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Abstract 

Arsenic is one of the most seriously toxicants in global environment. Humans can be mainly 

exposed to arsenic through water and contaminated water. Most arsenic is seen a立erarsenic 

exposure凸・omdrinking water. Mekong delta has been under risk fi'om the arsenic contamination. 

The 1・ecentanalyses indicated that high levels of arsenic contamination. The groundwater山 ed

for drinking water supply in some place reaches to 321μgIL (Shinkai et al吋 2007).Our survey 
and investigation fi'om 2009四 2014also indicated that the arsenic contamination in not only in 

groundwater but aIso surface water with high concentration (Tuan， 2014). It 1S a severe risk fo1' 

communities in Mekong de1ta. To help people in contaminated但'eas，we success白llydesigned 
the simple and cheap unit今 whichcan remove the arsenic from the contaminated water by 

available materials in Mekong delta (Tuan， 2012). Model has been manipulated and multiplied 

in some regions in Mekong delta with larger scale which initially resolve arsenic problems in 

some coロ1立mnities.
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1. INTRODUCTION wells in Northern were contaminated more than that in 

Southem. Survey was conducted by Biotechnology， Vietnam 

Academic of Science and Technology on刊 aiNguyen、

Quang Ninh， Ha Tay， Ha NoiラHue，Ho Chi Minh， Long An、

Dong Thap and An Giang provinces (Thao， 2005). 

People in出eworld are living in environmental risk，白ce

up with water lack and poor quality water SOU1'∞is a serious 

problem fo1' countries. A1'senic contaminated wate1' sou1'ce is 

a typical exanlple， a trouble for some n砥ions，especially 

8angladesh， lndia， and China.. .8angladesh where people 

found out the arsenic contamination in ground water. 98 

pe1'cent of ground well wate1' in coun廿ysidehas b∞n used 
for drinking and dail y life was∞illtaminated. Con∞ntI司ion
of arsenic is higher出an0.05 mダL-a Bangladesh s組ndard，

W出 foundin 6V併 districお， 25% samples over 0.05 mg/L 

and 42% samples over 0.01 mg/L - WHO standard 

(R油man，2004).

Tn Vietnamラal'seniccontamination w出 foundout in ground 

water in Red liver and Mekong deltas. Data coUected from a 

survey of 12，461 dlilled wells in 12 provinc回 showedthat 

ln百enGiang Province， data fi'om a survey show that 

392/1132 of drilled wells in 2004， 2005， 2006 were 

contaminated by felTous and arsenic (Cente1' for Preventive 

Medicine). Arsenic con白ntration1'anges企om0.025 -0.15 

mg札 inChau Thanh Dis1. (12 samples)， Cho Gao Oist. (12 

samples). Especially， a survey by Center fo1' Dep1. of 
Resources and Environment， An Giang province indicated 

that 12 water supply plants which have arsenic contaminated 

water with 0.05 -0.34 mg/L which over than that of 

Vietnamese and ¥¥羽ostandards. 
Obviously， Mekong and Red River deltas have been under 
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risk企omthe arsenic con旬mination.百lere∞:nt analyses 
indicated血athigh levels of arsenic con旬minationin 

Mekong delta. 百legroundwa土佐 used for drinking water 

supply in some place reaches旬 321μダL(Shinkai et al.， 

200η.0町 S町veyand血vestig砿ionin 2009 also indicated 

由砿 thearsenic contamination in not only in groundwater 

but a1so sur白cewater. It is a severe risk for communiti白血

Mekong delta. To help people in∞ntar凶nated紅e部， we 
d回ign也esimple and cheap unit， which can remove也e

arse凶c企om由econ旬minatedwater by available materials 

in Mekong delta. As a res叫t，our :filter unit can remove 

nearly95 p町centof arsenic in potable water and reduced the 

level of arse凶cto WHO provisiona1伊idelines(10μダL).

