table 13,it may be seenthat,deeptubewells containarsenicbelow detectablelevel-
with low concentrationof iron. At thel threeindividual p-laces,-Nillershouse,Guesthousearid
Fernishouse,thereare both arsenicand iron presentand the arsenicconcentrationis higher
than0.05 mg/i. ~, - . . -

Figure 16 showsthat, at theseIRUs, the betteriron removal,thebetterarsenicremoval.When
iron removal is higher than 60 %, the arsenicremoval is higher than 50 Va except for a few
cases.
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Figure IS. Arsenic concentration versus iron concentration in the raw waler (before JR Us).
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Figure 17. Residual arsenic concentration versus arsenic concentration in the raw ‘dater

(before JR Us).

a

Figure 16. Arsenic removal versus iron removal at JRUs
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Figure 18. Residualarsenic concentration versus iron removalat the IRUs. I
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Figure
17 shows that the residual arsenic con~èntrationis more or less proportional with

arsenicconcentration in the raw water. Many data points of the residual arsenicconcentration
lie below 0.05 mg/i. Even when arsenicconcentration in the raw water as high as0.3 mg/i, the

residual concentration can be reducedto below 0.05mg/I.

From Figure 18, it may be seenthat when iron removal efficiency is high, very low values for
the residual arsenicconcentration can be obtained.

Figure 19 shows that there is a linear relation between the arsenic removal and iron
- - concentration in the raw water. The higher the iron concentration in the raw water, the better

the arsenic removal efficiency

Most of these25 tube wells abstract shallow water, where the water is most contaminated by
- - arx~nic.TheseIRUs were installed for removing iron. Someof them are up-flow type, someof

4liem are Unicef type Because of the improper design andlor the shortage of proper
maintenance,theseIRUs arenot functioning optimally. But still about65 % of arsenic on a
averagebasisof thesemonitoredLR.Us canbe removedalongwith iron.

5.2. Arsenic Removal During Storage

The detailedresultsareshownin Appendix I while the main resultsare listed in Table 14 and
Figure 20 - 23.

From Figure 20 and Table 14, it may be seen that the arsenic and iron concentrationsin the
tube well of IRU-13 did not changevery muchin Septemberand October, 1997. The arsenic
concentration liesbetween0 4 to 0 6 mg/I andthe iron concentrationlies around7 mg/I.

Table14. Arsenic removal along with iron during storage in bucket

FetchedTime from
IRU-13

Sampled Data Standing Time ~b) Residual As
(~gJI)

Re,siduaJFe —

(mg/I)
08109197 0 0 478 7.01

09/10/97 0 0.481 -

20/10/97 (8:00) 20/10/97 (8:00) 0

20/10/97 (13.00) 5
21/10/97(11:00) 27
21/10/97(16:30) 32.5
22/10/97(18:00) 58
23/10/97(2 1,00) 85
24/10/97(19 00) 107
26/10/97(19.00) 155
28/10/97(19:00) 203
29/10/97(17:30) - 225.5

0.422

0.391
0.389
0.380
0.384
0.271
0.364
0.284
0.365 -

0,328

6.49

6.24

4.69
6.28

7.65
0.00
0.00
0.08
0 00
0.12

27/10/97(8:30) 27/10/97 (8:30)
27110/97(13:30)
27110/97 (17:30)

0
5
9

0.461
0.432

0.454

6.85
4.94
2.71

27/10/97(17:30) 27/10/97(17:30) 0 —~ 0.569 7.33
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J

Figure 22. Residual iron concentration during storage (water fetched on 20/1 0/9 7).

Figure 21 and Figure 22 show the changeof concentrationsfor arsenicand iron in stored
bucketsin the laboratoryversustime. The numberof datadoesnot allow for verificationof
the reaction kinetics,which is not the purposeof this project either.However, if a first order
reaction pattern is assumed,the arsenic removal in the initial days during storagemay be
describedby theequation. - -

eq. 27

where,C1 is theresidualarsenicconcentrationattime t, mg/I
CQ is the initial arsenicconcentration, mg/i

is thestoragetime, houror day
k is the rateconstant,which is estimatedto be k = 0.004h’ or 0.096d’.

The arsenicconcentrationonly falls about20 % in the first coupleof daysand thereafterthe
concentrationremainsalmost constant,indicating that the arsenicremoval during a normal
storageof waterin a bucketathousehold level is negligible.

The iron concentrationalsofalls in the first coupleof days.It becomesalmostnil afterabout3
days. This may explain why the arsenic concentration remains unchanged after the initial
period.
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Figure 23. Comparisonof residual concentration for arsenic and iron during storage(water
fetched oii 20/J0/97,~.

Themeasurediron concentrationon 26-29/10/97may be attributed to the micro flocs coming
in to water during sampling procedure,since the sampleswere not filtered. Therising in iron
concentrationon 21/10/97(16.30) and22/10/97(18 00) may be dueto the samereason.

5.3. Calibration of Field TestKit

The arsenicconcentrationof 46 sampleswas measuredusing both MERCK test kit and the
laborai.or\ analysismethod The resultsare listed in Table 1 5 The difference.X, between
theset’~omethodsare calculatedin column (4) AssumingX is a statistical variablewhich is
normally distributed The meanvalue of this variable. Ii, is an indication of the consistency
betweenthese two methods. i e. if u is zero, there is no difference betweenthese two
methods.otherwise.Jt meansthat thereis a certaindifferencebetweenthesetwo methods

Accordingto /Conradsen,1 995/ the hypothesisis -

H0 p = 0 against H p. � 0

Thetest valueis.
x

S/”,?

I

- -- ---~ -- -.

0 LL•) J.~ Lt) o:, Lt) r~— tü c-, U~
0 U) 0 U)

— ~ C”)

(N

Storage Time lhoursl

Where,5 is thevarianceofX
n is thenumberof the realizations
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Table 15. Arsenic concentrations measured by MERCK and Spectrophoi’oineter

SampleSource MERCK~~‘ - Spectrophotometer X(difference)

Column (1)
Niller’s house
Guesthouse
Femi’s house
Dulai Master Ban (Raw)
Dulal Master Ban (Treated)
Kala Miah Bahi (Raw)
Kala Miah Bahi (Treated)
Jar Test saw pie on 24/09

IRU- I

IRU-3

1RU-9
IRU-12
IRU-13
IRU-14
IRU-15

OTW-l
OTW-2

OTW-3
OTW-4

Column (2)
01

0.2
0.3
04
0.4
0.4
01

03
0.2
0.2
01
0.2
02
02
0. 1
0

0 05
02
02
02
02
01
0.05
0 05
0.0!
00!

0
0
0
0
0
0
0
0
0

0 25
0!
0.3
0

0.7
04
01
0
0
0
0

Column (3)
0.11
0 17

0 28
021
018
0.25

0.06
0 12
02!
0.15
0 24
02! .r~
012 LI

0.19
0 08
0.06
0.30
0.30
02!
0 22
0.22

0.17
0 tO
0 09
0 06
0 06
0 05
0 04
00!
0 03
0.02
0 02
0.00
00!
0 00
0 09
0 04
0.20
0 00
0.48
0.19
0 07
0.00
0 00
0 00
0 00

Column (4) = (2) -(3)

-00!
0.03
0 02
0 19

0.22
015
0.04
0.18
-001
0 05
-0.14
-0.01
0.08
0.01
0 02
-006
-0.25

-0 10
-001
-0.02
-0 02
-007
-0.05
-0.04
-005
-0 05
-0 05
-0.04
-0.0l
-0.03
-0.02
-002
0 00
-0.01
0.00
0 16
0.06
0.10
0.00
0.22
0.21
0.03
0.00
0.00
0.00
0 00

Jar Test Sample on 28/09

Jar Test Sample on 29i09

\‘ariariee 0.0086!

TVlcar~ 0.01552

Test Vaitne Z 1.135
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InsertingS~”‘)0.00861, ~ = 0.01552, and ii = 46 to the aboveequation,it derivesZ 1.135.

If thesignificantlevel cr 5 %, the critical areawill be:

C {z z < t(n-1)~~ z> t(n-1)j~)= z < t(45~% ~ z> 1(45)975%) 1
= {zlz<-2.015 LJz>2.015}

The calculatedZ is 1.135, which lies outsideof the critical area Thus the hypothesisH0 is
acceptedat the 5 % significant level ThoughMERCK test kit doesnot give exactlythe same

value as the laboratorymethod, and sometimesthe differenceis even quite large, from the
statisticspoint of view, it can hit the right valueat 5 % significant level as the laboratory
method.

From the point of view of drinking water quality control, when the arsenicconr.2~itration
measuredby MERCK is undertheMOL value(0.05 mg/i), thesamplesmustbe re-~heckedby
thelaboratorymethodsincetherealconcentrationmight be higherthan0.05 mg/I. Moreover it
is not easy to read the colour scales at low concentrations,which in turn gives higher
uncertainty. I
5.4. Significance of Chemical Dosageson Arsenic Removal and pH

The jar testexperimentswerecarried out on 14, 24, 28, and 29 Septemberand 16, 21 October
1997. Only the jar test results camed out on 21/10/97 are discussedher. The otherjar test
results are shown in Appendix 7-13 according to the date when the experiments were carried
out. Becausethe sampleswere not taken right beforethejar tests,exceptfor that on 21/10/97,
the initial arsenic concentration is not the measuredvalue. It is derived from the results of
Sections 5.1 and 5 2, which show that the arsenicconcentrationchangesvery slightly in
Septemberand October,1997, and the removal efficiency is very low during storage The total
arsenicremoval is only about 20 %, and after the initial period, the concentrationfor arsenic
almost remainsconstant The addedamount of bleachingpowder, the dosagesof coagulants,
thevolume of HC1 for preservation,the experimentsprocedureand so on are also listed in the
correspondingappendices

5.4.1. FerricChloride and Alum

The initial concentration for arsenic was 0.3 84 mg/I and for iron 5 48 me/i. The added iron
dosageswere 0.11, 0 15, 0.18, 0.22, 0.26, 030, 0.33, 037, 041 mrnoL’I (Corresponding
FeCl~.~6H2Odosageswere. 30, 40, 50, 60, 70, 80, 90, 100, 110 mg/I). The addedAl dosages
were, 0.24, 0.30, 0.36, 0 42, 048, 0 54 mmolIl (correspondingAl2(SO4)~~1SH2Odosages
were, 80, 100, 120, 140, 160, 180 mg/I).

The main resultsfrom jar testson 2 1/10/97 are shown in Table 16 and Table 17 , andFigure
24 - 27. SeeAppendix 13 for more details I

I
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Table 16. The arsenic removalefficiencyby addingferric chloride. The initial
arsenic concentration is 0.384 mg/i.

Dosage

FeC!3. 61E~O Fe

mg/I rnmol/l mg/i

Arsenic

Residual

mg/I

Removal
%

30 0.11 6.2 0.152 60

40 0.15 83 0.135 65

50 0 18 10.4 0.100 74

60 0.22 12.4 0.079 - 79

70 026 145 0062 84
80 030 16.6 0074 81

90 0.33 18 6 0.037 90

100 037 20.7 0033 91
110 0.41 22.8 0041 89

Table 1 7. The arsenic removal efficiency by adding aliun The initial arsenic
concentration is 0 384 mg/I.

Dosage Arsenic

AI3(SO~)3. 18H30 Al Residual Remo~a!

mg/I mmol/l mg/i mg/I %

80 - 0.24 6.5 0.115 54

100 030 8.1 0.143 63

120 0.36 9.7 0.096 . 75

140 0.42 11.4 0.090 77

160 048 130 0074 81

ISO 0.54 146 0072 8!

When ferric chloride wasused,the arsenicconcentrationwas reducedfrom 0.384 mg/l to less
than 0.05 mg/I at the dosageof 90 mg/I FeCl3~6H2O,the removalefficiency is around90%.
Wlieii alum was usedthe residualarsenicconcentrationstill lay above 0.05 mng/l even the
dosagewas ashigh as 180 mg/i A12(S04)3 1 8H20. The removalefficiency wasonly obtained
around80 %. (seeTable 16 andTable 17).



Figure 2’I. influence ofalum andferric chloride dosages (~mo/arbasis) on arsenic removal,

Figure 24 shows the residual arsenicconcentrationversusthe added dosageof chemicals
measuredasAl andFe in molarbasis,while Figure25 showsthe dosagecurveson the weight
basis of alum and ferric chloride. Thesetv~Ofigures show clearly that both in molar and
weight basesferric chloride is more efficient than alum in removingarsenicconcentration
from water Thearsenicremoval is increasing ~~iththe dosage of chemicals.

