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The developed membraneless vaporization unit coupled with flow-based
system was investigated for application to the quantitative determination of arsenic in
soil. The unit was designed to contain a pair of donor and acceptor reservoirs. Hydride
generation of As(lll) was occurred in the donor reservoir. The generated arsine gas was
diffused across a headspace to react with mercuric chloride in the acceptor reservoir to
produce hydronium ion. Subsequently, absorbance change of methyl orange in the
acceptor reservoirs was monitored at 530 nm. For determination of the readily soluble
arsenic phase, soil sample was extracted with 0.1 M phosphate buffer pH 7.5 by using
ultrasonic-assisted extraction method. For determination of total inorganic arsenic
including As(lll) and As(V), reduction agents of potassium iodide and cysteine were
investigated. The reduction was carried out before analysis using the developed flow
system. Linear range from 0.5-4.0 mg-L'1 was obtained for all extractants with good
coefficient of determination (r* > 0.98). The limit of detection (LOD, 3SD) was 0.30 mg-L’1
and limit of quantitation (LOQ, 10SD) was 0.36 mg-L'1. Good precision in term of %RSD
of 4.23 was achieved. The developed method was applied to soil samples obtained
from Ron-Phibun district, Nakhon Sri Thammarat province, Thailand and the certified

reference material. The recoveries were found in the range of 99.8-106.9%.

Keyword : Arsenic in soil Soil extraction Flow-based analysis
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1. 819UY

@13UY (Arsenic; As) Lﬂuﬁmﬁ\ﬁ@mﬁwuumLfluzi’ﬁﬁuﬁ 20 2a4lan Un19114ne
sy s Temfnnung wu Mddudagiaii lugranunssunaneaiauuas nisdey
t{n N9 nsuangUnsaiaianysaing grannnsINmil waztinenauaniilelst vl
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31887190DINNINNANBITINAE (TTUE

1.1, AMANTANINILNINLALLANUDIAITUY

4191y (Arsenic; As) Lﬂl&ﬁ’]ﬁ]‘ﬁl\ii@‘ﬂx Hiareznan 33 timinesnes 74.92 glg

1AaA 613 °C 9ANADNINAT 814 °C wazdiaaaandiadi -3, 0, +3 uay +5 aauynulslugl

a a a ¢

516)174"5 (Elemental form) wsalugilasilsznay (Arsenic compound) M@ syaUvae

9 q

a 6

(Organic arsenic) War@191YBUUNTE (Inorganic arsenic) @xm'ammmwlﬁﬂgilu
an9Ulsznausng 7 ﬁu%wﬂé’ﬂgim\immu% (Valencies) AawitnsaLaws (Trivalent:
As(lll)) T9azFendnanfirlus (Arsenite: As(IIl)) AULLLINURAZINALS (Pentavalent: As(V))
aazi3andnenfimium (Arsenate; As(V)) Tasransilsenavaasansuylugl As(ll) Haanuiily

Wanndn As(V) (9md lanysaurdmiyd & gnawmd wedansalam, 2556)
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iuu Funang wuansuyesnin uarluunauianIsonLNInNga 15,000 mg kg™ (Bl9at]

YEUAUeanen & HRTRY 1101488, 2562) IausiatilaIiANIyNIauTaNn1aNnanaiu

A oA A ] d‘ o ' dl o 15 ya { a
Wraus wiralin1gnqIusiiaainens arsuyiredesag liauazgnilantlaesaanuigiin
Auluglansansuyetiurisdaainnuiuiegs uazazaetinlan Weln191vdhuazding

THAANITUNINIZAEURNATNULRINIARDN (FUENT WIUNIT et al., 2557)
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183 mg kg~ %uﬁummmgm (Qundiey ilszninesny, 2537) wazsannlul w.a. 2542
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mg kg %qﬁummmgm uenanitlumedraiiednsluiuindanuides WUANINYEIRA
Tunazan wazludnuasnaldinisasaanuaisuyiduwnaoiu azieuliiudiudinainis
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e = Y yal ° . < = &

89ANTAN 7] AlARNsTMUAR NI g uANIINALANAMTUAY n1stwileu uas
NITUNTNTLANLLRIA1TNY IALATNINTFIUANTUYUAAIAINI1919 1 (World Health
Organization, 2018; 13¢N1ANTENINAI51TUE (789 B1nglun1Tus luussqnilaaiin,
2556; 19¥N1ANTENINYRAMNITH (789 NIUMUANIATIINAILANNITTLELNTIEAIN TR,

2560: 152N 1AAIENIINNITRILIAA DN LUSTB ﬁ?@qﬁmummmgm@mmwﬁu, 2547)
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R399 1 ﬁﬁmﬁﬁl?ﬂ’]u@’]ﬁ‘ﬂk}

B9ANT WAL ANNIATIFIUANTUY
a9AN7aunalan ﬁf]fqﬂ‘lﬂm Tdifin 0.05 mg L
¥ilna 1adifi 0.01 mg L™

NINATLANNANE ffﬂfﬁ;ﬂiﬂﬂ T3diin 0.05 mg L
vinLEnA 18difie 0.01 mg L™

ﬁuﬁﬁﬂizimﬁﬁ@mi@q’mﬁﬂ ladifi 3.9 mg kg™

BRZNFATNTTH

Aun sz lamlinennsau {adiAin 27 mg kg™

uanwteaaInNnIsagaAuuas

NEAINITH

NIENTWATTOULGY GTRE 131fin 2.00 mg kg

NITNINYAANUNTTN iisaInnistsznay Tdiin 0.25 mg L
nan13lseenu

andayaniniduiwresatsuyuasfyninisduideuaesansuyluy

a v A, ° Y o aa o ~ )
ALAIARXRNNNAIINN @qLﬂum'ﬂ\?Nﬂq?‘WWquﬁﬂq?ﬁI?Q@"J@ﬂ?quﬂqﬁﬂk} LW@ﬁlﬂum?mﬂ

o

AneN W19e3e uazilsniliussAuanndasaeansuy tnemnnzansuyeuvstiamuaniiF

v
val &K o

v v
azanaun1in A ialanalunisduiewlusssuafuazgadudngsenialading aeii

[ %

EZE X A dl % aal [ % o 1 a dl 1 a
AIREAIH ANAUTANAZN mmfgﬁmimqmmmw@umgmqmu waldlunistaetesiiu

. o 4 & :
FLALIANMIALNTBIANIUY uarTeazliszTamllunismauaunistuilenaesasnysia il
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2. ANANS A

n1sdiAssinaematanig lva uisnseszsinendaiugiuaenisivawuy

o

salutAnaunsoLiuaaBunnisldtiomud deluAdetiondavdnnisreanaiianis
Wangn Trytsznaunae 2 wallaAe atlaaduazundad@a (Flow injection analysis, FIA)
wasdmIuITeaBuiaAdue N aa4 (Sequential injection analysis, SIA)
2.1. ANAINAALAATURLUNRRE
wmadaTWadaAduasunadd (Flow injection analysis, FIA) lasun1siauaiy

