
S 1 -3 

Highly Arsenic-contaminated Areas in Bangladesh and 
Development of Multi Gravel Sand Filter 

Hiroshi Yokota¥ Yasunori Y:組02ラShigekiTomomatsu
3
ラ

Sachie Tsushima1ラShamim Uddin 1ラAbuShamim Khan1 and Sayed Sunnyl 

1 Asia Arsenic Network (AAN)， Japan and Bangladesh 

2 Center fo1' lnternational Relations今Univ目'sityofMiyazaki， Japan 

3 Faculty ofEngineering， University ofMiyazaki， Japan 

Abstract 

In Bangladeshラmanyarsenic mitigations have been conducted these 22 years since the白'stdetection of 

As-contamination of groundwater in 1993. A DPHE/n CA repo坑 madeclear the situation of arsenic 

mitigation in 2010. According to the reportラ 19million people do not have access to any safety 

water options (SWOs) yetラandalso 4.6 million people are stil1 living where Aシcontaminatedratio 

is more than 80% but safe water coverage is less than 20%. It is the worst As-contaminated areas. 

The Asia Arsenic Network (AAN) had the chance to study the situations of As-mitigation al1d 

construct SWOs in some ofthese worst areas. There were many highly As-contaminated tube wel1s 

(As>0.51ng/L) with low Fe-concentrations. AIRP/GSF， used cOl1siderably in Bangladeshヲcannot 

be applied to these highly Aトcontamil1atedtube wel1s because that the iron concentratIon in tube 

well water needs to satisfy the condition ofFe/As>20. In order to supply safe water in the highly 

As-contaminated areasラ animproved GSF (multi GSF) is 110W being developed. This paper 

describes the situations of highly As-contaminated areas and the improved GSF under 

development. 

Keywords: Arsenic， Groundwater， Arsenic removalラBangladesh

1. INTRODUCTION 

water options (SWOs) yet， according to the DPHE/JICA 

repo口(DPHE/JICAラ2010).Twenty (20) years ago， it was 

estimated that 40 mil1ion people needed to get Aシsafe

drinking water. The DPHE/JTCA report showed the 

sItuations of arsenic mitigation in detailラ includingthat 

4.6 million people are living where Aシcontaminated

ratio is more由組80%and yet safe water coverage is less 

than 20%. lt is the worst As-contam inated areas. 

Twenty-two (22) years have passed since 1993 when 

由earsenic contamination was first detected in Chapai 

Nawabganj District in Bangladesh. Many organizationsラ

governmental， non-governmental and intelnational， have 

made efforts to tackle the problem. Asia Arsenic Network 

(AAN) ， too， has implemented many arsenic mitigation 

pl吋ectssince 1996. Regarding the installation of safe 

water optionsラ AANhas constructed about 1，000 unitsラ

20 % of which is AIRP/GSF (Arsenic lron Removal 

Plant : General name/Gravel Sand Filter :α屯inaln剖ne)
mentioned later. 

Now 19 mi1lion people do not have access to any safety 

Contact: Hiroshi Yokota， Representative， Asia Arsenic Network 

2・9・か208，Tsurushima， Miyazaki 
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AAN had the chance to study the situations of As-

mitigation and constmct SWOs in two highly arsenic-

contaminated areas， inc1uding the above-mentioned 

worst area. The fi1'st one is Ashra1tu1' Union in Chandpur 

District to由esoutheast of Dhaka located along the 

Ganges， where SWOs coverage is less than 20% while 



As-contamination ratio is more由an80% according to 

血eDPHE/耳CAreport.百1eother is Dharmapasha 

Upazila血 SunamganjDis仕ictto也enor血eastofDhaka 

located ne訂Indianborder， where血eAs-contamination 

ratio and SWOs coverage紅eboth 40% to 60%血血e

most contaminated Unions among由e10 Unions of 

Dharmapasha Upazila according to也eDPHE/耳CA

report. 

TheAAN projects were p町formed2012 to 2014 as for 

Ashrafpur (Asia Arsenic Network， 2012)姐 d2014 to 

2015 as for Dharmapasha (AsiaArs田llCNetwork， 2015). 

Thes町 veyin both the訂easshowed血ata lot of tube 

wells were highly contaminated with arsenic 

(As>0.5mg/L) and血econcen凶 tionof As and Fe did not 

show linear relation which is often seen at吐1eAs-

contaminated紅easin Asia coun仕ies.Moreover， there 

weremany旬bewells which have high As-concen仕組on

with low F e-concen甘ation，and also tube wells with low 

As-concen回 tionbut wi也 highF e-concen仕ation.These 

highly As-contaminated紅eas紅e，as we say，血emost 

di伍cultareas to obtain the safe water sources and le食血

Bangladesh unsettled. 