Usingbestfit curveto the nieasuieddata.the dosagecu~esfor Al and Fe on molarbasiscan
be expressedas the following equationsfor alum and f~rncchloride respectively.

)‘= —0.133Ln(X)--0.0217 eq. 2.8

)‘~ —0.0949Ln(X)—0.0565 eq. 29

where, us the residualarsenicconcentration,mg]
Xis theFe or Al dosage on molar basis.mmolfl
For Fe. the validit interval is 0.11 - 0 41 mmol’i. and for Al, 0.24 - 0 54 mmol/1

On the weightbasisof alum and ferric chloride, the abc’ve equationschangeto the following
equationsaccordingly

1’ = —0.1 33Ln(X)÷0.7508 eq. 30
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Y —0.0949Ln(X)+ 0.4748 eq. 31

After somestraightforwardderivation,theaboveequationscanfurtherbe reduced:

X = e~’7~~5~ eq. 32

A’ = e10”’501 eq. 33

where, Y is the residualarsenicconcentration,mg/I
A’ is the FeCI; 6H

20 or A12(S04)3I 8H20 dosageon weightbasis,mg/I
For FeC!3 6H20, the validity interval is 62-22 8 mg/l, and for Al,,~5 - 14.6 mg/I.

Before the chemicalswere added to the water, bleachingpowderwas first mixed with water
for 5 minutes for oxidizing As(T1I), if any, to As(V). The existing iron in groundwater was to
be precipitatedasFe(OI-I)3, and this iron hydroxidewas to absorbsome arsenicin the water.
Therefore,beforeany chemicalswere added,somearseniccould already havebeenremoved
in advanceby the existing iron. The remainedarsenicmay further be removedby the added
chemicals~aluni,ferric chloride, ricehusketc.) aftermixing with bleachingpowder.

initial
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U

U
U

V

(I~ci

____________ 1~unI(FC)
0400 ~.. —._-. ~ —~-----~-~-~ .. ..

• Run2(FC)
0350... ~ -.—. ~ -- -~ - --

A ltun3(r C)
0300 ~ --~--- - . -
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0250 I - ., —~—--~ - - --
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0.200 . ... I. — .--~- ‘I

I ~ • Run 5(Alum)
0 150 ~_____A .~,, =
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0 050 • I y .0 0949Ln(X) + 0 4748 Log (A~eragc(F C))

R~=0.9464
0000 L - ., .--- -.--~- -. - - -~ --

200 Log (A~crag,(Alum))
0 50 100 150

A13(S 04)3 1 8H10/ FeC!. GHzO dosage 1mg/Il

Figure 25. SignifIcance of alum and ferric chloride do.sages (31’elght basis) on arsenic
rc’niOva!.



Thoughno blind testswereincludedin thejar test experiments,the samewater was usedfor
jar testson 2 1/10/97and for testingarsenicremovalduringstorage.From Table 14 in Section
5.2, it maybe seenthat the arsenic concentration was around 0 3 mg/I wheniron concentration
becamezero.This concentration,0.3 mg/I could be the residualarsenicconcentrationat zero
alum or femc chloridedosage

Theoretically,theresidualiron concentrationshould be zeroif thesolubility ofFe(OH)3is very
small. But the measurement results were not zero when femc chloride was used (seeFigure
26), which indicatesthat the sedimentationmaynot be completeor undersampling,the micro

flocs may havecomeinto water eventhroughcoffee or tea filter In the laboratory,thewater
samplemay be taken through a very fine filter but no body doesthat in practice So the
residualiron concentrationis generallynot zero,evenit can be zero in theory

From Figure 26, it may be seenthat almost all residualiron concentrationslie below I mg/I and
whenalum wasusedthe residualiron concentrationswerenot detectable

Ferric chloride andAlum are both acid according to eq 16 - eq. 19, i.e. they consume the
alkalinity in the water Figure 27 shows a clear tendency of decrease in pH There is a linear
relation betweenthe resulting pH and the dosageof the added chemicals The decreaseis,

however,very small and the resultedpH is acceptableunder all circumstancesThis may be
related to the buffer capacityof thewater and to the addedchlorinatedlime, which may take
part in the proto)ytic reactionswhen it is dissolved.Thereis no needto adjust the pH for the
treatedwater,whentheresultedpH is around7.

I
I
I
I
I
I
I
I

I
-. - -.
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Figure 26. Sign~icanceofalum andferric chloride dosages(molar basis) on residual iron
concentrations. --
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5.4.2. RiceHush

In run 1, different rice husk dosages, from 0.6 - 3.6 g/l, were used, and in run 2, the rice husk
dosageswere almost identical (about 0.7 g/l) but combined with 10 ing/l alum or ferric
chloride. From Table 18 and Figure 28, it may be seenthat the residual arsenic concentration

is below~0.05mg/i In all cases.In run 2, when additional alum or ferric chloride was added,
theresidualarsenicwasbelowdetectablelevel.

This local producthasa very good ability for arsenic removal. Unfortunately, a descriptionof
this local product has not beenavailable.Becausethe rice huskhas been treatedby ferric
chloride in advance,the contentsof ferric chloride in the rice husk may be very high.
Thereforeit giveshigh arsenicremoval. — __~ - - - -

Whenrice husk combinedwith alum or ferric chloride, the removal is more efficient than rice
huskalone. - - - - - — . -.- . -

Thoughthis local producthasa goodability for ~rsenicremoval, it was not chosenfor further
experimentsbecausethe produced flocs had a ~b’s~diin~ntation ability. All the flocs lay oi~i

the water surface. Moreover, the colour of thetreat~dw~atei~wasdark greenand theblackrice
husk ash wasfloating on thewater.It h~da very unpleasant appearance.

- .~.-

~ --~ ~ .~ ~ -~
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Figure 27. Significanceofaliun andferric diloride dosages(inolar basis) on resulting pH.
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Table18. Sign~fIcanceofrice huskdosageon crrsenic removaL

.

Run 1 Ric.e Husk
g/l

Dosage
Additional Chemicals

mg/i

ResidualTotal As

Run 1
mg/I

06 0 0012
1.2 0 0.028
18 0 0.015
24 0 0022
30 0 0.000
3.6 0 0.006

Run 2.
0.7
07

0.7
0 7
0 7
0 7

dS~?
10 (alum)
10(alum)
10 (alum)

10 (ferric chloride)
10 (ferncchloride)
10 (ferric chloride)

0.001
0.000

0.000
0 000
0.000
0.000

.0
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Figure 28. Sign~fIcanceofrice husk(weigh! basis) on arsenicrenio’~’al(‘the initial arsenic
concentrationwashigher than 0.38 ~
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5.5. Significance of Mixing

5.5.1. One-bucket experiments

-‘~n.~“-, -~ * ~——

The relation between residual arsenic or iron concentration and the duration of slow and fast
stirring are shown in Figure 29-32, respectively. It may be seen that the longer duration of

slow stirring the betterarsenicremoval.Onthe other hand, the longer duration of faststirring,
the worse arsenic removal. Under slow stirring the small flocs attached together to bigger

flocs, which have better sedimentation abilities while fast stirring would breakthebiggerflocs
to small ones,which consequentlygive poorarsenicremoval.

In Figure29, it clearlyshowsthat, whenthe durationof fast stir is ~èd, longerslow stir gives
better arsenic removal. With 1 minute’s fast stir in advance,the’~rsenicconcentrationin the

treated waterwasunder0.05 mg/I after 10 minutes’ slow stir, while the arsenic concentration

is around0.07 mg/I after 3 minutes’ slow stir By keepingin mind the fact that the initial
arsenicconcentrationis 0.556 mg/I, it may also be seenthat within the first few minutes,the
removingprocessof arsenicis very fast.

In Figure 31, it may be noticed that, at a fixed duration for slow stir, the longer fast stir gives
worsearsenicremoval.

Table 19. Sign~flcanceof mixing in (erimi

hour
ofstirring speedand duration. Settling time is 1

-

-

Run No.
Fast stir

sec
Slow stir
minu(cs

ResultingSludge
ml

ResidualAs
mg/i

As Removal

°‘°
1 60 3 600 0.064 89
2 60 5 700 0.062 89
3 60

7 600
0.043 92

.4 60 9 600 - 0.060 89
5 . 60 11 600 0.037 93

6 60 13 900 0.020 96
7 60 15 800 0.034 9.4
8 10 5 800 ~J.034 94
9 - 20 5 - 900 0:034
10 40 5 900 - 0.027 - 95

11 80 5 800 91
..
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~ .:- -

-
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Figure 29. Residual arsenic concentrationversusthe slow stirring duration in the bucket
experiments The initial arsenic concentrationis 0.556mg/i Thefaststir isfixedat 60 sec I

Figure 30. Residual iron concentration versus the slo’ii’ stirring duration in the bucket
experiments.The initial iron concentrationis 7 mg/i Thefaststri’ is fixedat 60 sec
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Figure 31. Residual arsenic concentrationversusthe fast stirring duration in the bucket
experiments.The initial arsenicconcenlraiionis 0.556mg/i. Thesloestir isjixedat 5 mm.

Figure 32. Residual iron concentration versus the fa.~t- stirring duration in the bucket
experiments.The iziitial iron concentrationis 7 mg/i. Theslow stir isfixedat 5 mm.
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The residualironconcentrationsshould be zeroasdescribedin section5.4.1.But it is not easy
to obtain zero iron concentrationin practice Nevertheless,the measurediron concentration
waslessthantheguidelinevaluein Bangladesh,1 mg/i, in all experiments.

From the point of view of practical field implementation,the investigationresults are very
promising becausethey show that the arsenicremoval is less sensitiveto the duration of
stirring than to the speedof stirring.

The recommendedoperationcriteria may thereforegiven as: with fast stirring, using shorter
possibleduratione.g. 10 sec,andwith slow stirring,usinglonger time duration,e.g.> 10 mm.

5.5.2. Two-bucket experiments

Somebutch experimentswere camedout with 10 minutes slow stir and40 seconds fast stir
in two-buckettestexperiments.Dueto theshortageof time, only 2 samplesafterthe second
bucketwere ana1y~edfor arsenicand iron. The resultsare shown in Table 20, Figure 33 to

Figure 35 and canbe found in Appendix 14 for more details.TheresultedpH lies between6.5
to 7, which is not neededto be adjustedafter treatment, and the concentrationfor arsenicand
iron in the treatedwater lies below0.05 and I mg-’l, respectively.

From Table 20, it may be seenthat arsenicconcentrationis slight lower after the second
bucketthanafterthe first one This is probably dueto the uncertaintyof arsenicanalysis,but
ii may also be due to the fact that the simple filter has removed some micro flocs escaped

from the first bucket.

The resultedsludgeis less than I litre With 15 litres raw water in total, the yield is higher
than90 %

These experiments were carried out at the same day, using the same water and the same
procedure.But from the results, it may be seenthat the initial concentrationboth for the
arsenicarid the iron varied through the 6 batches The concentration for arsenic and iron in
batch No.6 is higher than the earlier ones.This is due to the fact that the settled clay,
precipitateandso on at the bottom of the containerwere unavoidablydisturbedwhen the raw
water was beingpouredto the bucket Especia1l~at the last batchalmost all of the rawwater
left in the container was used After all, the residual arsenicand iron concentration is
acceptablefor all experimentssince it all lies under 005 mg/i and 1 mg/I for arsenic and iron,
respectively I

I
I
I
g



-Initial Residual
pH As

Conc.
Fe

Conc~
pH

~
As conc. (mg/I)

.
Fe Cone.(mg/I) Sludge

Run mg/I mg/I After 1. After 1. After 2. After 1. After 2. ml
No.