AsaksnIAgY Ruzicka, J. WAz Hansen, E. H. (Ruzicka & Hansen, 1975) umatianig

]
o [

Anrzimaaldvendanannisandansazansfaacnadnllniaangda (Injection valve) 1u

¥ ! o

a o . = = s o o ~
Usumeszmay HLEINANIELARAINT (Carrier stream) F901LTUTLALAUA FANIATANY WID

u

ansazareiWines a9luaatvsaiiasnialussuuvie Nl duiiuAutnatsauIndnfae
am31N17 AN ZANLATAST NNIWIATmANHIENgsrLuAraAuTTx (Peristaltic pump)
7eUI9A17azAN8FMasNgaziinnfsnsranssia lutnisn sl renasifinnisuas luyie

. . o o d‘ a o‘d‘ a aaa ddg/ dl a o o‘d‘
AN (Mixing coil) iuanssanifiluzieausmmsnzanaziinUiizealau fananimei

Mnauazgnna lilgdansaadn (Detector) alil Asuanslunindsznaw 1

Pump Injection valve

Detector

Reagent (]D — (T

Mixing coil

Waste
—»

Andszneu 1 sruuataATLaz A A4

-
a ] =

AN w9551l Sn9N9, WIAAZED SAUANIUNAA, & LNFeNANG daATlsasl. (2561).
nswawatnsaluanassemeanuuldldidiadaniivuunluldaniumatianisinadmiy
A BuIuAIIUY, (LB BWUSB Y 1NN Tngie), N1anenAaATUATUN I a6,

NINNA.

2.2, \WAUATLAIULTLADULAATUBEUIARS
WAlATIAMUITEARUIAATURZWNAAA (Sequential injection analysis, SIA) 11w
QdAdl o a val o a 1 dl Y a &
Jangnimuinianmaila FIA liiaandnTudfuanndn deszuy SIA azldprauiames

AruAw l1391Ta (Syringe pump) Tigaansisasn siudas Inddudiiandusnan (Multi-



6" [

selection valve) Immz@mmalffhmLﬂud”]ﬁuﬁﬂ%ﬁ@Lm?ﬂmmi‘ﬁﬁmmﬁLmqwﬁlvifrmﬂ
(Holding coil) wdaudnlnauiuivienasy (Mixing coil) LLé’qmamﬁmm‘ﬁLﬁm'ﬂfngﬂwﬂﬂ@j
Fiamsaade (Detector) fiald Avnamaluninisznay 2 n1sldwmaila SIA daalunis
ﬂﬁu”ﬁmudw%mw@f]zv‘hmmﬂmzuuﬁmiuﬁﬁm‘uqum”fmmfauﬁmm'fmmmmﬂ?mm

s TR uUAad lININA913E FIA ansiann lantiunnsaadaNinadiueas

Mixing coil ~ Detector

flfee

Waste

Holding coil
Carrier ——— (T

Multi - selection valve

Syringe
pump Sample

Reagent

= = a o a
NWUIENAL 2 9L ULTANUITL AR LA ﬂ‘ﬁuﬂzuﬁ1@6ﬁ@

dl o o Y [ % a = o Qr ] = o

NN TR SN, WiaRaren SAUINIUNA, & INTeNANR dadslaail. (2561).
nswauglnaniuenassmenuuldlditieiaeniiunuuludsaniumaiianisluadmsy
ApgeFBuIAIIUY, (LB BWUSB Y 1NN Tngie), NuNaNeNAaATUATUN I a6,

NPINNE.

dl v a 24 a o L2 o
nnsuaNdNINeaIni1sdA e luaniusuianuiunlscansldsaniunis
a Y a ?:/ 1 a A dl o dl A 1
Anszvimamatianigluatiy uisesniily 2 wallahe NsuanienAuitionaniou waznis
Ay o A A |
wenyllandeEiamanciu
2.3.1. mpllAn1suenNandetiaidantinu (Membrane based separation)
WANNN9DINITUNAEINATALATANAEAINA NI T A1TNHBINT
a rdl (N -dl A 1 2 Z// dl [ [ a ndl ¥ 1% A&I
Apszimanunsnunsinudadaninuliviniy edmiumatiansuanansfisesenduitie
¥ 1
wandudamisautiseanidu 2 uun auginendild T

v

2.3.1.1. uiamnWadu (Gas diffusion, GD) @13638819gn1ILEA

g
e 1 a ¥ Z// a A dl ¥ a o 1 o dl
@ﬂmmmumquzmmlu (Donor stream) AMNUUNINENSAITNABINITILATISULNTUUN

AunsnunsenBialae el ngn s uanesiafl (Acceptor stream) AMNTUANIATATE)
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Aofuaslualiginresnsaadnnerinnisiinsiisald quUnsnlufanniadugie wansds
nnidszneu 3

Acceptor stream
/

Acceptor stream
~ Membrane

Ul

Donor stream -

(N) AINE1UL9 () AINANLIL
nwdsznay 3 aunsnlunannWadug il

Aun: Choengchan, N., Mantim, T., Wilairat, P., & Dasgupta, P. K. (2006). A
membraneless gas diffusion unit: Design and its application to determination of ethanol
in liquors by spectrophotometric flow injection. Analytica Chimica Acta, 579, 33-37.

1 b4
a [

2.3.1.2. wawatnaisdi (Pervaporation, PV) wlunnsuenianwemun

U

o dl o dl A 1

A
4?/ o a 24 a a a o
UL ANALARAN A TU NUNINANTTEANRUBILBLARNNIU

i 3y S a
N’]LW‘ﬂLLﬂﬂQ_IIM’WILﬂﬂ

=

Tneannzlungoin

o =

v
yetedasiatuaetlues Aeviuglnsninisuandwiumatiamesio
o vy vl : . g ¥, o | -
waduildgnaanuuyliidee3ne (Air gap) szndnsdaestsuazitiaidandiu giunsadin

audLnasdug i wanssanndsenay 4

Acceptor stream

Acceptor stream Membran -
Volatil | — Air gap
olatile analytes
-
Sample
(n) Awsuda (@) AWALL

nndsznau 4 ginsalinaudtnaisdugiin

Aun: Choengchan, N., Mantim, T., Wilairat, P., & Dasgupta, P. K. (2006). A
membraneless gas diffusion unit: Design and its application to determination of ethanol

in liquors by spectrophotometric flow injection. Analytica Chimica Acta, 579, 33-37.
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2.3.2. mpllAn1suend lldesendeitaiaantdny (Membraneless separation)

%

PANNITURINITULNAEINALATIAD A1INFBINITIATIEWA1NNTDTZ e L6
. o . - n e =
de Insdauiiilulanasansiisdasniminneiiiazsvinaainanssnatauaazanagsion