On the other hand， the AIRP/GSF technology， 

developed by Univ. of Miyazaki (UOM) & AAN， has 

been working well in Bangladesh un凶now.百1e紅 senic

is to be removed by the co-precipitation of iron， resolved 

h由egroundwater， after aeration (So it is called generally 

as Arsenic Iron Removal Pant). In也eAIRP，也eaぽation

is caused at血eInlet tank and也eco・precipitatedmaterial 

is to be settled in the gravel voids at the Gravel tank， and 

血1ally血etube well water is fil仕atedslowly at the Sand 

tank (So we originally named Grave Sand Filter) . 

The As-removal ratio of AIRP/GSF is roughly 80% to 

90%. In installation of AIRP/GSF， the value of 80% is 

used based on也esafe side， and the arsenic-contaminated 

tube wells of As<0.20mg/L is specifically selected. And 

also， the Fe-concen仕ationof the旬bewell water is to 

satis命theratio of Fe/As>20 to remove arsenic by co・

precipitation of iron. 

Dueto血eseconditions of As and Fe for installation of 

AIRP/GSF，せ1etechnology is not e:ffective to也eabove-

mentioned “出emost di伍cult訂easto obtain血esafe 

water sources". To solve也isproblem， a “multi GSF" is 

now being developed. 

This pap町 describes 吐1e situations of As-

contamination in Ashrafpur Union and Dharmapasha 

Upazila，組d也em叫tiGSF under development. 

2. SITUATIONS OF As-CONTM但NATION

2.1 As-contamination in Ashrafp町

百1ぽeare 20吋llagesin Ashraf抑 Union，羽rhere血e

紅senicconcen1ration of all shallow tube wells of 5，374 were 

measured by宣eldkit in 2012. The Ninety-nine p町cent

(99%) of tube wells exceeded 0.05mg/L，也epermissible 

value in Bangladesh， as shown in Fig.l 
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Fig.l As-concen仕ationof shallow tube well in Ashrafpur 

百1eabove-mentiα1ed da旬 byfield kit wereσoss-

checked by AAS (Atomic Adsorpti∞Spec仕ome句，)for300 
data，叫1ere也eir佃 concen回ti∞wasmeasured， too， as 
shown in Fig.2. 
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Fig. 2 As-Fe relation of shallow tube well in Ashrafpur 
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百1ereare tube wells wi血lowFe-concen1ration and high 

As・concen1ratiα1.As mentioned before， AIRP/GSF h鎚

been血坑alled材1ere也econditions of As<0.2白nダLand 

Fe/As>20 are satisfied.百1erange ofbo血conditionsin Fig.2 

is small. And， no linear relation between As and Fe is seen. 

Anyway， AIRP/GSFωn not be easily applied in 

Ashraft町. And， we recognized 也eneeds of GSF 

development for high As-contaminated tube wells. 

百1erewere many As-safe but high Fe-c∞ceIlJ仕atedtube 
wells. AAN at阻chedIron removal units (IRUS) to such tube 

wells and supplied drinking water wi血pipelineat public 

faciliti回 asprimary and high schools. 
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arsenic-safe tube wells wi也 highiron concentration and 

GSF toω.be wells血 accordwi也也e∞nditionsof 
As<0.2mg/L組dFe/As>20.
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2.2 As-contamination in Dharmapasha 

百leconcen仕ationof arsenic & iron of 929 tube wells in 

Dharmapasha Upazila， which is composed of 10 unions， 

were measured by field kit in 2014 and shown against也e

depth of tube wells as shown血 Figs.3 and 4.百letotal 

numbers of tube wells in Dharmapasha Upazila was 1，716 

and the arsenic concentration of all 1，716 tube wells were 

measuredラbutthe Fe-concentration w;ぉ me節目.edfor only 

929加.bewells out of 1，716. 

Fig.3 shows也at也eratio of As-contaminated tube wells 

(必>0.05mgIL)is so 1紅ge(almo坑90%)comp紅edwi也也e

40% to 60% in也eDPHEI.耳CAreport. AndヲAs-

concen仕ationdo岱 notdepend on世ledepth of tube well. 

Fig.5 Relation between As-con∞n仕組onand 
Fe-concen仕ationin Dharmapasha 
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3. DEVELOPMENT OF]¥侃疋.JTIGSF
AIRP/GSF is mainly composed of a Gravel tank and a 

Sand tank as shown in Fig.6.百leidea of multi GSF is to set 

an Iron tank and ano也erGravel tank next to血e1 st reservoir 

tank. 
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Fig.3 Relation between As-conc印刷tionand dep血 of
tube well in Dharmapasha 
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In the multi GSF highly As-con旬minatedgroundwater is 

putinto也eInlet旬nk.The high As-concentration in the Inlet 

tank water is expected to deαease until O.2mg/L伽ough

Gravel tank.百lIsis血e1st step of As-concentration 

decrease. If the water of As=O.2mgIL is obtained， we can 

decr伺seitωAs<0.05mg/L血roughthe additional Gravel 

tank (2nd st叩 ofAs-concentration deαease). It is 

considered也at也eiron白血egroundwater will be 

consumed completely血血e1 st step of As-concen凶 tion

decr伺 se.Many iron tips are，由町efore，to be put in也eIron 

tank in血e2ndstep. 