1 7.22 0.453 2.47 6.77 - 0.049 - 0.00 - - 500

2 7.22 0.453 2.47 6.70 0.055 - 0.00 - 750
3 7.11 0.396 1.84 6.73 0.048 - 0.20 - 1000
4 7.04 0.409 1.24 6.62 - 0.035 - 0.08 - 800
5 7.13 0.365 3.91 6.74 0.046 0.041 0.00 0.04 950
6 7.15 0.508 9 36 6.64 0.045 0.035 0.04 0.00 900

C-

B~itch~‘unibcr

0initiai

Figure 33. ResultingpH in bucket experiments.Fast s!iriing 40 sec ‘and slow stirring 10
minutes.
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Figure 34. Residualarsenic in bucketexperiments.Faststirring 40 secandslow stirring 10
nunides. - —
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Table20. Theresultsoftwo-buckettestexperiments.Slowstir 10 minutesandfaststir 40 sec.
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Figure 35. Residualiron in bucketexperimentsFaststirring 40 sec andslow stirring 10
minutes
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6. SORPTION ISOTHERMS - - -

6d. Introduction

As mentioned in the literature survey,arsenic removal by coagulation may be described by
sorption isotherms. Normally, there are two modules which are often used to describe
equilibrium concentrationsin a sorption process,Dahi, 1989/. One is the Langrnuir equation:

F.S’ eq.34
‘

Where, f is theequilibrium concentrationofsorbateon thesorbent,mg/g
S is the equilibrium concentration ofsorbatein the water, mg/I
F~is a sorption intensityconstant,I/mg
f is a sorption capacity constant, mg/g -

The other one is the Freundlich equation’

= a.S~”~ eq. 35

Wherea is a sorption capacity constant, j1~.mg~
j3 is a sorption intensity constant -

The Freundlichequationshows that! has no limits exceptfor ~helimits of S contrary to the
Langmuir equationpredicting a maximum! of f. -

- ‘

Based on the experimental results, it’s been investigated to see if there is any correlation
between the concentration of arsenièon iron and,the residual,arsenic~concentration-in’the,

- ‘‘ , — — - _,.~. i,.. ,._~. ~ ~ , .) - - I

aqueouspha~e,and betweentheconcentration of arsenicon aluminium and the residual arsenic
concentration in the aqueousphase. . -

The experimental results from the jar test on 21/10/97. (see Section 5.4) are used.in,the
estimationsin this ch~ter,eventhough the equilibrium may not be reached.

The initial concentration was 0.384 mg/i for arsenic~and 5.4Srn~/1for iron. The add”ed iron
dosageswer& 62, 8 3~’104,~124, 14T5, 16 6, 18 6, 20 7, 22 8 mg/I (the corresponding FeCI3

•6H~~O dosageswere: 30, 40,50, 60, 70, 80, 90, 100, 110 mg/I) The added Al dosageswere:
65, 8.1, 9.7, 11.4, 13.0, 14.6 mg/I (the corresponding A12(S04)3 ~18H2O dosageswere: 80,

100, 120, 140, 160, 180mg/i). - - .~..- -

- ~ . - -
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6.2. Testing of Larigmuir and Freundlich

Figure36 andFigure37 show~theconcentrationof removedarsenicin the flocculatediron,t,
measured as mg As/g iron in the water versus the residual arsenic concentration.The
flocculated iron in Figure 36 is the total iron concentration and the measured f is calculated
as:

As,,,,,,,,— As~)d,,,,!x 1000 - eq. 36

Fe,,,,,,,11-i- Fe~dCJ

in Figure 37, theflocculatediron is only theaddediron Themeasuredfis calculated as’

As,,,,,,,,1— As,.,.,,,,,,, eq. 37
f = x1O1~?f

Fe0,,~d

where, f’ is the equilibriumconcentrationof arsenicon iron, mg/g
ASinitial is the initial arsenic concentration, mg/i
Asi’eszdua/iStheresidualarsemcconcentration,mg/I
Fe117it-ia/ is the initial iron concentration,mg/i
Feaddedis the added iron concentration, mg/I.

Figure 38 shows the concentration of removed arsenic in the flocculated aluminum, ,f’~,

measured as mg As/g Al in the water versus the residual arsenic concentration,For the
measured the calculation is performed as.

— As eq. 38
= ,,,,lhil r ~1,jl,.,1x 1 000 -

where A/addediS the addedaluminium,mg/I

The estimation of the most appropriate constants for the isothermsis doneusing the method
for nonlinear least squaresfit using Microsoft Excel spread sheet The estimationcanbe found
in Appendix I S

The constants from the Langmuir and Freundlichestimatesare listed in Table 21

I

I

Table 21. Estinualeclconstantsin Langmunrand Fecund!icli 1s0112e11n3

F~ -‘-Fe- F~acid~d ~l added

Langniuir

Freundlich
i”~

a
3

21.87

40.96

31.80
3.81

54 40

10.66
94~3

1.86

44.40

15.64
61 43
2.77
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Figure 36. Langinuii- and F’reundlich isotherins estiniafes together ti’itli measuredresults
ba3ed~n the sum ofaddediron and alreadyexistingiron in the is’ater.

Figure137. Langmuir - and Freundlich.isothermsesti~nates~togeth~rwith measured- results
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Figure 38. .L.angmuzr andFreundhch ~sothermsestimatestogetherwith inea.svredresults
basedon theaddedalto the water. -

6.3. Discussion

The estimatedparametersare only valid in the interval where there are measured results.

Beyond this interval, the estimated data or curvesmay only be used as prehrninarv results For
iron, the Freunlich fits the experimental results better than Langmuir On the contrary the

Langrnuir fits better than Freunlich for aluminium But there is no significant difference

between these two estimations. Both Langmuir and Freundlich isotherms sho~good a
con-elationwith the measuredresults

6.4. Designon Dosageof Chemicals

The amount of aluminium or iron required for obtaining a given residual arsenic concentration
in the treated water can be estimated from the Freundlich or Langmuir isotherrns as follows

(AS,~J~Q,— ASr~yj~.,
0j - - eq. 39

~1•

where, A is the amount of added aluminium or iron, g

J’is the volume of treated water, 1 -

/ is the equilibrium concentrationof arsenicon i-ron or aluminium estimated according

to Freundlichor Langmuirisothermns,mglg

- ~-~-—- ~ - - ~
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As~17~,~~iis the initial arsenicconcentration, mg/i
Asresjdualis the residual arsenic concentration, mg/i

It should be emphasisedthat the estimation is only valid in the interval where there are
measurementresults.
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7. CONCLUSIONS

No clea~correlation is found between the concentration of arsenic
and the concentration of iron in raw groundwater abstracted for

drinking in the Noakhali area in Bangladesh. However, it is
concludedthat when arsenic is present, iron is likely to be present.

Measurementof arsenicusing theMERCK field testkit is concluded
to bit the right value as estimated spectrophotometricallyin the
laboratoty,at a significant level of 5 %. However, the variation may

be considerable.

The arsenicconcentrationof raw water containing iron is found
decreaseslightly, when the water is storedin a bucket.The decrease
is found to be insignificant asa treatmentmethod.

The iron removal in the Noakhali IRUs is accompaniedby removal
of arsenic, on an average about 65 %. A linear correlation is derived

betweenthe arsenic removal and the iron concentration in the raw

water. The better is the iron removal, the higher is the arsenic
removal

The arsenic removing process in the iron and alum flocculation in
householdbuckets is very fast. taking place within th~first - few
iii mutesof the experiments.

Longer duration of the secondaryslow stirring, results in better
removal.On (lie contrary, prolongation of the initial faststir resultsin
deterioratedremoval.

Ferric chloride is more efficient than alum in removing arsenic from
waler, even on molar basis. On simple weigh basis, FeCI3 ~6H2Ois
about doublet as effective as Al,(S04)3 l8H2O. The use of 90 mg
ferric chloride/i and 200 mg alumJl are foundsufficient to reduce the
arsenic concentration from about 0.4 to 0.05 mg/I.

For iron, the Freunlich fits the experimental results better than

Langmuir On the contrary the Langmuir fits better than Freundlich
for aluininiuni. But there is no significant differencebetweenthese
two estimations. Both Langmuir and Freundlich isotherms show
good a correlationwith themeasuredresults.

The amount of ferric chloride or alum required in order to obtain a
given residualarseniccan be estimatede. g. using the Freundlich
isothermsasin theequation: -

Parameter
Correlation

As analysis

StorageofAs
Water

As removal in
(lie JRU

As removal in
(lie Fe and

A 111171 Process

Sorption
Iso (ii ernis

Sorptioiz
Modeling

Required
Mixing

Required
Dosage

7]
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A (ASWI,,(~!— ~ . V
a~As ~rrclduol

a and13 are estimatedto be 95 and2 for ferric chloride and 61 and 3
for alum respectively,wherearsenicis given in mgIl and the dosage
is given in g per V litres

Lower pH is obtainedin higher iron andalum dosage The resulting
pH, however,lies between6.5 to 7, indicating that no readjustmentof
thepH is required.

EndpH

The iron chloride and alum flocculation in batch are both able to
remove the genuine iron contents of the ground water down to
acceptablelevels,below respectivelyI and0.2 mg/i

The resultedsludgeis lessthan 1 liter. With 15 liters raw water in
total, theyield is higher than90%.

The rice husk method is able to removearsenicfrom about0 4 mg/I
down to levelsbelow 0.01 mg/k

The method howeverresults in sludge having poor settling abili-ty
andthusquit an unpleasantappearance

Combination of the i-ice husk with more alum or ferric chloride
resultsin better sludgesettlementand hencebetter appearanceof the
treatedwaler.

The residualarsenicconcentrations,which is already low in the nce
huskmethodareevenlower in the combinedmethod,oftenbelowthe
deiection level

Resi~ualFe

RiceHusk
Methodof
UNICEF

Rice hush+

Fe/Al V

Produced
Sludge

I



8. EXPERIENCES OF FIELD WORK IN BANGLADESH

According to the plan, I was leaving for Bangladeshat the beginning of Augustand coming
back to Denmarkat thebeginningofNovember.

I arrived in Bangladeshon 5 August 1997. The culture, religion, mentality etc. are totally
different from what I had known. I first found out that transportationwas very difficult and
slow with no doubt. And later I also found out that transportation was very inconvenientas
~velliememberingI am a female. In Bangladesh,awoman is not supposedto go out alone on
the street in the evening time (say after 6:00 pm) So, you cannot work over in the lab in the
eveningtime. The traffic in Dhakais not very efficient. There is very often traffic jam. No
body will be surprisedif you don’t showup on time.

As one comesfrom Denmark,you mayalwaysfeel “taxi” is very cheap in Bangladesh,which

soon becamemy major transportationtool. But there are a lot of political activities in
Bangladesh, which areoftenannouncedby manystrikes.Nothing is so efficient as a strikein

Bangladesh.Wheneverthereis a strike, no one is supposedto go to the street.You’d better
stay homefor the safetyof your life, thoughyou haveplenty of work waiting for you in the
laboratory

International transportationwas not easy either. Some chemicalspurchasedin Denmark

airived in Dhaka two weeks after I did. But the sodium borohydride, the most essential
chemicalswas too dangerousto be transportedby a flight I was told that thechemicalswas to

he transportedto Singapoieby ship and from there it could be transported to Dhaka by plane.
Until one and a half month later, that chemicalswas still on theway.

This project is a collaboration betweenDTU and DPHE-Danida Urban Water and Sanitation
Project(U WASP). I wassupposedto usea laboratorywhich was to be built by UWASP in
Noakhali. They have tried very hard to makea 10 m2 room to a laboratory, but due to many

reasonsthe laboratory wasn’t completeduntil 8 October 1997, which was more than two

nlontl]s after I arrived in Bangladesh,or by then I had less than onemonthleft before I came
backto Denmark

Before the laboratory in Noakhali could be usedI startedpreparingthe experimentat BUET
by the end of August 1997. You need many different keysto open all the doorsyou needto
get in to the laboratory, but you’ll never get all the keys. Any way, I got two tablesat the
corner and I may use the balance,jar test apparatusand limited distilled water. Everything
ciscshould be purchasedor foundby myself.

If you want to buy some chemicalsor equipment,you can not just do that over telephone.

First of all it is not easyto get the line through to the personyou want to talk with. Secondly

you mayget something you didn’t order. So, you’d b~ttergo to thecompany by yourself But

it niay takemuchlonger timethanyou expectedto buy evenonesmall thing.
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Bangladeshis a disaster country, flood, cyclone, storm arenot anythingunusual.If you want
to do somefield work, it’s betternot do that in the rain season,which is from Juneto August.

Bangladeshis oneof thepoorestcountriesin the world. You canbuy many things there,bui
the quality is not asgoodasin Denmark.It is betterto getpreparedas thoroughly as possible~
at home. -

Mu~limis the nationalreligion of thecountry and the society is very classified.Power,money

andstatusarevery important.

If youarea woman,youshouldbepreparedto be treateddifferently.

I
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Appendix 1: Concentration of Arsenic and Iron in IRU-13

Thisappendix showsthe concentrationof arsenicand iron in the tube well of !RU-13 atdifferent time and;

the change of the concentrationduring storagein a bucket

Note: NA means the sample was not aciiified by HC!.~:~
.5,

II

-~

~.08/09t97

r U

‘~

~
~

Sampleddate
On site

.