199919 Antiulavesasisianisinaziazundida lindgnsedunssuaessiafy uay

| o [ %

1 £ dl o a 6 1 tdl 1 o nﬂl A 1
NWUL“].I']ZQG]QB‘I?Q@QG’WLW@V]'Wﬂ’]?QLﬂﬁ"]ﬁVW‘ﬂiﬂ fﬂqﬂﬂ?mﬁlmzmaﬂmmﬂmﬂm@@ﬂmu

u

(Membraneless separation unit) W@assanInLsznay 5 dandanitmaiinnisueniianela

A = o P Y o o B a -
\ﬂﬂilﬂ@L@ﬂﬂNqu@\imqlﬁlﬂﬂﬂmuq@quﬂ’]?ﬂqﬂ[ﬂuuﬂtﬂ\‘]Lﬂuﬂqﬁ‘@@ﬂqlﬂqqﬂiuﬂq?QLﬂ?qzu

27(’

v
o o

a IS a o 1 a dl [ % :ﬂl A 1 a’lju/ I 1
@ﬂVNENNﬁ"WEN’]uQ@ﬂW‘LI’J’WLmﬂuﬂﬂqiLLﬂﬂﬂiﬂJﬁlﬂﬂﬂqﬁﬂLEI'ﬂL@@ﬂN’]uu?J\‘IﬂJﬁ‘z‘UUﬂ’]ﬁ‘ﬂqﬁlm

UIANANINNARANITUNNAN ALEAIABNKNIY Wananitadaunn ldaAseianssnasingle

MANTUTTILTY, VBAUNAIVTRUDIMAINTA (Choengchan, Mantim, Wilairat, & Dasgupta,

2006)
Lid Donor stream
rz /’
—
Volatile analytes 4SS Barrier
- =
Donor stream t
Barrier Reseptar
stream
() NANAUDS (1) NINAULIY

nilsznau 5 gunsninnsuani lusesedeidieiaancin

fun: Choengchan, N., Mantim, T., Wilairat, P., & Dasgupta, P. K. (2006). A
membraneless gas diffusion unit: Design and its application to determination of ethanol

in liquors by spectrophotometric flow injection. Analytica Chimica Acta, 579, 33-37.

3. MeanAEITuY A

1 v
sUnuuresasugausnifanisulasunlasldninaninwandan AeiiAIAN

duduisunnvasansuylunuieatpe lia 1 sn e iedunse uazn1sunsnIzane
¥ a Iy = = A Ada o A A

p9a 9l gdauandan sonlidennsgadnansuyaesdeladnle wesanansuynaeslu

slununuansneiuarigniasiinisazatenuansneii aeualin sunsnszansueanIy

dndAauandan uaznisgaduatsuyidngsaniafiuanseiu Tnelusssuand Wafanisy
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! A A o a A ' dl o 16 va 1 a a
nFauMzainIIvINaeiuireus ansuynnedesieglanuargnilanlaesaanuigiionulugd

299819 YaHWNE Laziadinisredshuazdanaliiianisunsnazanaansuygaeuondasn

ansuydauiiBandnansuynazanaeaninladne (Readily soluble As) dailuansuydauiga

Fuag UUNUEN99AY LazdnuAan1IgaTindgsenie douatsuyiazatseanunldenn

wragnfenisana ansuydiuiiunuazliidunmuseduanden T9a13ainTiagina o

o = A : o Ny
ansnaiawazuanieLENIuansuynied lugduuusing o iuls

ot uideninisAnsnatsanalunisainansnylunu wu luile.a. 1975
Yamamoto, M. (Yamamoto, 1975) #n13dAnmn1snsadnansuylunznen lusuwideld
ansazarenadntninessing o Wuasaisn falaawninesgniaanduaisainansy
Wududuusne potiAUANTRN AR AT UIIN A AWNANTLIANIY WAZYINNITATARIANTLUEN
wudnisldansazaranasminimefiluansainilsc@nsnanluntsaainasuy lua
Y P o e = . h ,
Fagazn1sARNAaLNe TudA.A.1979 Tessie, A. wazAuy (Tessie, Campbell, & Bisson,
1979) ANHTUABUNNTALATITUTLNEITRINLNNTAAATANLUUL AN A LT WAL TUE UFUNNT
weintavzdausng 7 lwnznew taenisldansavanalnnenesBnminmediduasaing
lasuaaudanldlunisadn ddsc@nsnanlunisaadinaisuy sendluila.m. 2003
Rodriguez, R.R. kazAtuy (Rodriguez, Basta, Casteel, & Armstrong, 2003) H9mgilseaas

q

=2 dl [ 3 dl = ¥ 1 ¥ a dl dgl
ABAINITANEN L‘W@[ﬁ]ﬁ‘qf"mﬁﬂ?‘ﬂ’]m@’]ﬁ‘ﬂk}%@’]ﬂ’]?ﬂ@jﬂ"ﬁﬂﬂ’]@?’]\‘m’miﬁ anaunluilaulay

a
v 1

a A @ =l s e, | Y o = , ~

2eudsMiduresuds ansugnansngaindnginanie ity sonlideansuydounazane
7 o 1 dgl a a a o dﬂl v %’ al a o &
Ihdnauargaduatuunuiioresnu Taaluanddeild i ansazanalananesfinninines
wazan7azatanad AN afIua17an e NNNITARAALNITIUEN 1 TATNG WARILATIZU
FtNATARUAARNAANIAANANA MR ATNILNTT (ICP) WUIIN1TRARFILRNTATANE
Waawntiines aunsnanaasnylinadeaaynishunaunangs uazluila..2007 Yuan,
C. G.uarAME (Yuan, He, Gao, Lu, & Jiang, 2007) lailszidiuasnisadinansuylufund
wane Inedasziinaaimaila HPLC-HG-AFS 3an19ariandsziduilsznassog n194in
pneinTLaein Nsanassans laing waznirannsasluinsinn anialaninimegannig
annatsuylunu Tngldiuazneanininesiduansaingusunisainuesansuylumu
A a = \ a = . aal o ! o v -
aatufaiNasiydunnggatn Tudiuaesisnisana wudinisanasielulasii

v Y o

Usz@nBnnign sevasunpenisannfadansnlaiing uazqavinaRanisaninseanisiaen
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Ay 8 A

==K ¥ v v IS a a Qi I dl ' ]
LLZ\]Zﬁﬂ\‘ILL?Jﬂ"]?Nﬂﬂﬁ]QHVLNIﬂﬁ‘L’JW@ZNﬂi‘ZﬂVIﬁﬂ’]‘W‘Vl@qﬁ] WANIRLAEAR HIUADUNENEIN Tugau

°

109413470 NuIMadw e iiasasarn1sAUNAUNANI1UEN lUNNIENFAR A

q

NNIANEINATNATATA LUNNFAN AR TUYAINFRBLNgAY Haae lAAaanFaunuans

u

o a o — @ = A ' L 9
mﬂﬁm@51‘fﬂuﬂr}?@ﬂQNW?MH@QHVI@Z@qﬂ'ﬂ'ﬂﬂmqllﬁ\if]ﬂ "NLﬂi&@’]ﬁ‘ﬁi&%d’]ﬂﬁ]ﬂﬂﬂ?@ﬁ%ﬂL“angj

a
1 2 ]