百le宣lter山由willbe applicable for maIlY紅e出血Vietnam

and the other in the world 

As+3 is di血cultto be removed than As +5. AccordingぬEPA

(2005)，世lere訂'eseven methodsωremove arse凶c企om

ground w.砥ぽ:(1) oxidati∞ー血ter，i∞exchange，ぉtivated
aluminum 油so中世on，flo∞叫ation-:filter，upflow 宣lt，町，

grow由自occulation，and elec位。lysis.In vi出lam， arse凶c

contar凶natiα1in ground water wぉ warnedfor long but 

there are no water supply plants that are問sponsibleto仕eat

arse凶c.百leseplants have been in charge 加treatferrous b凶

not e缶cientand difficult to be∞n仕ol1ed(Con， 2008). 
Many恒ndsof materia1 were used to remove arse凶c:from

contarninated water such 出 activatedalur凶na， some 

po恥ner...and some high technologies such出 nano

membrane， rl凶 erveosmosis have been also used but血eyare

so expensive for countryside people. Therefore，社isurgent 

to have some techniques and materials to remove arsenic 

企omarsenic contarninated water so町 ces.Each technology 

fixes也edi島rentcondition and has to use chemicals.百le

present副ldywぉ conductedto satis命there年世ementof 

arsenic removal wi曲highe血ciency，low∞st materials，組d
easily operation. No chemica1 or little chemical used， 

avai1able materials in nature， easily operation也atare血e

advan旬伊of由isstudyand able to be applied in問a1ity.

2. RESEARCH METHODS 

2.1 Field survey 

Data were∞Uected in An GianιTien Giang and Dong 
百lappro吋nc回 by:field s田明yω 出sessthe situation of 

arsenic contamination. Samples wiぽecollected組d釦 al戸ed

in standard laboratory by Atomic Absorption Spectrom位y.
2.2 Set up model 

Model set up and fUIl泊 laboratorybefore applying in 

r伺lity.Relying on也earse凶ccon∞n仕組on血釦，alyzed
water， experiments were fUIl血EnvironmentalTechnology 

Laboratory， Fac叫tyof Environment and Nぽ町alR，白O町 C民

HCMC， vi拍 lam.
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明鳩町 Wお contaminatedby arse凶cwi出 concentration

19.27 ppb， pH at 6.8 -7.0. Columns were packed with 

di自己:rentmaterials as F errous con臼minatedsand; Activ剖ed

carbon， Activated carbon and fi町 ouscontarninated sand; 

Lat倒te;Brick; Laterite， brick and 企町O山 contaminated

sand. 

Arsenic contaminated water of inflow and outflow w;ぉ

組 alyzedat Analysis Center for Chemis町;Nong Lam 

U凶versity， Vie位lam.Arsenic w槌 measuredby Atomic 

Adsorption Sp即位om出ymethod (AAS). 

Model w出fUIlはめlywi由 arsenicand a flow rate 2.2 

L泊白血2days. Model W:出 letfor a rest in 1 day， and then 
fUIl out the water. The arsenic contaminated water with 

町民国c19.27ppbw出 appliedin model in 30 days at a flow 

rate 2.2 L/min，組mpl凶 wereanalyzed. Samples were dai1y 

co11ected and analyzed. 

2.3 Applica世佃

Arsenic tre柿nentpilots were applied in where arsenic 

contarnination at high concen回tion.Two kinds of pilot 

W町eapplied: one for household， and the other for 

communities. 

3. RESUL TS AND DISCUSSION 

3.1 Arsenic c岨taminationin Mekong delta 

Evaluation of arsenic contarninated concurrence加 TIen

Gian忌AnGiang and Dong百lappro吋nc回.百leanalyzed 

results indicated由atthere is arsenic c∞tanlination in the 
pro吋nc凶 was0∞:urring seriously， especially in An Giang 
and Dong Thap. Arsenic concen仕組onin Tien Giang range 

企om2 -25 ppb， in Dong Thap企om5 -50 ppb， but in An 

Gi組島 arse凶Cw:出 sohigh， r組伊19企om20 to 150 ppb， 

some sample over 500 ppbσig.l). 
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Fig. 1 Arsenic contarninati∞in Mekong delta ( c出e翻 dy
Tien Giang， An Giang and Dong Thap provinces) 



efficiency is r伺llyhigh at 98.550/0， arse凶cconcen仕組onat 

outlet only 0.28 ppb which reaches雨明ostandard出 well
as Vietnameseは姐dard(< 10 ppb). 1hat material play arole 

悩 supportingsubs仕atewhere arsenic attaches and the 

material surface contain pores which increase stacking 

ability of arsenic. Besides， material collected企omMekong

delta and its surface contaminated 島町ousactually. ¥¥也且e

arsenic contaminated water passed through， Fe (町

hydroxide will be oxidized by 0可gen泊 wateror凶司rto 

become Fe (皿) hydroxide. F e (町 hydro対de

con出lUouslyprecipi凶 eson material and constitutes由in

layer. Arsenic (V)組 darse凶c(llI) in water will be absorbed 

by Fe (町 hydro垣deand this compound will be kept on 

material.百1ereaction in material column is shown出

equ紺onsbelow: 

Arsenic contamination should be a big problem for 

Mekong delta. Communities are usually use watぽ fortheir 

activities such 出金ink 釦d coO凶tg. 国gh 紅白凶c

concentration in water w出 r邸ultsin many problems for 

communities in the白ture.Some s戸nptomwere dis∞vered 
in research region such出 skindiseぉe，kerぽosesσig.2).