In lab Measured
Date

-

Arsenic .~

Concentration (mg/I)
Before IRU After IRU

- -

~:
‘~

NaBH4
added

ml

,‘~‘

- Measured
Date

21/09/97

Iron .

Concentration (rn~/L)
Before IRU After IRI

679 -

0.390
0.438
0.478

0.194

0.216

15

15

25

.245T•~

12/10/97

19/10/97
26/10/97

19/10/97
19/10/97
24/10/97

30/10/97

30/10/97

30/10/97

30/10/97
28/10/97

/

06/10197

~O9/10/97
20/10/97(8:00)

.

-

-

20/10/97 (8:00)
20/10/97(13:00)

0.316

0.481
0.422
0.391

.

, -

-

-

-

-‘

25 (NA)
25’
25

25

25/10/97

-

- .

25/10/97

“

7.01

-
-

6.49

624

- . - 21/10/97(11:00) 0.389 - 25 “ 4.69
.-~ 21/10/97 (16.30) 0.380 - 25 “ 628

22/10/97(18:0~))

23/10/97(21:00)
24/10/97 (19:00)
26/10197 (19:00)
28/10/97(19:00)
29/10/97(17:30)

0.384

0.271
0.364
0284
0.365
0.328

-

-

-

-

.

-

25
25

25

- 25
25
25

-

-

..

30/10/97
30/10/97
30/10/97

-. .

765
0.00

000
0.08
0.00
0.12

27/10/97 (8~30)

27/10/97(17:30)

27/10/97 (&30)

27/10/97 (8:30)
27/10/97 (13:30)
27/10/97(17.30)

“

“

‘

0.542

0.461
0.432
0.454

0.569

-

-

-

0.138

25

25 (NA)
25

25

25

30/10/97

30/10/97
30/10/97

30/10/97 .

30/10/97

6.85

1223
4.94

2.71
7.33 1.75
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Appendix 2: Hardness

Ca
Standardsolutions
ppm Abs
0.5 0 005

1 0.013
2.5 0 042

5 0.087
7.5 0.198

slope 0.026
Ir~trcept -0.018
~Jtorrel 0.976

C)
ci

C)

C

Standard Curve for Catcium
Measurement

4

________________________ Lir,ear (Seriesi)

0.2

:~
1L

Ca concentration Lppm)

Samples Abs ~iIuted conc.
ppm
2.6
2.7
2.6

1 0050
2 0.052
3 0.050

ppm
51.5

53.1
51.5

Real conc
mneq/l

2.6
2.7
2.6

mg CaCO3II
128.9
132.7
128.9

Mg
Standard solutions
ppm Abs
005 0.057
01 0.118

0.25 0 287
0 5 0.561
0.75 0 804

slope 1.062
Intercept 0.017
Correl 1.000

Standard Curve for Magnesium
Measurement

C) __________ ________
U
C

• Series~
� 0.5

~Linear (Serlesi) I -

<ot<:i________
Mg concentration lppm)

Samples Abs diluted conc. Real conc
ppm ppm meqll mg CaCO~/l

1 0726 0.668 133.5 11,1 555.4
2 0.71 0653 130.5 109 543.9
3 0711 0.654 1307 10.9 544.7

‘Total Hardness
meq/l mg CaCD3II

1 137 685.3
2 13.5 676.6
3 13.5 673.5

Average 14 678

I
I



Appendix 3: Arsenic Standard Curves

This appendix showsthemeasurementof standardcurveson different day.

Conc. 07/09/97 ~ ‘07109197. . 29/09197
-. - 1st . . 2nd -- 3rd,~. ~Average -

mg/I Abs Abs .. A~s~ Abs Abs
- 0 0 0 . ~c~1~’i 0.000 - 0.011

- 0.01 0.002 0.002 - - . 0.002. 0023
0.05 0.052 0.053 0.025 -- 0.043 0.082

- 0.1 . 0.094 0,1 . , 0.107~-- 0.100 0.147
0.25 - - . - . 0.436

~Q3 - ri~ 0318 0.295~’0.307~
Slope 0.984 , ~s 1.071 -~‘I 1.010,~ 1.038) r-~ 1.705

~ I~itércept -0.002 -0.004 -0.007.~ -0.005 0.000
t ‘Corr. 0.995 1.000 - 0.995~ 1.000 0.997

~ i,~-1~
;~-: ~fll.J.j2

C - .. ~08/10/97 .., .Q
9/lO/97~, 10/10/97 i11’~0197 12110/97 Average St. 0ev

‘~ !-~~ ~ ~. 08 — 12109 08 —12109
I pg~& mg/i ~ Abs Abs ~ Abs -,~ Abs Abs Abs Abs

~ ~0 - 0.000 0.021 .. 0.021,~., 0014 0.020 0.013 0.018 0.004
0.014 . - I .;.j. 0.Q37~~ 0.030 0.034 0.025 0.032 0.005

~ 5 ‘ 0.071’ 0.083 0.079~ ‘ 0.064 0.065 0.119 0.082 0.0220.143 ‘. 0.157’ I. 0.157~, 0.141 0.149 0.204 0.162 0.025

~ 0.286 0.327~~0.292ç~.. 0.24t. , 0.245 0.223 0.266 0.043

tISIOPeIt - ‘ 1.082 ~- i O.951j~~ 0.80t 0.802 0.765 0.880 0.134
Int~~pt ‘ 0.012 ‘~‘~‘ 0.019~t~.. 0.016, ~i- 0.020 0.038 0021 0.010

0.998 - 0.999?�~ 0.997 0.995 0.914 0.981 0.037

C

I

rn rn —

-- i. -

~

I.

I
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- . ‘Arsenic Standard Curves

Li I
f ~

Conc. - 18/10ii997(a)18/1O/1997~b)18/10/1997(C18/10/1997(d) 19/10/97 19/1U/9723/10/1997(a)23/10/1997(b
1st 2nd Average 1st 2nd

pg mg/I Abs Abs Abs Abs Abs Abs Abs Abs Abs
0 0.000 0023 0.019 0019 0016 0.023 - 0.023 0011 0,011
1 0.014 0038 0043 0.039 0041 0049 0035 0.042. 0035 0029
5 0.071 0.135 0107 0.127 0111 0.1~7 - 0137~’k 0114 009

10 0.143 0 269 0 218 0.217 0.229 0.272 - 0 272 0.19 0.211
20 0.286 0 505 0 449 0.439 0.444 0 456 0 516 0 486 0 509 0 445

Slope - 1.710 1 500 1.461 1 498 1.529 1 772 , 1 641 1 705 1.530
Intercept 0018 0013 0018 0.014 0030 0.010 0.023 -0004 0000

- Corr. 1.000 0.998 0999 0.999 0997 1.000 0999 0.989 -— 0997

Conc. 24/10/97 — 26/10/97 — 26/10/97 28/10/97 28/10197 30/10/97 Average St. 0ev
1st 2nd Average 1st 2nd Average 18—3D/ID 18—3D/b

~ig mgf( Abs Abs Abs Abs Abs Abs Abs Abs Abs Abs
0 0.000 0.016 0.015 - 0.015 0.011 - 0.011 0.027 0017 ‘0.005
1 0.014 0.035 0.049 - 0.049 0.027 - 0.027 0 026 0037 0.007
5 0.071 0.111 0.132 - 0.132 0.118 - OilB 0.114 0118 0014

10 0.143 0.247 0.229 0241 0.235 0.208 0.202 0205 0269 0233 0028

20 0.286 0541 0.519 0413 0466 0402 0453 04275 0509 0475 0.037

Slope 1.847 1.727 1.204 1.553 1.370 1.757 1.453 1.748 1 604 0.133
Intercept 0.000 0.011 0.069 0.020 0012 -0049 0008 0009 0011 0009

Corr. 0.997 0.996 - 1.000 - 1.000 1.000 1.000 — 0.999 0997 0 998 — 0003
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Arsenic Concentration in different IRU in Noakhali

1. Sampleswerecollectedon 8-11/09/97.
2. All of the sampleswere preservedusing HCI (lmllI).

3. 25 ml of NaBH4 solubonwe~eused.
4. Beforemeasuringarsenic,the sampleswere added2 ml HCI again

Measuredon 26/10/97

~Name Precipitate Abs Vsample Total As (mg/I)
Raw Treated Raw Treated ml Raw Treated

IRU-1 - 0 058 - 20 0.086 -

IRU-2 no 0.168 0.025 0 334 0012
IRU-3 * - 0.038 - 0041 -

IRU-5 * no 0.128 0.092~ 20/35 0.244 0.093

IRU-6 no 0 053 0.024 35 0 043 0 006

IRU-7 * - 0141 0049 35 0.156 0038
!RU-9 * - 0 326 - 70 0.197 -

IRU-10 * no 0.502 0.070 0.311 0.032
IRU-12 no no 0 024 0.009 0.003 0.000
IRU-13 0.762 0 355 0.47,8 0.216
IRU-14 no * 0.311 0,24~ 0.188 0.145
IRU-15 • no 0.130 0 035 0.071 0.010
IRU-16 * 0.960 0.502 , 0.605 0.311
IRU-24 0.203 0.178 0 118 0.102
IRU-25 no 0.048 0.032 0.018 0.008
IRU-26 0.358 ~ 0.276 0.218 0.165
IRU-30 no 0.240 ‘~.030 0.142 0.007

IRU-34 0.530 0.172 0.329 0.098
IRU-35 0.142 0.069 U 0.079 0.032
IRU-36 no 0.496 0 290 ‘~ 0.307 0.174
IRU-39.. no no 0,199 0.08.8 U 0.115 0.044
IRU-40 no 0.108 0.033 U 0 057 0.009

StandardSolution on 26/10/97
Conc. Abs

mg/I 1st 2nd Average
0 0.000 0015 - 0.015
1 0.014 0 049 - 0.049
5 0.071 0.132 - 0.132

10 0.143 0.229 0.241 0.235
20 0,286 0.519 0.413 0.466

Slope 1.727 1.553
Intercept 0 011 0.020

Corr. 0 996 1.000
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Arsenic Concentration in different IRU in Noakhali

Overview of the Total Arsenic in Different IRUs Measured on Different time

Name Total
Raw

As
Treated Raw

11-12/10/97

Treated
Measuredon

Raw
26/10/97

Treated
IRU-1 0 086 - IRU-1 0.070 - IRU-1 0.086 -

IRU-2 0 334 0 012 IRU-2 0.323 0 026 IRU-2 0,~34 0 012 -

IRU-3 0011 - IRU-3 0003 - IRU-3 0.041 -

IRU-4 0 142 - JRU—4 0 142 -

IRU-5 0 244 0 093 IR(J-5 0 250 0.056 IRU.5 0 244 0.093

IRU-6 0 013 0 006 IRU-6 0 097 0 022 IRU-6 0.043 0 006
JRU-7 0 156 0 038 IRU-7 0207 0093 IRU-7 0.156 0 038

JRU-0 0 092 - IRU-8 0.092 -

IRU-9 0 197 - IRU-9 0.276 - IRU-9 0 19?
-

IRU-lO 0 311 0 032 IRU-ltJ 0.245 0042 IRU-lO 0.311 0 032
IRU-lI 0 133 - IRU-lI 0.133 -

IRU-12 0003 0 000 IRU-12 0.000 0 002 IRU-12 0 003 0 000
IRU-13 0478 0216 IRU-13 0390 0194 IRU-13 0478 0216
IRU-14 0188 0145 IRU-14 0141 0200 IRU-14 0188 0.145
IRU-15 0071 0.010 IRU-15 0.078 0013 IRU-15 0071 0 010
IRU-16 0 605 0.311 IRU-16 0 279 - IRIJ-16 0 605 0,311
IRU-24 0 1113 0.102 IRU-24 0.118 0.102
IRtJ-25 0 010 0 000 IRU-25 0,018 0,008
IRU-26 0210 0165 IRU-26 0.218 0.165
IRU-30 0 142 0.007 1RU-30 0.142 0.007 I

IRU-34 0 329 0 098 IRU-34 0,329 0,098
IRU-~5 0 079 0 032 IRU-35 0.079 0,032
IRU-36 ft307 0 174 IRU-36 0.307 0.174
1R1J-39 0115 0014 IRU-39 0.115 0044
IRU-40 0 057 0 009 1RU-40 - 0 057 0.009
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Appendix 5: Arsenic Concentration in different IRUs in Noakhali

1. Sampleswerecollctedon 8-11/09/97.
2. ALl of the sampleswerepreservedusing HCL (1ml~).
3. 15 ml ofNaBH4 solutionwereused.