$9n1e newin limssifsssuunisinanwmunau e ldlunnsasadnilsuiuansmy

Tupu Usznausas U1 agazanalamanazdinntinines wazdasazaranazmninimas

v
& o

el o v o a dJ = o a dln = a a
Ineldisnnsannmiedans loing Teldunaunlunisaniivaundng wastdse@nsninlu

NN9ANA

4. 3En1sATIIAUTNUAITY

wmatanldluniasadatiuiuasuy arnisainliuanawmatia @y eznani

=

nuavgasniudilnInslninumns (Atomic spectrophotometry) BUAANNARNLAANAIEN

4

wadwlAtngwn? (Inductively coupled plasma mass spectrometry) wallawaidldua

a rdld v 1 o = a a a 'S 1 dl =
NITUATIZUNHNAINYNABN LU Nﬂﬁ‘ﬁﬂ‘ﬂﬁﬂ?‘wLL@ﬁﬂQ’]NiQIMﬂ”I?QLﬂ?W‘ZM@IQ LELATRIND

v
a o 2 oY = a o

ndiaualugl waziisnange aniagdieszisiasiiaoudiuinylunisinsme asdeudee
a o a 4 o d a4~ cz o £ y o a oo
naen Al uNATEINBNIUIAANAY arT1ANUTendANINAY LW N9l AlALARE
Daawlninsalnd uavganagauniAguIy
4.1. wadagddidasilninsalnil
1 a.d. 2007 Revanasiddappa, H. D.lazAny (Revanasiddappa et al., 2007)
lamsaadnatsuyludaatinaunasinsssuans au inlan wazuziaewa Tnaadanisvin

a o &

dffsenszudeanrsuguazinunadenlalalasluaniaznes lauandneidulelonuteas

a

gneaandladaatgianialaindu (Leucomalachite Green) WAAMIINNIAARINIAAINIS
panduLasfianaizasglantatlarinIufiaaueaa@n 617 nm nudra1unsansmada
Ussnmanswylilugasnanadad 0.09 B9 0.9 mg L' wazmmadnuiunmanswyldmngnd
AN Ndw 0.025 mg L' lulldenn T A.A. 2008 Pasha, C.uaz Narayana, B. (Pasha &
Narayana, 2008) Hmwfbvmm@mﬂuﬁq@ﬂ"miqmm@ Ttz ﬁﬂ‘ﬁqmﬂgmmwm@u 58
arnuain P wazviit Tnaendanimindjisenszwinsansvyiuinunadenlelelaslu
@qummiﬁmamﬁmwﬂﬂu%hﬁuﬁﬁmml@nmqaﬂwm‘ﬁmq%ﬁuuq (Toluidine blue) wazd
guyras Ts1iiule (Safranin O) uazvinNIIAmMATANNIRANAULAITARASTIAMNENIARL

628 UAT 532nm AMNANAL WLINANMNT0ATATALTIIMAN YA luTaamanudind 1.2 Da
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10.5 mg L waznmadniiunmuansuyldingafinnuidudu 0.308 mg L' iflanmaindas
ngdhuLg uazarusnmsadalTuiniansuyle ludosaanudindu 0.4 19 11.5 mg L uae
p3radnLiunmanswglangadi A 0.250 mg L ilensmadadauasniiule uas
1ud A.A. Rahman, F.uazAns s (Rahman, Chakraborty, & Das, 2015) ta&atAs1eH
Thiophene-2-Carboxaldehyde thiosemicarba-zone (tctsc) Lﬁﬂmm@%mwﬁuiﬁﬁaﬂﬂw
Tagandanisnaiuansdseneuidedausenang As(ll) AU tetsc kaznsadngnsdsenay
Tataw As(ll)-tetsc AANEN9ARY 281 nm WU N90R9933A TN uan syl o
AN 0.1 D9 1.0 mg L™

=

nnsmgaadnlinnuansyiiawmatiagIididaanininsalnd wudnlwnanis
a a‘d‘d £ 1 o = a o 1 1 o
TATzndANgnFiee uduen uaziiaonnlalunisdingied uinudndalitfyuiainans
FUNIUNL lWANBE NI N TUR LN IFTENAIFIRENANMFNABUTIIN TR
4.2. FTANARAUNARUN
nasnzadntiuinansuylagldganaaauniaauin (Test kits) T9ganAAaL

q

doulug)azyinnismsaadnasuyaaedsnmnlail (Gutzeit method) N13Asaadnazandanis
wasuasugduuiaens@u (AsH,) aaniuufsenfauazyindisaiumesaas (1) tuslued
(HgBr,) wasAaz(l)Aaalss (HoCL) Inas(ll)paalss (AuCl) viradataslumss (AgNO,)
Nnansdszneuideteuiidadeannisndanmlonqaniilan andaesneauias wu luil
A.A. 2005 Cherukuri, J. k&% & Anjaneyulu, Y. (Cherukuri & Anjaneyulu, 2005) lansaadn
ansuylusnadisinnun Taaldglnsniwauiawiuanginsanszuanuas e dasuuui
~ o o o A )y o= - a s a

Tiaedmiudeunsanwinasunlsdnsazateinasmaa(INiuslud nnsannsiasiiingns

AaaeevTadITazataNInsgIuansyadlurInginsensruen uaANNNdINzAuaznIn

b4

lalasnaasninailaauansuyiiunisgansuiungd 30 win Suiaenfuniinluaysvie

D

al 1

Tlvindgzeniuansazanawmasads()lusludnindaeueguuidunszaNida a0

o A = a A A a A
A9/ Iﬂﬂ@’]ﬂ’]?ﬂ@\ﬂ,ﬂ mﬂ’]?Lﬂ@ﬂuLLﬂ@ﬁ@T@Qﬂﬁ‘:ﬁ@qjﬂ’mqgﬁﬂ@ﬂu@qﬂiﬂm@Lﬂu@ L'Vi@”ﬂﬂiﬂ

auivduAannaIAuANIdnduTesa sy Auandlunndszney 6 Geganagauans

)}
b

o

mﬁwmuﬁuﬁmmmmwr’fmﬁmmmiwimumqmmm’.l’mTu 0.01 99 0.5mg L” Tng
ﬂg‘jﬁ“ﬁ‘mﬁ'ﬁmmaﬁmum? 1
AsH,(g) + HgBry(aq) —> AsSH(HGB,)z.24:)(S)/AS(HGBI,) g,t04q4)(S) + HBr (aq)
(1
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O]1O0]|0]|10||O||®||®

0 10 30 50 70 300 500
Standard color chart of arsenic in ppb

nilszney 6 FANAADLANTNAYIDY Cherukuri, J., WAZ Anjaneyulu, Y.

#u1: Cherukuri, J., & Anjaneyulu, Y. (2005). Design and Development of Low
Cost, Simple, Rapid and Safe, Modified Field Kits for the Visual Detection and
Determination of Arsenic in Drinking Water Samples. Environmental Research and

Public Health, 2, 322-327.