Fe(町+02今 Fe但り

Fe(町+As (llI)今Fe(町+As(V)

Fe (ll) +02今 Fe(町

Fe(町 +As(V)今FeAs04

FeAs04 precipi旬脂swi血Fe(0町3andw出beke戸on血e

m創出品問由民.As也.eres叫t， arsenic血contamina総dwat，ぽ

wasremovedぽ adsorl対句rferr∞SCOl11回世natesand matぽial.
F or activated carbon， the adsorptive e血ciencyw:出 really

low， 34.46%. Arsenic concerr仕組onremained after血tration

by column w;出 12.63ppb higher th:血 thatof st姐 dardfor 

potable water.百1atwas because of activate carbon is neutral 

al也oughit contains many pores in its structure. In由仕組on

proc凶sactivated carbon can absorb some soluble substances 

泊 waterresulting in也epores having no more space for 

訂se凶cadsorption. 

Activated carbon is pぽousmaterial con旬iningmany 

凶 dsof pores with di宜erentdiameters. Under electron 

miαoscope， activ砥ecarbon has a紺uct町elike ant' s n目t.

Therefore it has large contacting sur:face 旬 adsα.b

contaminants. However， activated carbon w;ぉusedin those 

experiments has a diameter from 3 to 5 mm， and arse凶c

contaminated wat，ぽpぉsing由roughspaces among particles 

instead of going血topores. Moreover， the main re出onis 

that activated carbon only adsorbs由ehigh elec位。lytes

instead of low electrol戸白出 arsenic.As the result， arsenic 

W出 absorbedby activated carbon at low e血ciency.

F or carbon and felアO附 cont，αminatedsand material， the 

result indicated由atarse凶cw;錨 adsorbedwi由 nearlyhigh 

e血ciencyat90.35%. Arse凶cin outlet was 1.86 ppb. 

Material w;ぉ packedby 2 layers with tlrickness of 

activated carbon and ferrous contaminated sand W:出 20cm 

組 d25 cm， respectively. Activated carbon adsorbs high 

elec位。lytesubはances.百1erefore，arsenic was only kept a 

li枕leon activated carbon layer. In血atc出e，activ砥edcarbon 

S訴ndi部錨時

KeIa.tO留S

Fig. 2 Some s戸nptomwere discovered in comm山首tyby

町semccon旬.mination

3.2 Model running res凶飽

After runr由19紅se凶ccorr阻minatedwater tllrough也e

material columns， there were five s出npl出 havingarsenic 

concentration meet WHO s旬n伽rd(< 10 ppb).百1ematerial 

composed企omsand， brick and 1祇eritege凶nghigh回t

e血ciencyby 1 00 ~九 nextthe ferrous corr旬minatedsand by 

98.55 %， and lowest is activated carbon by 34.46 %， wi由

outlet concentration at 12.63 ppb.百lerest sample had 

e血cienciesfrom 52ω90 0/0， and meet WHO st姐 dardσig.
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F or ferrous contaminated sand， the arsenic adsorption 



played a role錨 suppぽ曲19宣lterwhich adsorbs contaminant 

in water. Arsenic contaminated water continues to run down 

to ferrous contaminated s組 d組 darsenicw;ぉkept∞secα1d
layer with high e盟ciencyin 4 days running. 

wi血laterite，宣lteringe伍ciencyw出 51.69%，組darse凶c

concentration at outlet w鎚 9.31ppb， which satis:fies WHO 

standard. That is also a material can be used for arsenic 

adsぽ戸ion.For matぽial 抑uct町e，laterite is porous， 
containing many spa∞s and its chemical composition is 
ferrous abundant. When arsenic contaminates water runs 

into material， reaction c祖 beo∞世間d回:

H3As03 +02今 2H2As04'・+2W

Fe(O町3+ H3As04今 FeAs04.2H20+ H20 

Arse凶cCo・precipitatewith Fe3+ and create a complex 

which at阻chωlateritelayer wi由 highconcen'仕ation.