Measured on 11/10/97 and 12110197

StandardSolutions
Conc. 11/10/97 12/10/97

mg/i Abs

0 0.000 0.020 0.013
1 0.014 0.034 0.025

5 0 071 0.065 0.119
10 0.143 0.149 0~204
20 0.286 0.245

Slope 0.802 1.373

Intercept 0.020 0.012
Corr. 0995 0.997

Name Date Absorberice Arsenic Concentration (mg/I) Ratio
Measured Raw Treated Raw Treated Total As Raw Water

R T As(IIl) As(V) AsQII) As(V) As(I!l) As(V) As(IIl) As(V) Raw Treated As(lli)/As(V)
IRU-1 12/10/97 - 0.013 0.107 - - 0 001 0.069 - - 0 070 - 0.0

IRU-2 11/10/97 11/10/97 0.064 0,235 0.025 0.036 0.055 0.268 0.006 0 020 0.323 0,026 0.2
!RU-3 12/10/97 - 0.011 0.016 - - 0.000 0.003 - I - 0003 - 0.0
IRU-4 12/10197 - 0.014 0.205 - - 0.002 0.141 - - 0.142 - 0.0

IRU.5 11/10/97 11/10/97 0.035 0.206 0.p31 0.054 0.019 0.232 0.014 0.042 0.250 0.056 0.1
IRU-6 11/10/97 12/10/97 0.004 0.098 0.012 0.042 0.000 0.097 0.000 0.022 0.097 0.022 0.0
IRU-7 11/10/97 11/10I97 0.013 0.186 0.010 0.095 0.000 0.207 0 000 0.093 0 207 0 093 0.0
IRU-8 12110/97 - 0.037 0.113 - - 0.018 0074 - - 0.092 - 0.2

IRU-9 12110/97 - 0.016 0.386 - - 0.003 0.273. - -, 0 276 - 0.0

IRU-lO 11110/97 11/10/97 0.043 0.194 0.014 0.054 0.029 0.217 0.000 0.042 0.245 0042 0.1
IRU-lI 12/10/97 - 0.015 0.191 - - 0.002 0.131 - - 0.133 - 0 0
IRU-12 11/10197 12110/97 0.008 0.014 0.008 0.014 0.000 0.000 0.000 0.002 0.000 0.002 -

IRU-13 12110(97 12110/97 0.447 0.112 0.018 0.272 0.317 0.073 0.005 0190 0.390 0.194 4.3
IRU-14 12110/97 12/10/97 0.141 0.076 0.014 0.284 0.094 0.047 0.002 198 0.141 0200 2.0
IRU-15 12110197 12110/97 0.051 0 080 0.009 0.03 0.029 0.050 0.000 0~13 0.078 0.013 0.6
IRU-16 12110/97 - 0.015 0.392 - - 0.002 0.277 - - 0.279 - 0.0
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~—“Apperidix 4: As and.FeConcentrations in SomeI’ndividua~PI~c~.~,

r~. ~ ~—rc~(~~) C~ ~ .-~ ~

- ~ ~:-~- -- - ~ —
— - -- - ... - .- .--- . — ~ . -. r, - . ~ ~.‘fC. ~

Thisappendix shows •concentrationof arseni~a~diron f~ori~someinbividual plac~s~
~nd4 deeptube wells, OTW 1-4.

Note:~_ . -.

1) (S) denotessamphng,CM) denotesmeasunng--
(R) denotesraw water,(T) denotestreatedwater.

2) $ample~werepreservedusing HCI (1 ml!!).

I
I
I

- Arsenic . ~ron(M.on.23/09!
Sani’pling Point - Date (S)~-Date (M) ZAbs - T~taiAs~- Abs~ -, Tot3l F~

- ~ --. >. - . ,- - . mg/I ‘ mgil-..

Nillers house 18/08 07/09 0.113 0.114 0.021 0.58
Danida Guesthouse 19/08 07109. 0:167 0 166 - 0.025 0.74-~.- ~‘—Q ‘ .

Makllr~Fern! 19/08-~-’ 07/09Z~ ~0..281 0.276 0.070 2.57-’
Dutal Master Bar! (R) 18/08 07/09 0.216 0.213 0.138 - 5.331
D~itaIMaster B~riCT) ,18J08 07/09~ 0.186 ~-. 0.184 0.076 .~ 2.81
Kata Miah Bahi (R) 18108 -. 07/09-- 0:256 0.252 0 300 . 11 90’~

Ka~aMiah Bahi (1) 18108 07709 0.056 0.059 0.006 - 0 05~
01W-I 18/08 10/10 0.012 0.000 0.057 2.04~

- OTW-2- 18106. - 10/10 0.014’ 0.000 0.068 249~
OTW-3 - 18/DB i0/10— 0013 0000 0067 245~
0TW-4~ - 18/08 10/10 0.016 0.000 0.074 273

As Standard Curveon 07/09/97
Conc. Slope inter.
mg!I Abs

o o.ooo 1.038 -0.005
0.01 0.002 .

0.05 0.043
0.1 0.100 ,
0.3 0.307

- ArsenicStandard Curve on 07/09/97

0.350 -
0.300

III
- 0 0.05 0.1 0.15 0.2 0.25 0 3

- - Ar~enIc~Concentration[mg!I]

I
p
I
I
I

I

~ ~
- ~ - .~. ~ ~. -~



Appe?~jjx6: Iron Concentration in different IRUs, Noakhali

1) Sampleswerecollectedon 8-11/9/97,andmeasuredon 21/9/97.

Absorbence Fe concentration(rngJi)~
No. Name RawWater TreatedWat RawWater reatedWater

I RU - CHA - 0 0.909 0.293 36.60 11.61

2 RU - CHA -0 0.380 0.007 15.14 0.01
3 RU - CHA - 0 0 300 0.008 11 90 0.05
4 RU - CHA - 0 0.394 - 15 71 -

5 RU - CHA - 0 0 250 0.067 9.87 2.45
6 RU - CHA - 0 0.359 0.028 14.29 0.87
7 RU - CHA - 0 0.216 0.063 8.49 2.28
8 RU - CHA -0 0.149 - 5.77 -

9 RU - CHA - 0 0.701 - 28.17 -

10 RU - CHA -1 0.278 0.019 11 01 0.50
11 RU-CHA-1 0.155 . - 6.02 -

12 RU - CHA - 1 0 558 0.015 22.36 0.34
13 RU - CHA -1 0.174 0.067 6.79 2.45
14 RU-CHA-1 0297 0128 11.78 4.92
15 RU - CHA - 1 0.262 0 017 10.36 0.42
16 RU - LAK - 1 0.282 0.074 11.17 2.73
17 RU-LAK-1 - - - -

18 RU - LAK -1 0.330 - 13.12 -

19 RU-LAK-1 0.307 - 1218 -

20 RU - LAK - 2 0.153 - 5.94 -

21 RU - LAK -2 0.349 - 13.89 -

22 RU-LAK-2 - - - -

23 RU-LAK-2 - - - -

24 RU - LAK -2 0.316 0.019 12.55 0.50
25 RU - LAK -2 0.310 0.004 12.30 0.00
26 RU - LAK - 2 0.080 0 057 2 97 2.04
27 RU - LAK -2 0.385 0.050 15.35 1.76
28 RU-LAK-2 - - - -

29 RU - LAK - 2 0.128 - 4.92
30 RU - I_AK - 3 0.584 0.003 23.42 0.00
31 RU-LAK-3 - - - -

32 RU - LAK - 3 0.227 - 8.94 -

33 RU - LAK - 3 0.400 - 15.96 -

34 RU -LAK-3 0.525 0.156 21.03 6.06
35 RU - LAK -3 0.260 0.063 10.28 2.28
36 RU - LAK - 3 0 205 0.052 8.05 1.84
37 RU - LAK - 3 0.238 - 9.38 -

38 RU-LAK-3 0814 - 32.75 -

39 RU - LAK -3 0.334 0.085 13.28 3.18
40 RU - I_AK -4 0.131 0.010 5.04 0.13



iron Standard Solutions on 21/09197.
No~ ~~tTConc T~— ABS—’TrSlope~’-~”inter‘‘ Corr

~ ~mgIl - ~ ~..

I -----~--.-c=o==-=~-0’~ 0002~-~ 0.001~”~‘-~0.007~0.9997
2 - 10’- 02 0.014 -

3 20 0.4 0027

4cK 30~.._ _0.6 ~0.041

Cr r5c~f’ 1 ~ ~Qp6B& & ~-t. i
6’ -‘ “ -~ S7

0-~”C 1.4 0.095
7. ttlDO 2 0.133
B ~ 3005 6~ 0397 —

9 - ~-.. 500’ 10 0.621 . -:
10’ ~- 800 16 - 0.986

I
I
I
I
I
I
I
I
IT

I
-. ~

— r’~ ‘- -r

itsktJ”n14 .~IJWtp ~c~~ib.nJ pr;i#~ r- ~ :~~-‘c~r’\ - -

Iron Concentration indifferent IRUs,:Noakhali

- -

This standardcalibrationwasusedfor calculatingthe iron concnetrationin different IRUs.

-~

~1

I
;~ it. I

Iron StandardCurve on 21/09/97

0.6a,
~ 0.6

04-

0.2 -

0
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Appendix 7: Arsenic Analysis of Jar Test Samples

Note: -

(M) denotesmeasured,(S) denotessampled

Arsenic Standard Solutions
Conc. Abs

mg/I 08/10/97 09/10/97 10/10/97
0 0.000 0.021 0.021 0.014 -

I “t’. 0.014 - 0.037 0.030
5 0.071 0.083 0.079 0 064

10 0.143 0157 0.157 0.141
- 20 0,286 0 327 0.292 0.241

-Slope 1.082 0.951 0.801
Intercept 0.012 0.019 0.016

Corr. - -- 0 998 0 999 - 0.997 -

Date (5) - -— Date(M) Dosage ABS Conc.
mg/I mg/I

Runi, Alum
28/09/97 09/10/97 10 0.301 0.296

20 0.309 0.305
30 0.223 0214
40 0.225 0216
50 0.227 0.218
60 0.179 0.168

- Run2, Alum
28/09/97 08/10/97 70 0.117 0.097

80 0.105 0.086
90 0 075 0.058
100 0.074 0.058
110 0.070 0.054
120 0.052 0.037

Run 3, Ferrlc Chloride
28/09/97 09/10/97 10 0.239 0.231

20 0.197 0.187
30 0.079 0.063
40 0.049 0.031
50 0.055 0.037
60 0.070 0.053



Run 4, Ferric Chloride -

28109/97 09/10/97 70 0.038 0.020
-v..-~’,~_~-- ~ 80 -~ - 0.029 —~- - - 0.010

~ 90 ~ 0.026 0.007
- -100 0.021 0.002

~0 019~. ~0 ~
- -i2bt 0019 - 0000 - --

,
- .1

- Run-1,RiceHusk~—-—---—.—---.~ -‘ ._~. -
—. -~ . - ‘T~~’ - -

29/09/97 - ~ 09/10/97’ 0.6’ 0.031 0.012
l.2 0.046 0.028~

-- — , - - -
- ———.. —. - -- ~-.

- -. 2.4 0.040 0.022
3.0 - 0.018 - 0.000 -

3.6 0.025 0.006

.~.—;i;

Run 2, Rice Husk
29/09/97 09/10/97 0.7 0.020 0.001

0.7 0.018 0.000
07 0019 0.000
0.7 0.018 0.000
07 0.017 0.000
0.7 0.013 0000

20 0.038 0.020
30 0.030 0.011
40 0 022 0.003
50 0011 0

Run 2, Alum
14./09/97 10/10/97 5 0.399 0.479

10 0.390 0468
20 . 0.242 0.253
30 , 0.246 0.258
40 0.231 0269

. - .