1l m.A. 2007 Baghel, A.uazAnie (Baghel, Singh, Pandey, & Sekhar, 2007) 16
g g g y

o o i I o N a a a o o
n9aadnaauy uines1einaN T lduiniideNuasnIneangIan NI aATENLA RNy
Feufsenfauniiatuazllvindfisaniuinas(iaselsdieguuutunszay Inaainism
dunanislasuuilasrasnszaneiazidasuaindmasaiudsuyausiog Asnanslu

dl ndl [ éj -dy o 3

nnilsenay 7 E9anaaauasuynimuIauiiainisanadaliuinanmy Inaldiaan
Wed 1 undusunismeaasuynianududugandn 0.05 mg L uaz 10 wind sy

[ 3 dld ¥ ¥ -1 dl a o nd”d a v
p3vadalTuNuaIy A AMENdY 0.01 mg L feeuddaiiiaauiduiedasasainnig
inasiaaalssinugnstsznatinasang uavatiinas(ilpaalssasnaiunanalisnan

a e 1 ¥ dl P o ¥ o a aaa dldg/
EluV‘]usLuﬂ’]ﬁ‘fJLﬂ?’\tﬁﬂ’ﬂu?ﬂ\‘i@]\im@L‘VlEIi_Iﬂi_lﬂ’ﬁ‘eLﬂ]ZWﬁ“ﬂﬁ‘Zﬂ’ﬂ‘LlLN@?WJ? Tmmﬂgmmmu

LAANASANNG 2

AsH,(g) + AuCl,(ag) + H,0(l) — Au(amwmq)(s) + HCl(aq) + H,AsO,(aq) (2)
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nwilsznay 7 malasunilasaasaasnaaales

TFRE Baghel, A., Singh, B., Pandey, P., & Sekhar, K. (2007). A Rapid Field
Detection Method for Arsenic in Drinking Water. ANALYTICAL SCIENCES, 23, 135-137.

1 f.A. 2014 Das, J.uazAne (Das, Sarkar, Panda, & pal, 2014) lAnaadnans
wylusaadaiiuinig Ineldnedenzdnanlnnenivlslalafuaznsadandnuannen

a = (2% o= a = s dl o o
waRadNIUNIATENLAARNTTN AN TN AT aNIUaTUNINITIUALNENNARANTTLNIU LAY

= %

RI3adAseTeLa U 2 95n A wWasAd(INTusluAuaz@anasiuingm §9nAnIg

a A o =

wasulasdaeanszanwiasilasuann A ud massgmsunis M asaa7 (1) lus b s

a o o [

wazanliiAdudndmsunisldtaneslunm dsuandluniniszney 8 aaganaasy

AU W IUE Tieausdivaasrinldiogn 7 winlunisnsmadnuazainnsnnsiadn

Fnnnuansvyle lugasaanaidadis 0.01 89 0.25 mg L

S
—a

Additionofreducing agent

Additionofreagent for
removing interference

Arsenic detection KIT

Fixing oflid along
with circular
detector strip

—

/ Occasional Shaking

Opg/L 10pg/L SOpg/L  100pg/L  250pg/L

Coloured strip (mercuric bromide)

"‘.._‘l/
Opg/L  10pg/L  SOpg/L  100pg/L 250pg/L

Coloured strip (silvernitrate)

A nwisznau 8 ﬁumummqmmmmumwwm Das, J.lazAnie

fANN: Das, J., Sarkar, P., Panda, J., & Pal, P. (2014). Low-cost field test kits for

arsenic detection in water. Journal of Environmental Science and Health, 49, 108-115.
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[

nnangaadntiuaIysaaganaaaL M on lmyiwudiannsadasziladne
= (G o o A Y , v o \
azAqn 990159 wifidaaaiaiasanuaniBunuatsuylaiiugesanududu Tdansnem
y = , %
seyATazidanLLuanle
4.3. WARANISIUA
v Y a o o om0 =
andanuardeidareamaiianldlunisnsaadnlsninany §atsasinng
U dl 3 ada [ dl Y 1 U a rdld
AENNNTNATNRUITENIIATIRTARTUYPN T8 a2man 91AYN THRANNTIAIIZINH
% 1 o = a a dI o a s 9 =
ANNYNFBY wiuen Hilsz@Aninan dsnisumatianisinanlseynsunld wanainazd
Y a o 1 v i’/ :// = [ v = o
ARAINANILAITU A1N1TDIINTURDUNITATENLAZNNTATIAT AN WA TuszuLLB ey
ann138NdalnemaTua19 AN warldlFuaanslun1samsiitasaatosaniF e
Rerley
4.3.1. madseensldinatianisluaivanisnsadaiunuansuy
Tp.f. 2004 Leal, L. O.lazmtu ¢ (Leal, Semenova, Forteza, & Cerda,
2004) limsaadnansnyludoetiaiiatlan dulan wazuiuiaia tnelszansdldimaiinnig
Tuauuusiasidaladelnaduianduszundda (Multisyringe flow injection analysis, MSFIA)
= o val a I dg/ % o 1 1 a a
warinawmnsruu i Al lunNe siunnTu Tee ldanssnatingluatusduniia
Anion-exchange resin fiauiazyinn1sasadnsalalasfianiuaisduesnaninngoniss
wudaninsaind (Hydride generation atomic fluorescence spectrometry, HG-AFS)

WUINA1M190A393 AT 9a Uy e TugaAsduduw 0.05 19 2.0 pg L wazanungm

|
[

neradaLTuauatTuyi AN utuaiga 0.03 ug L' anisdeatunsndinsiziilaating
@ = o o = o -
39045904 10 sausadalue ludsenn U A.A. 2005 Anthemidis, A. N.uayAfUe (Anthemidis,
Zachariadis, & Stratis, 2005) lansaadnansnyluriiainusiun nzaaiu uazinlszil Tne
dszgneildimatianislvauiy SIA fanfunisamadasatlalasdiauiuasduanandnnue
gasnduailninsininiuns (Hydride generation atomic absorption spectrophotometry,
HG-AAS) WudnauIsnmsadatiunuatsuyla lutdosaonududu 0.2 09 15.0 pg L' uas
=R

Au190A998 AT A Ul 0.1 pg LT anviadsannsnainsnzifliatnaemmiiang

40 F9UFADTIING WHLHITRITEULRAAIAININLTZNaL O



22

4 ‘a4
| ! 1 1
r L L
| AA
Sample
Al
"
A2
—— DB1 DB2
Rl W Purge gas
R2—m2

NNIENaL 9 WNURIRITLULANUITUNIIM9IAIRANTNYIDS Anthemidis, A. N.UAZATLY

#u: Anthemidis, A. N., Zachariadis, G. A., & Stratis, J. A. (2005). Determination
of arsenic(lll) and total inorganic arsenic in water samples using an on-line sequential
insertion system and hydride generation atomic absorption spectrometry. Analytica

Chimica Acta, 547, 237-242.