However， for long世me:filtrati∞， laterite could be broken 
down into smaller partical and runs dm四 wi也 attached

ars出 c，resulting in reducing the血teringe血ciencyof 

laterite material. 

For brick， wi也宣l仕組∞ e血ciency61.08%， arse凶c

concen仕ation7.5 ppb at outlet， brick has average filte出19

e誼ciencybut meet V，羽ost祖伽rdfor命力出ngwater. Brick 
a企ermilling into smaller particles has 2 -4 mm in diameter. 

Material is脳出permeablefor water， sporous and con旬血血g

iron， m姐伊nese...rronin brick includes Fe (皿)andFe (町，

while be oxidi血19Fe (町 becomeFe(皿)血 precipitation

state. Fe (町 contactsarsenic to form FeAs04柑 chat阻.ch

to brick particles. Therefore， arsenic contaminated water 

si伊出ωntlyre伽C回.Brick has a lifetime longer than 1ぽ:erite，

:filteration e伍ciencyhigh町出組曲atoflaterite for long time. 

wi由也ecompωition of sand， brick αnd laterite in 

column， result indicated白紙 experimental material got 

M曲目te血ciency(100%)， and did not remain arsenic at 

outlet.百1at伺nbe exp凶ned出:おIrmationof three恒ndsof 

material企omupper laterite，∞nter brick， and lower sand， 
while arsenic contaminated water running form up to down， 

at laterite layl町 containingF e，乱世1...，Fe，r..企1will be oxidize， 

then contacte arsenic to form FeAs04 precipitation and be 

ke戸開此ly也町e組 don the following lower layer. While 

continously running brick which containing much Fe (町be

oxid国 dinto Fe(O町3and arse凶creact wi也Fe(皿)to form 

FeAs04 precipitation. A mount of arse凶cwill be kept on 

血islayer. Finally， while running由roughsand layer， sand 

h邸 manysmall spores playing a role of SUppO耐nglayer 

where FeAs04 coagul姐.tsa伽ch. Mowever， sand 

collected企omMekong delta where 企rrouscontaminated 

wat，ぽapp伺rscasually. Sand surface伺nbe cont紅凶natedby 

島町'ousand reaction for keeping arsenic on mぽerialeasily 

occms， then FeAs04 coagulants fix to materials. As吐1e

result，世rreelayers all can react wi由 arsenicto keep it on 
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出e廿surfacewi血highe血ciency.

3.3 Arsenic treatment applica姐on

Model run success削除泊 laboratぽyw;出 applied血

reality by two method: (1) for household (Fig. 4)組 d(2) for 

communiti回 (Fig.5).

Fig. 4 Model applied for household 

Fig. 5 Model applied for communities 

Application of arse凶c仕eatmentin household and in 

comm山首世回 Wお conductedsuccess白lly.All model can 

take in charge of arse国c位制mente缶ciently.Arsenic 

concen仕組onin outlet of model is below 5 ppb.百1emodel 

not only treat arsenic but also reduce iron ion in water.百1at

work initially make people believe in simple and safe 

technology. B白id民 modelwere detぽminedぉ ch伺.pestin 

market at the moment. 

4. CONCLUSION 
Arse凶ccomtamination in Mekong delta is wo汀y血ingat

the moment. Dね indicated血atsome regions in Mekong 

delta were contaminated arsenic with high concerr仕組onand

some symptom were discovered in research :fields. 

百1eadsぽ戸ione血ciencyof arsenic will signi宣cantly

increase by using laterite， brick and ferrous contaminated 



sand (100%) and fe町ous∞ntaminatedsand (98.55%)， but 
血es切ondmaterials w;出morestable than the宣rstand time 

for operation is also longer.百1erefore，ferrous contamIllated 

sand was chose for designing :filter model which used for 

households m Mekong delta. 

Inu副包組処 peoplerecognize血e:filtぽmgmodel is able 

to remove ferrous e血ciently. In arsem c contamIllated 

regions，也ere訂eusually組制ountof ferrous m wat町.

Relying on也eco・p問cip社泊onof紅白凶cand fe町ous姐 d

n細川oxidationof arsemc and f加ous，血eproposed model 

is use:ful for arsemc removal with low cost design and 

opぽ組on.百latis世1eneed of coun町sidepeople. Model 

never use any chemical to improve血ee血ciency，thus註is

創endlyfor environment. 
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