50 0.204 0.235 -

5 0.350 0.348
10 0.411 0.412

—,~ - -.-- ,~.-. - - -.--~--.---~----,.--- -~-

-- ~

~~1ii~oiTJar Test S m~ples J

‘l

I

I
I

Run 1, Alum
I 4./09/97 09/10/97

I..- - -

---.-.~‘

--



Arsenic Analysis of Jar Test Sam p~es

-- - Run ~AIum -

14/09/97 10/10/97 5 0.152 0.341

10 0165 0.373

20 0.094 0,196
30 0.092 0.191

40 0.060 0.111

50 0.189 - 0217

Run 1, Alum
24/09/97 09/10/97 10 0.135 0.122

20 0.219 0.210
30 0.164 0.152
40 0.245 0237
50 0219 0.210

- 24/09 10/10 60 0.112 0.120

Run 2, Ferrlc Chloride
24/09/97 10/10/97 10 0.169 0.192

20 0.081 0.082

30 0.066 0.063 -

40 0 032 0.020

50 0.040 0.030
60 0.064 0.060-—

Run 3, Aliun
24/09/97 10/10/97 10 0.310 0.368

20 0.272 0.320

.&~

30
40

0.149
0,138

0.167
0,153

50 0.182 0.208
60 0143 0.159



,-~-~-- ----.- ~_t-., ~~v_’_~__~

~fJarTest ortl4[ ~1(AIum
~ r~ iv~’~ ~ .~-

~ i~cui~:-~~

1) 1 litersampleIn eachbeaker.- 9) NaCIO solution contains 5.25% chlorine.
2) 2 mm mbdng with NaCIO at 100 RPM
3) 3 mm mbdng with’Alum~at100RPM - - - - -

4)Then 5 mm slowly stir at25 RPM.
5) ~ -...—.—--- -- - - - . -

6) There was ca. 14-18ml sludge. - - - - - -
7) Al2(SO4)~.i6H2O.(molecularweightis 630 g) -~ - -

8) Rawwat~i~rasfetchedor~9/9/97,the arsenicconcentrationis about0.478 mg/i.
~ r..~ ~t~oo ,:-

~
Date:14/O.9/07’ - 5mg/7of NaCIO added (5 ml of I mg/miNaCIO solution)

- ~,,:~0~348- small -

- 0020 - small -

-~ -- 2 - -—~-0O1~--- large - --

:. 2 - 0.003 large -
- - 1 0.000 large -

—--..-.-—.---—---. — .—“—-—.

added (1 ml of 5.25% NaCIO solution)

Set.time Residual Floc As removal
Total As Efficiency

h mg/I 0/

- 0 479 small 0
- 0.468 small 2
- 0.283 small 41
2 0.288 large 40
2 0.269 large 44
1 0.235 large 51

added (I ml of 5.25% NaC/O solution)

Set. time Residual Floc As removal
Total As Efficiency

h mg/I
- 0.341 small 29
- 0.373 small 22
- 0.196 small 59

- 2 0.191 large 60
-~ ~2 0.111 ~ large 77

1 0.217 large 55 I

•~,:~:‘~-;

i.-~run-(sampled-afthr18 hours) ~ - --- - — -. - --- -

L -- ~~ec-~i~p - - - - - -

~Beaker~.~7 Dosage ~ pH ~- Set.time Residual Floc As removal
- AIum ~ Al - - Total As Efficiency

No. mci/I mmol/1 Initial Final h mWl

--Wi]

iii

I

p
I
I
I



ResidualArsenic ConcentrationVersus the Dosageof Al

0.500

0.450
6
~ 0.400
0

0.350

0300

r 0250

2 0200
aJvi
:i~ 0.150

0.100

0050

0.000
0.00

Al Dosage [mrnol/IJ

~— . +

ResultingpH Versusthedosageof Al

a -

——--Runl, Aluni14/9
—-—Run2.AJum,1419

U”~

7—--
0.00

—~——Run3,Alum, 14/9

-

~-

0.05
-

0.10 0.15

Al Dosage (mrnoul]

—

0.20

005 0.10 0.15 0.20



~pe-ndix9: F~

1)1 liter sample In eachbeaker.. ~‘ ~ ~ ~- - -~ -.--- -.-~ ~—- -~---~-.-- ~ -

2) 2 mm mbdng with bleaching powder at 100 RPM
3) 3 minsnb~ngwith added chemicalsatiooRPM. -- - -

4) Then 5 mm slowly stir at 25 RPM. -- — -- - - -

5) Sedimentationtime is 1 hour, the yield Is about 960 ml.
6) Thereis Ca. 10% of chlorinein the bleaching powder. - - =

7) Samplesarepresed.. ~-~- - -- -

8) A12(S04)3 16H20; ,FeCI3 6H20~ - : - -

9) Raw ~t~F asf~i~ñi~don9/9L9L....—--’~ - - —- -‘---—-c.~
10) The irütial arsenic concentiF~iionis 0.478 xBD% 0.38mg/I.

- - --

Chlorine dosage is 100 mg (1 g of Bø~wasadded in solid form).

-—---.1.-— — -—-------~ —- -

Date;24109/97

J

p
p
p
p
1
I
1

1.run~AIumadded) --

Beaker - - Dosage ~ ~-- pH Residual As removal
.--—-—- ~—- -~------~- —- -.- -- --—“-Alum .. - Al Total As ,,Efficrency

No. mg/I mmol/I - mg/I -- Initial Residual - - mg/I ‘ -

1 10 0.03 0.86~i.-~~-7.29 - 7.98 0.122 68
-20-- ..0.06~__-_1.71 --.-~7.93 45 -

3 30 0 10 2.57 “ 8.05 - 0.152 60
4 40 0.13 . 3.43 “ 7.99 0.237 38
5 ~~50’ 0.16’~~4.29 8.08 - 0.210 - 45

6 60 0.19 5.14 7 75 0 120 69

Date:24/09/97 Chlorine dosage is 0.5 mg (5 ml of 1 gil Bleaching Powder added)

2. run (Ferric Chloride acidecf~ -~

Beaker Dosage pH Residual As removal
F. C. Fe - Total As Efficiency

No. mgIl mmol/l mg/I Initial Residual mg/I
1 10 0.04 - - 2.07 7.29 7.36 0.192 50
2 20 0.07 4.14 “ 7.27 0.082 79
3 30 0.11 6.21 ‘ 7.31 0.063 84
4 40 - 0.15 8.28 ‘ 7.21 0.020 95
5 50 0.18 10.35 “ 7.22 0.030 92
6 60 022 1242 ‘ 7 19 0.060 84

Date:24/09/07 Chlorine dosage is 0,5 mg (5 ml of 1 gil Bleaching Powder added)

3. run (Alum added)
Beaker Dosage pH Residual As removal

Alum Al Total As Efficiency
No. mg/I mmol/I mg/i Initial Residual mg/I

1 10 0.03 0 86 -- 7.29 7.38 0.368 4 -

2 20 0.06 1.71 7A3 0.320 16
3 30 0.10 2.57 7.38 0.167 56
4 40 013 343 7.33’ 0.153 - 60

50 0.16 429 “ 7.29 - 0208 46
6 60 0.19 5.14 - 727... - ._. 0.159k - 58



ResidualArsenicConicntrationVersustheDosageof Al/Fe

0.500
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E
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0.300
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0.200
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~~-“~“ ~ ;~‘~1r~:’r.~
1) 1 liter samplein eachbeaker. -- --

2) 5 mm mi~ngwith BleachingRowder at 100 RPM
3)1 minrnbdngwith addedchemicalsat 100 RPM
4) Then 5mm slowlystif at 25 RPM. - -

5) Thereis c.a~1D%of Chlorine in the bleaching powder.
6) Samplesare preserved:,
7) A~(SO4)~16H2O;FeCl~6l-12O-

7) The Initial As is about0.478x80%=0.38 mg/I
8) Run 2-4 usedraw waterwasacidified irIadvanc~ -

9) The yield Is about980 ml.:-~----.. ‘- -

cr- -- .— — i..-, - ~ - - -

-~c~ -- -

Date:2a109/97— - .,-.---~--1-.—--- Chlorine dosage is 0.5 mgIl—---ET
1 w
71 519 m
383 519 l
S
BT


-

I
Th ~ ~ ~ ~ ~ y —

1. run (Alum added) --‘ -

Beaker - Dosage~ ~iTpH -- Set,time As Removal
No..~ Alum ...~AI ~initiaL_Residual - Residual- Efficiency.(%)

mg/I mmol/I mg/I h - %

1 10 0.03 0.86.- 7.29 727 1 5 0.296 22
2 20 006 - - 1.71 - 7.51 1.5 0.305 20
3 30 0.10 2.57 “ 7.44 1.5 0.214 44
4 40 0.13 343 7.38 1.5 0.216 - 43
5 50 0.16 4.29 ~‘ 7.35 1.5 0.218 43
6 60 0,19 5.14 ~‘ 7.29 1.5 0.168 56

Oate:28/09/97 Chionne dosage is 0.5 mg/I

1 2. run (Alum added)
Beaker Dosage - ‘pH Set, time As Removal

No. Alum Al Initial Residual Residual Efficiency (%)
mg/I mmolfl mg/I h 0/

1 70 0.22 6 00 6.77 6.70 1 0.097 74
2 80 025 6.86 6.65 1 0.086 77
3 90 0.29 7.71 6.64 ‘1 0.058 85
4 100 0.32 8.57 ‘ 6.62 1 0.058 85
5 110 0.35 9.43 “ 6.61 1 0.054 56

I 6 120 0.38 1029 ‘ 6.60 1 -
0.037 90

I

Appendix10:~ResuIts~of~JarTest Run on 28109197
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Da te:28/09/97 Chlorine dosage is 0.5 mg/i

3. run (Ferric Chloride added)
Beaker Dosage pH Set, time As Removal

No. F. C Fe Initial Residual Residual Efficiency (%)
mg/I mmol/l mg/i h %

1 10 0 04 207 677 6,76 1 0231 39

2 20 0,07 414 “ 6,75 1 0137 51
3 30 Oil 621 ‘ 675 1 0.063 84

4 40 0 15 828 “ 6.74 1 0 031 92
5 50 018 1035 ‘ 670 1 0.037 90

6 60 022 12.42 ‘ 669 1 0d53 86

Date:28/09197 - Chlorine dosage is 0,5 mg/i

-

4. run (Ferric Chloride added)
Beaker Dosage pH Set, time As Removal

No. Alum Al Initial Residual Residual EFficiency (%)
mg/I mmoi/l mg/I h - %—

70 026 14.49 6.77 656 10 0.020
-

- 95
2 80 0.30 16.56 “ 6 56 10 0.010 97
3 90 033 1863 “ 656 10 0.007 98
4 100 0.37 20.70 “ 6.56 10 0002 100
5 110 0.41 22.77 “ 6,53 10 0.000 100
6 120 044 24.84 “ - 6,52 10 0000 - 100
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Appendix 11: Results of Jar Test Run on 29109/97

1)1 Utersamplelfl eachbeaker.
2) 5 mm mixing with BP at 100 RPM
3)1 mln mixing with Alum at 100 RPM
4) Then5 mm slowly slir at 25 RPM.
5) There Is Ca. 10% of Chlorine in the BleachingPowder
6) Samplesarepreserved.
7) In the tea bag,BP is ca 0 8265 g andRH is ca7 2859 g.
8) AI2(S04)3 16H20; FeCl36H20

9) The initial arsenicconcentrationwasabout0.478x80% = 038 mg/I.
10) The sludgewas unstable and stayed on the top of the water
11) The first run wassampledthrougha teastrainerafter 3 hours,and the secondrun was
sampledthroughcafefilter after24 hours.Thereis black ask flowing in the water

1. run (Rice Husk added)
Beaker R. H. pH As As Removal Dose/UNICEF dose

No. Dosage Initial Residual Efficiency
g/l mg/I 0/

1 0.6 6.77 00l2 97 1
2 1.2 “ 0.028 93 2
3 18 ‘ 0.015 96 3
4 2.4 0022 94 4
5 30 “ 0.000 100 5
6 3.6 “ — 0006 98 6

Belching Powderca 0. 7 g form the tea bag

2. run (RiceHusk added)
Beaker R. H. pH As Removal Addition

No. Dosage Initial Residual Efficiency Chemicals
g/l % mg/I

- 1 0 7 6.77 0.001 100 10 Alum
2 0.7 “ 0000 100 10 Alum
3 0.7 0.000 100 10 Alum
4 0.7 ‘ “ 0.000 100 - 10 F C.
5 0.7 “ 0.000 100 10 F. C.
6 0.7 0.000 100 - 10 F.C.

Date:29/09/97 Belching Powder ca 0. 7 g from the tea bag



-~Appen’d~x12-:~Resultsof-JarTestson 16I10I97~
~ ~‘~-‘~ ~ -- -n--- i~. ---1-~T~~

FeC~,.6H20 AT2(S04)3.18 H20
No. Dosage Treated water - Dosage Treated water-

ma/l mg/I

1 20 not wry ciear 60 - - - ---k

2 30 clear~’, 80 - -

3 40 - clear - 100 - after 1 h therewere
4 50 clear .120 still micro flocs.
5 60 very clear. 140 - - --

6 70 veryclear 160

~ ~ - -~.- ~ - --- ~ -~ ~- - ~ ~

1. At higherdosageof Fed3.6 H20the flocs areverybig and theysetdown veryquickly

(in 10 minutes). Theflocs areyellow brown.
— Z. All samplesarefiltered by teafilter. -

3. Settlingtime is 1 hour.
4. The initial arsenicconcentrationis about0.478x80% = 0.38 mg/I - --

5.Allofth~~j3ies’~erepreserved5~HC[(1 ml/l)~-- - -

6. 25 ml of NaBI-14 were usedfor the arsenicanalysis.
7) Bleachingp6wderwas added(0.5 mg/I chlorine).