wazlu 1 A .A@.2016 Santana, F. A. D. LATANLY (Santana, Portugal, Serra,
& Ferrer, 2016) laagaadnansuy waas uazdailanluianas lnadseyndldinatianising
WU MSFIA $aufiunisngaadnsiag HG-AFS Wudnau19ansaadntsuinsansnylalugog
AMINDY 0.04 D19 0.14 pg L annsnmsadniiunuaisuynaududusnga lane 0.04
g L anvisdeanunsaiimnzflamaisang 45 sausadalug

o 1 a o Y & ! o dld o

ANFABENIUIRE uaaslIiiiNdIN19RIIRdR LTI A T NRN158N
wmatianigluannldwudnanuisadnszilasmiianintuuay 4 S un g e austasagyin
Tilsendinanldanalunnameid waznnsmsadnmog HG-AFS 13a HG-AAS @aiilusziiy
am TR lunsaaziansuylae lddeswsananssaatnanaunisagef anianisngaadn
Fnnaansuylugluuuansdseneulalafaufaanfunuanasnainatsazanadanenglu
gas-liquid separator tatitiuA218a NIz TuNIsATIaTRaTuy N1 lF sz UL IAsLIA
% d?j I a IS VY a o ' agll| ¥ ¥ di A
WanunauiAw o lun1sineziige ussunuluauddamaitreudvgeuazldinzesiie

A gy
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4.3.2. nstszensldginanluanansseimelunisnsadntFuiuansy

nstsegnelldinatianisluainanisnadniuinansy daaliaiuns
a 7 dg/ = a a 42/ a ¥ [~ dg/ %
WATIZALAI8NINTN DULANTAINHINTU 117D ILATIEH IS ININTY wazld
Funniniaaustasad N lddszundnaldanalunisamneydf wARaRa NN sawmuIsTUL

o = va o a I's dg/
nsagaadatTunuatsuylidauanmizuazacnlalunisdiaszdiuinau lnanas
dszgnefldginsnluanasszimalunismimseiansny andoateanwideay Tu d a.a.
2004 Rupasinghe, T. wazAME (Rupasinghe et al., 2004) lingadnaisuylutiannumas
1ns99nT5 Inetlszgnslldimatianisluauuy FIA souiuglnsnluanansssimanuy PV uay
1insnlalasmaasnuazlamaniulslalasdinamlasuansuyiduniaensau warfinniu
Funuarsuylaainnisnanawdaasiwunaidaslasuueniuaainnisgnsaadaoaus
o= o o dl dl 1 tdl [ d?l = a a v

ANFTU N1INITAIRIANAMNLIIAAU 528 nm WLINFELLNWA WU s2@nsnnlnaine
Aumalla HG-AAS wazatnnsnasaadaliunuatsuylaludasaaududu 0.25 D 2000

v
o o

ug L' anunsnmsadntfunniansnynaoisidudusnngn 0.18 pg L' aniedaanung

S o ¥

a 92 - = = P a A
QLﬂﬁ‘Wtﬂﬂﬂ\‘l 7 ?@UWQTQINQ LHUENT BT S UL AANAININLTZNAL 10 SUIRaUNLIaLdLAD

nsldginsainisuanansssmanuuldigiaimenciiu vinliesinnsnlautianentio

Elmp 1 Iv2 Detector
KMnO
R3 4 ® 328am [ Waste
NaBH, L

Membrane

\ I

HCl \ ] Glass Beads
L L\ , : —
o\ Pervaporation
HCI L\ RC1 unit — Waste

Pump 2
NNU9ENaY 10 WHUEIIBITEULAINTUNNINTIAINANTYUEY Rupasinghe WATANLY

Ann: Rupasinghe, T., Cardwell, T. J., Cattrall, R. W., Potter, I. D., & Kolev, S. D.
(2004). Determination of arsenic by pervaporation-flow injection hydride generation and

permanganate spectrophotometric detection. Analytica Chimica Acta, 510(2), 225-230.

ran1lul A .A.2013 Boonjob, W. uazAns L (Boonjob, Miro, & Kolev,
2013) lamaadaansuylutiiusiun Inaldudnniswaziian widszgneldinatianislua

WUL SIA W FIA 993 UgUnsnluendnsssimeuuy PV wud1adnsansaadniannaansuy
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T lutaaaaudindu 50 19 1000 pg L' uazarusansadnldunuaisuynaududu
° R -1 o [ % ¥ a

FNGAATN 22 pg L uNWiaae9ssuuuanissnntlsynat 11 aannisldmatianig lwauuy
SIA daalin1sduReudnetu mszansariudusruudntusiBnaouaudae

ABNNILADT

Standard 3

Standard 4
Acceptor =@=\\

P s B Waste
3 m & 3 sk Donor J
HC v v
- Pervaporation
cell

Standard 2

Standard 1

Air

Sample
Waste

Multiport
SP1 selection valve SP3 SpPs

nndsznay 11 wHuWia89ssULAMFUNNA299TAA131YIR9 Boonjob WaTALY

Ann: Boonjob, W., Miro, M., & Kolev, S. D. (2013). On-line speciation analysis
of inorganic arsenic in complex environmental aqueous samples by pervaporation

seqguential injection analysis. Talanta, 117, 8-13.

H A.A 2011 Butwong, N.ib@ £ A 0 ¥ (Butwong, Noipa, Burakham, &
Srijaranai, 2011) Vlﬁmmm”mmwgluﬁﬂmm@ Tnadszgnaldinafinnasluauuy SIA
sanfugUnsafuananssemeuuy GD uwazldnaalalnsnaesnuaziniuniulslalasfiile
Wasugmgduniaensiu uazamadadiunmanmylugleesuiaenfiuiaunalanis
723UN199717UL&9 (Quenching) g99A0uFuAaN A Ldrensauasialinesdsin
(Mercaptoacetic acid capped cadmium sulfide quantum dots, CdS-MAA QDs) NIN19
P31 aLaiLAEuuasTinanuEnaAdY 510 nm wudssLLANNNTaRIIaTAEH
vyl lugasnnnadudu 80 B4 3200 pg L uazanunsananadalsunaiansyiiaanm

duduagn 70 ug L' wnwiaaedssuunanssanintlsznay 12 9uidauiideidans neld

1 1 v
AnauFNAY Teaniufadiudunaulunisdanszy wagldaanun
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CdS-MMA QDs

\ R1
Acetate buffer M AGDtU R3
HCI cceptor
L solution Was \.___JAMM_ Detector ——W

NNUsEnay 12 WIUENIB9LULAIUIUNIIATIATARNTNYUBY Butwong WATARLE

IR Butwong, N., Noipa, T., Burakham, R., & Srijaranai, S. (2 01 1 ).
Determination of arsenic based on quenching of CdS quantum dots fluorescence using

the gas-diffusion flow injection method. Talanta, 85, 1063-1069.