We have an experience to血stallAIRP/GSFin an紅se凶c

contaminated area along Indus River at Pakistan，叫lere

groundwater has only low Fe-con∞ntration. 百世s
corr邸:pondsto the above-mentioned 2nd step. After 

deciding吐levolume of iron tip to鈎tisfythe condition of 

Fe/As>20 by laboratorytest， an appropriate amount ofiron 

Fig.6 Schematic diagram ofAIRP/GSF 
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Fig.4 Relation between Fe-concen仕組onand dep也
of tube well in Dharmapasha 
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FromFig.4，江seemsFe-concen仕ation，too， is independent 

of the depth of tube well. And， no relation is obsぽved

between concentrations of arsenic and iron from Fig.5. Also， 

也前aremany high As-contaminated tube wells wi血 low

Fe-concen回tionwhich mak:es it impossible to install a GSF. 

In order to回pplydrinking water， we installed IRUs to 



tips were placed in the Inlettank of conventional AIRP/GSF. 

官learsenic removal perfOlman∞is shown in Fig.7， where 
由eGSF has 2 gravel tanks for血euse of large number of 

families (Hiroshi Yokotaラ2013).
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Fig.7 As-removal perf01mance and Fe-consumption 
ofGSF wi血ironin Pakistan 

Fig.8 is another test result for the 2nd step， showing the 

dissolution & consumption of iron， and decrease of As-

concentration at the setting tests of 40 II・on bars 

( diameter=3mmラ length=60mm)in the arsen ic water of 

400m1. TIle arsenic water is the springldrainage water fi.om 

a tunnel constmction site in由eSouthem K yushu，仕leiron 

concentration ofwhich is very low. 
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Fig.8 Dissolution & consumption of iron and As-
removal perfonnance in laboratory test for As-
contaminated drainage ofa tunnel in Southem Kyushu 

Figs.7 & 8 show血edecr回 seof arsenic concentration 

wi血血edecrease of iron ∞ncent:ration，社1Ichincr白 sesat 
出es凶tof由etests. It seems由ebehavior of iron 

concentration shows both of the dissolution and 

consumption ofiron. 

Tn the Dharmapasha Project， we put the Iron nails Into the 

Tn let tank of GSF in the case that the condition ofFe/ As> 20 

was not satisfied.百leperfonuan∞of As removal is good. 
From these experiencesラtheremay be no big problems in 

the 2nd step for the realization of multi GSF. However， for 

the 1 st step ofthe multi GSF， the following problems have 

to be resolved. 

First， the standard of Fe/As>20 should be examined for 

the high1y As-contaminated groundwatぽ・ If吐lestandard is 

not effectiveラwehave to get new standard for血ehighlyAs-

contam inated印bewells.

Secondly， there is a question for exist of such high iron 

concentration in groundwaterラ evenif the standard of 

Fe/As>20 is∞nsidered e偽ctive.Tt would seem some Iron-
concentration satis今ing Fe/As>20 白if highly As-

concentrated加be(As=O.4---0.8mg/L)出Figユ
When we∞uld not get the high Fe concentratIonラ
satisちringFe札s>20，in the field， we have to put the iron tips 

in Tnlet tankラwherewe may meet the third problem whether 

the iron enough dissolve to satis命FelAs>2001' not. 

百leresearch to resolve such many problems just s凶tsin 

Bangladesh. 

4. CONCLUSION 

We introduced here the situations of highly As-

con回111inated areas in Bangladesh， where the existing safe 

water options are not useful. As an improved technique of 

the used optionラweproposed here the multi AIRP/GSF to 

get As-safe drinking water in the highly As-contaminated 

areas. 1t is only to put the iron tips into the conventional 

ATRP/GSF to which an i1'on tank and a gravel tank are 

attached.羽letests starts in 8angladesh expecting good data. 

On the other handラthearsenic removal by using leading-

edge technology， such as ceramics and membraneラisneeded

at the highly As-contaminated areas. There isラhowever.ラno

enough industry system in Bangladesh now to maintain the 

high-technical As-removal options and to tr伺 tAs-sludge. 

Those technics should be more introduced in Bangladesh to 

establish the industry systelη. 
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