I
I
I

— a - ~ ..- —•‘—.----—- - ~— ~t--—..-’- - - - -——-, .— -—----5- —---5—-.-. -
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I
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1. Ferric Chloride (FeCI3. 6H2 0) added

Results of Jar Tests on 16110/97

I I

2. Aluni (Al2 (SO~ 18H2 0) added

No. Date(M) Dosage Abs Arsenic Concentration (mg/I) St. Dev
F. C. (mg/I) Fe (mmol/l) Run 1 Run 2 Run 3 Average Run 1 Run 2 Run 3 Average(F. C.)

1 18/10/97 20 0.07 0.387 0327 0 357 0357 0.216 0.181 0.198 0 198 0.018
2 18(10/97 30 011 0.281 0.257 0.212 0250 0154 0i40 0.113 0.136 0.020

3 18/10/97 40 0 15 0.202 0.179 0.14 0 174 0.108 0.094 0.071 0 091 0.018
4 18/10/97 50 0.18 0.133 0147 0.114 0.131 0067 0.075 0.056 0.066 0010
5 18/10/97 60 022 0.123 0.023 0.093 0080 0061 0.003 0044 0036 0.030
6 19/10/97 70 026 0 022 0.098 0028 0 049 0.000 0 046 0 003 0.016’ — 0.026

No. Date(M) Dosage Abs As conc. (mg/I)
Alum (mg/I) Al (mmol/l) Run 4 Run 4 (Alum)

1 19/10/97 60 0.18 0.210 0.114
2 19/10/97 80 024 0.182 0097
3 19/10/97 100 0.30 0.110 0.053
4 19/10/97 120 0.36 0.109 0.052
5 19/10/97 140 0.42 0.094 0.043
6 19/10/97 160 0.48 0.081 0.035

4
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Arsenic Standardon 18/10/97
Conc. - - Abs, -.

jig- mg/I- .~-

0 0.000 0.023 --

- 1 0014 0038
5 0.071 0~135

10 ~0143 0269
20 ~0286 0.505

Slope H~’ 1.710
Intercept - 0.018-

Corr. - 0.9996

I -.~1

I —~ I

Iii ii

ArsenicStandardon 19/10/97
Conc. Abs

jig mg/I 1st 2nd Avera~,
0 0~000 0.023 0.023
1 0.014 0049 0 035 0 042
5 0.071 0137 0.137

10 0.143 0272 0.272
20 0,286 0,456 0 516 0 486

Slope 1.641

Intercept 0.023

~orr. — -- - 0.9991

Standard Curveon 18/10/97

ti-c- 4,
Ii
I:

4)0

StandardCurveon 19/10/97
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0.400

0350
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Appendix 13: Results of Jar Tests on 21/10/97 (As)
1. The samples were collectedon 21/1 0/97 througha coffee filter after1 hoursedimentationandmeasuredon 23.24/10/97,
2. 5 min mixing w~hBP (0 5 mg/I chlonne),1 mm fast stir and 5 miri slow stir.

3. All sampleswerepreservedby HCI (4 mIll).
4. 25 ml of NaSH4wereusedfor the analysisof Arsenic.
5. The rawwaterwas fetctied on 20/10/97andthe inftial As concentrationwas0 384 mg/I

Arsenic Analysis

1. Fen-ic Chloride (FeCI3. 6H2 0) added
No. Dosage Measured

F. C. (mg/i) Fe (mmol/l) Date Run 1 Run 2

Abs

Run 3 Average Run 1 (F C)

Residual Arsenic Concentration (mg/I)

Run 2 (F. C.) Run 3 (F. C.) Average(F. C.)

St. 0ev

1 30 0.11 23/10/97 0268 0233 0231 024-4 0167 0 145 0 14-4 0152 001

2 40 0,15 23/10/97 0197 0195 0256 0216 0123 0122 0159 0135 0.02
3 50 018 23)10/97 0i3 0168 0 181 0160 0082 0 lOS 0 113 0 100 002
4 60 022 23/10/97 0114 0122 0143 0126 0072 0077 0090 0079 001
5 70 0.26 23/10(97 0092 0.096 0.105 0098 0058 0 061 0 056 0062 0.00

6 80 0.30 24/10/97 0,185 0.105 0,096 0.129 0 109 0059 ft053 0.074 0.03

7 90 030 24110(97 - 0071 0.069 0.070 0038 0036 0.037 0.00

8 100 1) 37 24/10(97 0.068 0058 i1063 0,036 0 030 0 033 0 00

9 110 0,41 24110/97 0.072 0 082 Q 077 0038 0 0.45 0 0-41 0,00

2. Alum (Al2(SO~ 18H2 0,) added

No. Dosage Measured Abs Residual Arsenic Concentration (mg/I) St. 0ev

Alum (mg/i) Al (mmoUl) Date Run 4 Run 6 Run 6 Average Run 4 (Alum) Run 5 (Alum) Run 8 (Alum) Average (Alum)

1 80 0240 24/10/97

2 100 0 300 24/10/97

0301

0 193

0~f~

‘~284

0258

0.24Z3

0292
0.240

0.181
0 114

0190 0.154 0175

0 170 0 145 0.143

0.02

003

3 120 0.360 24/10/97 0.146 0,195 0.155 0165 0084 0115 0090 0096 0.02

4 140 0.420 24/10/97 0155 0.154 0.154 0.154 0.090 0089 0089 0090 0.00

5 160 0.480 24/10/97 0.11 0.155 0.123 0.129 0.062 0.090 0070 0 074 001

6 180 0.541 24/10(97 0,121 0.139 0.118 0.126 0.009 0080 0,067 0.072 0.01
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3. Arsenic Concentration in the raw water -
— , - :‘ii~ - - - -; ‘ ‘~ _-~ ! -~- I -

NB. The rawwaterwasfetchedon 20/10/97andthensampledfrom containeror bucketin the laboratory. . - - ~ -,

- - ~, ,I~ •.—T~’’1~

~.:

Name Sampled Measured Abs Conc. NB.

Date Time Date mg/I , -

RU-I 20/10/97 08:00 24/10/97 0.204 0.422 20 ml sample
13:00 24/10/97 0 190 0.391

21/10/97 11:00 24(10/97 p189 0.389 BeforeJT

~“--‘- 21/10/97 16:30 , 24/10/97 d.185 0.380 AfterJT
22/10/97 18~00 24/10/97 - 0.187 - - - 0~384 -- -

- 23/10/97 21.00 - 24/10/97 0135 0271

Ferric Chloride, FeC!3. 6H20, Added
-~ Dosage Arsenic

F. C. Fe InItial Residual Removal
mg/I mmolfl mg/I mg/I

30 0.111 0.384 0152 60
40 0.148 0.384 - 0.135 65
50 0.185 0.384 0 ~00 74

60 0.222 0.384 0.079 79
70 0.259 0.384 0.062 84
80 0.296 0.384 0.074 81
90 0.333 0.384 0 037 90
100 0.370 0.384 0.033 91
110 0.407 0384 0041 89

Alum,Al2(S04)~.’~8H20,Added
Dosage(mg/i) Arsenic

Alum Al Initial Residual Removal
mg/I mmol/l mg/I mg/I

80 0.240 0.384 0.175 54
100 0.300 0.384 0.143 63
120 0.360 0.384 0.096 75
140 0.420 0.384 0 090 77
160 0,480 0.384 0.074 81
180 0.541 0384 0.072 — 81
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Arsenic Standard Curve
Concentration Abs

23/10/97 24110/97
my/l 1st 2nd Average

0 0.000 0.011 0.011 0,011 0016
1 0.014 0 035 0.029 0 032 0.035

5 0.071 0 114 0,09 0.102 0 111
10 0.143 0.19 0.211 0.2005 0247

20 0.286 0.509 0.445 0 477

Slope 1.705 1.530 1.618 1.608

Intercept -0.004 0.000 -0.002 0.010

Corr. 0.989 0.997 0.995 0.996

ArsenicStandardCurveUsed Average on
23/10/97
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[T”~ Resu~ofJa~T:é~f~on21
- -

- 1. The sampleswerecollectedon 21/10/97throughcafeI~terafter 1 hur sedimentationandmeasuredon 25/10/97
2. 5 mm mbdngwith BP, 1 mm faststir and5 rriin ,slowstir. — . . -

3. AU sampleswerepreservedby HCI (4 mI/l). ~
4.25 ml of NaBH4wereusedfor the analysisofArsenic. - .

...5.The rawwaterwasfetchedon 2~/1O/97ar~dtheinitial iroh concentraitd~is 5.5 m~i1 - -.

- -

Iron Analysis

‘1. Ferric Chloride (FeC!3. 6H2 0) added

110197 (Fe)

NO. - .- -- Dosage Measured
F. C. (mg/I) Fe (mmol/1) Date

. .. - - —

Run 1 Run 2

Abs’ --

Run 3 Average Run 1 (F. C.)

Residual iron Concentration (mg/I)

Run 2 (F. C.) Run 3 (F. C.) Average(F.C.) St. Dcv

1 30 0.11 25110/97 0050 0.037 0.034 0,04-0 1.033 0474 0345 0.617 0.37
2 40 0.15 25/10(97 0.04-3 0.033 0.037 0 038 0 732 0.302 0474 0502 0.22

- 3 50 0 18 25/10/97 0.037 0.037 0.031 0.035 0.474 - — 0474 0.216 0,388

‘~r0.259 0.216 0.273

~0Q1 0.259 0 116

0.15

4 60 ~, 0.22 25/10/97 -

5 70 0.26 25/10/97

9.034

0.028

0.032

0.026

0.031

0.032

0.032

0 029

0.345

0087

0.07

013

6 80 030 25/10/97 0,057 0,03 0.033 0.040 1.334 0.173 0,302 0.603 064

7 90 0 33 25/10/97 0:029 0,027 - 0 028 0 130 0.0-4.4 - 0.087 0 06

8 100 037 25/10/97 0.027 0035 - 0031 0 044 ‘‘ 0386 - 0.216 024
9 110 041 25)10/97 0032 0035 - 0034 0.259 0388 . 0323 009

2. Alum (Al2 (SO ) ~ 18Hz0) added - ..

No. - Dosage Measured Abs Residual Iron Concentration (mg/I)

Alum (mg/I) Al (mmoill) Date Run 4 Run 5 Run 6 Average Run 4 (Alum) Run 5 (Alum) Run 6 (Alum) Average (Alum) St. Dcv

1 80 0.24 25/10(97 0.014 0013 0.014 0.014 0 0 0 0 0

2 100 0.30 25/10(97 0013 0011 0.018 0014 0 0 0 0 0

3 120 036 25/10/97 0.011 0011 0018 0.013 0 0 0 0 0

4 140 0.42 25/10197 0.013 0.012 0.010 0012 0 0 0 0 0
5 160 0.48 25/10/97 0008 0013 0009 0010 0 0 0 0 0
6 180 0.5-4 25/10/97 0 011 0010 0 007 0 009 — 0 — 0 0 0 0

~l4 ~.‘.J



3. Iron Concentration in the raw water

NB. The rawwaler was fetchedon 20/10/97and then sampledfrom containeror bucketin the laboratory

I 1 I~ I — ~ .~. .~

Sampled Measured Abs Conc. NB.
Name Date Time Date mg/I

IRU-13 20/10/97 0800 25/10/97 0.18 649 20 ml sample

13:00 25/10/97 017 624 -,

21/10/97 11 00 25/10/97 0.14 469 BeforeJT
21/1 0/97 16,30 25/10/97 0.17 628 After iT -,

22/10/97 18,00 25/j0i97 020 765
23/10/97 21 00 25/10/97 002 0.00
24/10/97 19-00 25/10/97 002 0.00

Fecric Chloride, FeC!. 6H20, Added
Dosage

F.C. Fe
mg/I mmol/l

Iron
Initial Residual
mg/I mg/I

Removal
0/
/0

30 0.11 548 062 89
40 0.15 5.48 0.50 91
50 0.18 5.48 0.39 93
60 - 022 5.48 0.27 95
70 016 5.48 0.12 98
80 0.30 5.48 0.60 89

90 0.33 5 48 0.09 98
100 0 37 5.48 0.22 96
110 041 548 0.32 94 —

Alum, A12(S043. 18H20, Added
Dosage(mg/I) iron

Alum Al Initial Residual Removal
mg/I mmof/I mg/I mg/I
80 024 5.48 000 100
100 0.30 5.48 0.00 100

120 0.36 5.48 0.00 100
140 0.42 5.48 0.00 ~00

160 0 48 5.48 0.00
180 054 5.48 0.00 100
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pH Measurement

The Initial pH is 7.23.