o A o

o 1 a a9 al ai A 2 g
ANAIBENIUASY Hda@anmieauiupe N7 ldgUnsniuenanssvive iy
IEaiaaniiw M ldFasinsldaawdialaandiu Wesainigaidaniiuenaiansgasii 1
dunsinAnldanelunismwmenzd
Tt w.d. 2561 wassny $nd19 wazAuy (Wassml Sndnd et al., 2561) 1oy
o 1 o & 1 v dl A 1 o v a s
Winunszuunasuasaniugnsniuanatsszweanuuldldite @andud uiudinenzi
Usuransuy Tnsgunsnfuanansszmannuldldigeaeni unwWmuIaL wanay
nwilsznau 13 auatasresatsazatadaligneaanuuulidilfuinsunau inldauns
[ 72 o/ 1 v d?j ] va a I's d?j ] v
sasfunnsldansdaatelannnau denaliianulalunisdiaseiunnau inldaiunem
a [ ¥ ¥ é 4 :// o ! v v
Baszfluszaunududusnadls wanantudinudiniseanuuudasaesaisazans
o o ¥ [ v o DdJ 1 al a A 1
Aofutauatiuludonaetansazarafalyl Teazdoainisz@nsnanlunisundaasans

szl vinlgUnsaimwaunautilss@nsninlunisusnuaziaaanlalunnsimszd



26

«+— Air vent

=

C <+— Donor

Acceptor —» P | in/out
in/out

nilsznay 13 gunsaluenansssmauuylildie@endiuaes inasimd fndne wazmne

d‘ [ 6 o Y [ % a = [ 3 ar ] = e

N sl N9, UIAazee FAUANIUNA, & INTeNANG dar3leail. (2561).
nswawansaluanassemenuuldldida@eniiunuuluisaniumaiianisuadmsy
AAgzfiiunuatsuy. (U Bnusi By umnindgie), uunanandaATuasunsalem,

NINN.

S UUNN AU TUTUI UL T AN AN DI NTUADUNNTLFTENLALNNIATIAT A LA S

o= 4 a o o dl o ‘iﬁl as
@WiGHHMW1QﬂWEsLui$UUL@ﬂQﬂu FLULUAANAININLIZNBL 14 FEUUNNRU LT UIENT

] o

GRS Uanansitsar Ansaaszd Wuanisiinsziiisnda a1unsonsada
UFanouarsuygldugasnanududu 1.0 fs 4.0 mg L Weshgaiianunsofinemeiiliun
16 (LOQ, 10SD) Winfiu 0.703 mg L AN ANLLTIEaTRIARALATIE (%RSD, n=5) WAy
4.560 1o figusl muﬁ@”ﬂfﬁm”ﬂi:qﬂmﬂ%’@xuuﬁﬁ%uﬁ%ﬂummifmf?mﬂ?mmmmgslu

foatitinaauniuNIaInUey e idumlesusaynuinen lugneseuiyatd 4amdn

WAATHIINIT WudRFREavnsAuNALet luTaeFatas 80.6 11w 102.9
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sV PP1
Water

PP2
|| \l » Waste

Std./Sample

Mixed HgCl, /indicator
B &

P on )
NaBH, H,0

HCI AC B sv2

MC

MC

D hwwww——
MC

530 nm

nwilsznay 14 szuunisinasaniugdnsnfuananssemauuulilditedeninuaasings

o [

A1 NT9 AT ADLY

(SP = la39A1TH, PP = wa3amnamnilu, HC = yiawn, MC = viauaN, SV = 3119149 4
N4, IV = BUARATUINRL 6 N9, MSV = 8-WasmNam InEdudLand1a1aq, DN = 41385a0e

Ak, D = Famgaadn)

AN w9551l Sn909, WIAAZD SAUANIUNAA, & LNFeNANG daATlsasl. (2561).
nswauatnsaluanassemenuuldldida@eniiunuuludsaniumaiianisuadmsy

AAszfIiuuatIuy. (LB Bwus By i indgie), NunanandaATuaTunsd e,

NIUNNA.

4.4. MsnsaadaLTNIMAITUYaIUNS EIuNeA

dl a o A a a o a o A
@Wﬁ‘ﬁl&ﬂwuﬁluﬁﬁ‘iﬂsﬂﬁﬁLﬂuﬂ@ﬂﬂ'ﬂ@’]iﬁlﬁhﬂuumﬁ‘ﬂ ﬂWGﬂQLﬂu@W?MHV}NﬂQWN

dudunnga senavsasansialui(Arsenite, As(lll) wazafiaiun (Arsenate, As(V))

a o

A o g9 o £ o a = o
LW@mﬂmzuumwmuwumqmmﬂ?mmmamﬂmuum Manne deiunamuang As(Il) nu

As(V) 18 sxtiuazFasainnnamadn As(v) lame lunismsadatBunuansiydnudanig

v

1 1 1 v
fendaninidasu As() unfde15@u warnadauiaa1fauninaln Feduassaad

1 v

N32UUNN570%F As(V) WHTlW As(Il) AAUNNNITAIIRTAGILITLULNWANLNTIL
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TnevidlufaAadnnan 1 luniniasy As (v) il As (1) Aelnunaidaslale
lasuasdaman faat1991uidase 1w lul A.@ 1997 Nielsen, S. Wa¥ Hansen, E. H.
(Nielsen & Hansen, 1997) lem3aadniaunns As(l) waz As(V) Iaeldszuunisivuaunuy FIA
$qufUNIIATIaTAAE HG-AAS AN19¥N1IMARes1FAe nTAuaarasindudu 0.50%
wiv), Inunddeslalelamdudu 1.0% wi) waznsalalansaaasniduds 4 mol L' Iag
ﬂﬁﬁ?mm@?ﬁﬂﬁuﬁﬂ:ﬁmﬁmﬂﬁ’mw%’fauimﬂmi@jmmmmmmzmﬂmmmﬂu’éwﬁﬁﬂu
Sauiiguvgil 140 °C ﬁiﬂﬁuﬁ@ﬁmmﬂuﬂ'wﬁﬂ Hufignuuafl 10 °C dewdiarensada
HG-AAS Tuanusfinnsinsesiianig Asll) g1unsasinldlussumndesnfulnglidaslden
dndaunazenaindu A lanunsatiemeiliunn As(ll) way As(v) 18 warluil o
1992 Chen, H.uazAnuz (Chen, Brindle, & Le, 1992) sinnns3padiulaau As (V) 1l As (11l
ewiinismradnasuyson lalasdiauiuaisdu Inglduea-Gaman 5 mg L lunalusin
0.01 mol L 45U pH windu 2 uaaldaainfauduman 10 wai uaninznaaai
mmmuﬁmm wudnanunsawlAasy As (V) il As (111) et anugnd

Na

ANNAIBLNNITUIAY WLIIEINT0 TR A ”melu As(I11) 1@ naunINIg

o A o o a a A oo v
MTIVA mmmm:mmimqmmLL@zﬂizLmuﬂ?‘mmmmmmg@uumﬂmmmim ok EI1®

a

wandnu Inunadanlalalasuazdamanluniszanad As(v) Wiy As(ll) Aauninig
[ b dl % d?/ 1
ATIATAANEI T LN U2 1