Results of Jar Tests on 21110197 (pH)

1. Ferric Chloride (FeC!3. 6H2 0) added

No. Dosage
F. C. (mg/I) Fe (mmoi/I) Run 1

Residual pH
Run 2 Run 3 Average

- St. Dev

1 30 0.11 7.17 7.13 7.13 7.14 0.02
2 40 0.15 . 7.13 711 7.10 7.11 0.02
3 50 0.18 7.09 7.06 7.09 708 0.02
4 60 0.22 7 02 7 04 7 06 704 0.02
5 70 026 6.97 6.99 7.00 &99 0.02
6 80 0.30 6.94 696 7.01 6.97 0.04
7 90 0.33 7.00 7 02 - 7.01 0.01
8 100 037 6.98 6~99 - 6.99 0.01
9 110 041 - 696 697 - 6.97 0_Ui

2. Alum (A12(S04)3 18H20) added

No. — Dosage Residual pH St. 0ev
Alum (mg/I) Al (mmol/J) Run 4 Run 5 Run 6 Average

1 80 0,24 7,04 7 06 7.09 7.06
,

0.03
2 100 0 30 - 6.97 7 03 7.05 7 02 0.04
3 120 0.36 6.93 6.98 7.00 6.97 0.04
4 140 0.42 6.94 6.94 700 6.98 0.03
5 160 0.46 6.86 6 94 5.94 691 0.05

6 180 — 0.54 6.83 692 6.85 6.87 0.05



Ars~TiIc standard Solutions on 28/10/97 -

ABS
mgIJ 1st 2nd Ave~age

0 0.000 0.011 - 0.011
1 0.014 0.027 - O.O~7

0.071 0118 - 0.118
~1O 0.143 0.208 0.202 0.205
~2O 0.286 0.402 0.453 0.428

Slope 1.453

Intercept 0.008
Corr. O~999

1. ArsenkAna’ysis

6. Sedimentation time was 1 hour.
7. The s~mpIesWore 1~ken~nd preser~dby HCI (4 mIll) on 27/1O/~7~
8.Arserilc wes measured on 28/10/97 and Iron on 30/1 0/97.
9. 25 ml of NaBH4 were used for the analysis of Arsenic.
10. InRIa~~rsen~c concentration of Bucket Tests w~s0.556 mg/I. ç’~

Appendix 14: Results of Bucket Experir~ientson 27110197(As)’ ~

1. The added chemIc~i? was Alum, lechriicaF grade
- - 2. The dosngu of Alum w~sca. 5 gIl 5 I.

3. The dosnge of Blanching Powder wns cii 2 gIl 51 wetor.
4. The BJe~ch~ngPowder was mlxnd wiIh water Ior5 mm ~t ce. 60RPM.

5. Fast st!rw~is cci. 80 RPM, ~ndslow stir w~sc~.15 RPM.

1’~o. Fast stir Slow stir Sludge Residual As As Removal
sec ruin in! Abs mgfJ

1 60 3 600 0101 0064 89 _____________________________________
2 60 5 700 0 099 0 062 89
3 60 7 600 0 070 0.043 92
4 60 9 600 0 095 0 060 89
5 60 11 600 0062 0.037 93
6 60 13 900 0037 0.020 96 _______________________________________
7 60 15 800 0058 0.034 94
8 10 5 800 0.058 0.034 94
9 20 5 900 0 058 0.034 94 ________________________________________________

10 40 5 900 0.048 0.027 95
11 80 5 800 0.081 0.050
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Results of Bucket Experiments on 29/10/97

~i.The added chemical was ~AIum.echnrc~lgrade 7 The s~mpIeswere Laken and pres v!d-by-HC! (4 mI/l) on 29/1 CW97.

2. Thedos~geofAJurnw~sca.5g/151. - 8 25 mloiNaBH4wece u~edfoctheanaIysIso(Arsen~c.
3. The dosage of B~e~chfngPo~erwas c~2 guS] water. 9. The system consists of two buckeis ~heflr~tor’ie w~sused icr
4. The Bleaching Powder was mixed with wa~ec(oc 5 mm at ca 64) RPM. rntdrtg c~ierr~c~sand the second one w~sfor treated w~er,whfch had
5. Fast stir w~sc~.60 RPM, and sk~wsUr w~sca. 15 RPM a s~mpIagr~veIflRer at the bottom. -

8. Se~men~allonlime w~s1 hotir. 10. The r~wwa(e~was (e~chedon 27110/97. -

No. pH Arsenic Jron S’udge.
Initial Res~duaI ~nitlal Arter Bucket Initial After Bucket

Conc. 1 2 1 2 Abs Conc. 1 2 1 2
mg/I f~bs mg/i mgi! Abs rr~gf1

1 722 6 77 0.405 0.453 0 094 - 0 049 - 0 065 2 473 0 001 - 0 - 500
2 722 670 - - 0105 - 0055 - - - 0003 - 0 - 750
3 7 11 6 fl 0355 0396 0093 - 0048 - -O Q4~ 1.836 - 0.008 - 0.203 - 1000
4 7,04 6 62 0 367 0409 0 071 - 0035 - 0 Q3~4 1 .2i8 0005 - 0083 -

5 7 13 674 0328 0.365 0 069 0381 0.046 0 041 0.101 3.907 0 0004 0 0.044 950
7.15 0453 O5f~ 0.088 0071 0045 0.035 0.238 9.364 - 0.004 0.002 0044 -0.036 90~

,~-Iron Standard Solutions ~J

Conc. Abs 0
__________________________________________ mg/I ~fst 2nd Aver~ge~

0 -0.004

___________________________________________________ 10 0.2 OX)1

20 0.4 0.023

- 0.6 0.038 0.04

50 1 0.065 0067

- 70 1.4 ~.O92 0094

_________________________________________________ ~OO 0.131 0i37

31)0 ‘ S 0.381 0.395

5oo 10 ~, 0546 0.648

16 O.993 O.993~

i-Slope ~. 0.001 O.O~1 0.DO1~

In~eit~pt - 1. 0.002 ~ O.D04’ . Q.~O3

Corr. O.~997 O.S~99 O~9997

r~ r~ r~

Arsenic Standard Solutions on 30/10(97

mg/i P~bs
0 0000 0.027

1 0.014 0026

0071 0.114

0.143 O2~9

20 0.286 0509
Slopa 1,748

Jnterc!pt 0.009
Corr. 0.9973



Resultsof Bucket

1. The added chemical was Alum, ~echnicaIgrade
2. The dosage of Alum was ca. 5 g/15 I.
3. The dosage of Bleaching Powder was ca 2 gIl 5t water.
4. The Bleaching Powder was mb~dwith water for 5 mm a~ca. 60 RPM.
5. Fas! slir was ca. 60 RPM, and slow stir was ca. 15 RPM.
6 Sedimerflation time w~s1 hour
7. The samples were taken and preserved by Ff01 (4 mI/l) on 27/10/97
8 Arsenic was measured on 28110/97 and fran was on 30/10/97.
9. 25 mI of NaBH4 were used for the anaIys~sof Arsenic.
10 lnitfa~frori Concentra~onoI Bucket Tests was 7 09 mg/I

2. Iron Analysis

Setti
time

ing
(h) Abs

Conc.
mg/I

Removaf
%

1 0006 0.12 98
1 0.004 0.04 99
1 0.004 004 99

1 0.005 O.G8 99
1 0.003 000 100
1 0004 0.04 99
1 0.006 0.12 98

1 0005 0.08 99
1 0006 0.12 98
1 0.007 0.16 98
1 0007 O.~6 9~

Experiments on 27110/97(Fe)
Standard

Conc.
jig m9/I

SoIut~ons on 30/1 0/97
Abs

1st 2nd Ave~~
0 0 -o 004 - -0004
10 0.2 001 001
20 0.4 0 023 - 0023
30 0.6 0038 004 0.039
50 1 0-065 0 067 0.067
70 1.4 0092 0094 0093

100 2 0131 0137 0i34
300 6 0381 0 395 0.388
500 10 0.646 0.648 0.647
800 16 0993 - 0.993

SIo~e 0.001 0.001 OO01
tntercept 0 002 0.004 0.003

Corr. 1.000 t000 1.000

— — —
— — — — —

— — — — —
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Appendix 15: Estimation of Sorption Isotherms

The two modelsLangmuirandFreundlichdescringequilibrium concentrationsarc testedbasedon the resultsof thejar test
experimentson 2 1/10/97.The two equationsof Langmuir andFreundlichcan be found in Section6.

The estimationof the appropriateconstantsis doneusing the methodsfor nonlinearleastsquaresflt and usingthe Solve function
of Mircrosoft Excel program.

1. Estimation according to thesumof added and initial Fe

Dosage Init~a~ As FreunUch Langmuir
FeCI3 6H20 Fe Fe initial Res~duaI(S*) Measured diffA2 diff’~2

mg/I mg/I mgII mg/I mg/I mgAs/g Fe Estimated Estimated
30 62 5.5 0.384 0 152 19.88 19.39 0.24 18 85 1.07
40 5.5 0384 0135 18.15 18.78 0.40 1852 014
50 10.4 55 0384 0.100 1798 1736 0.38 1758 0.16
60 12.4 55 0384 0.079 17.05 16.34 050 16.72 0.11
70 14.5 5.5 0.384 0.062 16.17 15.29 0.77 15.66 0.26
80 16 6 5~5 O~3~84 3.Q74 1410 ~6.O2 3~68 16.42 5.38
90 rf~186 5.5 0.384 0.037 14.41 13 38 1.05 13.19 1 48
100 ~ 20.7 5.5 0.384 0.033 13 43 12.95 0 23 12.53 0.82
110 22.8 5.5 0.384 0.041 12 14 13.78 2.68 13.76 2.64

sum 9.94 sum 12.04
a~fa 31 80 gamma 40,96
beta 381 f,hat 2t87

I
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3. Estimation accordiug to addcl Fe

— Dosage InlUal As — Freuntlcli Langmufr -,

FoCI3 GI(20 Fe Fe Initial Residual (S) Measured f*~ dIffA2 r dIffA2,
mgfl mgfl mg/I mg/I mg/I mg.As~gFe Estimated Estimated
30 62 5.5 0384 0.152 . 37.43 3441 9.12 33.64 14.40:
40 8 3 5 5 0 384 0.135 30,17 32.25~~ 4.33’ 32.07 3.61
50 104 5.5 0.384 0.100 27.5q 27.45~ 000 28.05

60 12.4 5.5 0 3~4 0.079 24.57 24.24) . 0,11 24.91
70 14 5 5 5 0.384 0.062 22.29 21.16~ 1.28 21.55 ~.54 ~
80 16 6 5 5 0.384 0.074 18.77 23.29~ 20,40 23.91 26.4O~
90 18.6 55 0.384 0037 .18.65 16.11 6.44 15.41 1O46~

100 20 7 5 5 0 384 0 033 1699 15.06 3.72 14.07 8.53
110 228 5.5 0.384 0041 15.0� 17.10 4i4 16.37 2.57

sum 49.54 sum 66.93~
aira 94 83 gamma 10.66
beta 1.86 f, hat 54.40

I1~

:th~i

1~tP~?
~+~

~

~:~

2. Estimation according to addcd Al

~osage - As -~ Freunllch -- Langmuir -

A!2(S04)3 10H20 Al ~nItIaI Resfdual As Measured r dIf~A2 P diffA2

rngII mgIJ mg/I mgfl mgAslg M Estimated Estimated
80 65 0 3~34 0175 32.30 3275 0.20 3252 005

100 8 1 0 3U4 0 143 29.81 30 44 0.40 30.67 0 75
120 9.7 O3~4 0090 29:~ 2641 10.24 26.09’’ ~.51
140 1 1.4 O.3~4 0090 25 98 25.72 O07 25.90 0.01
160 13.0 038’i 0074 2394 24.01 001 23~82 0.01
180 t’l 6 0.384 0.072 2142 23.76 5.50 23.51 4.36

sum 16.42 sum 13 69
alfa 61.43 gamma 15.64
beta 2.77 1, hat 44.40
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