5. 1521 AUUDINUIENWERILIT U

TR
a v a A

AINNINLNIUITIUNITNLA AT T R gades fAdaflannanlafiagimun
Fnammadniinnanmylusetieiu TnemmununainauddeFeansimunssunnis
InasanrugUnanfusnanssemeuunlildidedentmudmivd inssifunaasy (was
sl $ndg et al., 2561) Gan1sldainanfuanansszimenuyld1didedentdu a1l
fymsunisgasiulazanaldanalunisimmed arunsonmadaisunsarsuylaluse iy
ulnsniusiaans aniedelifseaunnigunsaluanansszineuuy e dendiuan
Usegnaldlunisimsziifuiuansnylufoainamu Tmﬂum'ﬁLmﬂwf@uﬂ?ﬁlﬂummg
Hunfaenfiu Sastadldandfiradsndussauns (3)

As(OH),(aq) + 3BH, (aq) + 3H(aq) — AsH,(g) + 3BH,(aq) + 3H,0(l) (3)

2] = a a dgl o aana o M| A o
LL@ﬁLLﬂZﬁﬂﬁﬁ‘sﬁuWLﬂﬂﬁlu'ﬂxﬂﬂﬂ{]ﬂﬁ‘ﬁl’]ﬂuLN@?@'}?ﬂﬁ@ﬂiﬁ‘ﬂﬂx‘]ZﬁNﬂﬂﬁ‘ (4)

AsH,(g) + 3HgCl,(aq) —> As(HgCl),(s) + 3HCl(aq) (4)
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nanlalnraaaInasllaunadued N NaaaLIus Lazaadanisilasullasandmanaily

=

= = ~ Y dl a - & =
AULAYIANNLARL 530 nm ArtitATasallnlasinlaNimes wanaINiuNIIANEINATEIANT

annlunisainansuyandaatnemu dmiuainaisuynaranaeaninlaide wazwmu
seuulianunsnngadnlFuiaia suyeturseiaun A L8 IneAn1an19EluNN935T As(V)

1 b4

Walaswudu As(ll) AauinldAwazisaaszuunisluafiimuna

v o 2% dl ¥ dl o dgl [ 3 2
[Hdaseanisnazdscensldszuunimuiaulunisnsaadatsuiuaisuyly
o 1 a ~ a a o a ~ o !
Finaeinanu e Lt lun1smamIN LL@Zﬂi‘ZﬁLN%?%ﬁUﬂ')’]ﬁJLZQEI\‘I‘IJ'ﬂQZW?VH LW’ﬂu']yL“l_]@lﬂ’]ﬁ‘ﬂfJUﬂill
dﬁl 1 ¥ 2 o o 1 Ql ! dl o d?’ o
mﬁ?ﬂmﬂ@ummmww@iﬂm QQ%‘WNLﬂu@m\‘lmmizuuwwmuwu%mmmmqmm

Ysnrnansnylidng azaon uarldszdnsnn Wnanisdimszimiaonugnaas windd

al a '8 dl o
hATH mmiﬂumimmﬁw Tusnandsendn
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BANHUINUIAELLaaNTTY

1. gnsnl ievesile uazannaiildlunside
1.1. QﬂmaﬂmzLﬂ?ﬂqﬁfamsﬂumﬁﬁﬂ
1.2, il lunsiee
1.3.M9FFENATLA

2. AAuliunnsiay
2.1. n9iuFaL g
2.2. NMIANARNIUYIINAUAIBEN

2.3. An®1an19zn1IMaaeINMunzan 4 uiunisiiasydaisuyluans

2.3.1. TUAVAIANTANA
2.3.2. AnudduaeansslalnsnaeinfildlunisseuuRaen e i
2.3.3. AnndudusastnfentusTslalnssild lunawieautaen
2.4. ﬁﬂ‘mmﬂﬂ?q'ﬂummﬂugﬂmmm{mLu‘w (As(V)) Tt lugiaasans
vt (As(IIl) ienTRsaadaLs AN TR TR A
2.5. ANHIAMANHIENNNILATIZUBTLLLATIATALTNIUANTUY

2.5.1. 199N ANNLdNduNA1E91 (Working range)

!
a o o o

2.5.2. ANTIARNARRNEANATIATALA (Limit of detection, LOD)

| '
[ A

2.5.3.ANIAANARANGANAINI0ALATIZILS (Limit of quantitation, LOQ)
2.5.4. AHNENTR9I LML (Precision, %RSD)

2.6. ANHIANITUNIUNAINAAAN1IATIATALTNIUANTUY
=S o a aid ] [ %

2.7. AnwaresadrlsenauluhunisenisnsadnlTunna sy

2.8. nnedszensldlusaet19hin uazn19lsziiuANgnaeIred3anig

ATz
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1. gilnsal iA3asiia uazasaRildlunsiae
1.1. gnsniuasiptasiiafldlumsise

1. 1p3eeainin s Tnlmad §1 V-1200 a1n U3 N Shanghai Mapada
Instruments, UszimnAa

2. 1A3ReTaR 10T (pH meter) 331 FP20 a1nuU3%¥ N Mettler-Toledo GmbH,
trznAlaadu

3. itesdantneaziBan 4 Aauvs 71 AB104-S a1NUTEN Mettier Toledo,
UszmAadsTasuaus

4 1A309NIUANTAZANE 14 Framo-Geratetechnik M21/1 a1nU31¥N Framo
Morat, UazinAlaady

5. lafFatly (Syringe pump) AMNLTEN HAMILTON, szinaauigaiaand

6. INeTEaRNFNITY (Peristaltic pump) AaMNLTEM Ismatec, UseinAlaasi

7. 8-wasmian inddudiandianaa (8-multiposition selection valve) any31En
HAMILTON, dszinAanigaiasni

8. 4-1NHATTTII18 7 (4-Way switching valve) a1nu3En UPCHURCH
SCIENTIFIC, UszinAanigaiasni

9. aaa (Flow cell) aanu3sEn Hellma, UssinAlaassiiu

10. iananasnaialnnew (Tygon) aunmduniugugdnatanialy 0.76 mm
WAz 2 aduEnuAuENaIIneuen 0.95 mm

1. vienaannsnamnany (Teflon) 38 PTFE (Polytetrafluoroethylene)
U uAuEnaanieli 1.0 mm

12. gunsnfuenansszmeuun i didedentnu

1.2. @15Vl lun1sIae

1. WNARBLIUS (99%, C,,H,,N,Na0,S) a1n1i3em Merck, Uszinaieasdu

2. wasAanaaalas (99%, HgCl,) AnLdsm Qrec, szinAtinTuais

3. lmpaulansanlas (97%, NaOH) annL3sn Merck, UszinAlaassiu

4. TnpanTulslalase (97%, NaBH,) anwidsym LOBA CHEMIE, tszimadulag
5. nsalalnsmaasn (37%, HCI) anL3EmM Merck, Useimeiaassiu

6. anslatin(lilaanlas (99.5%, As,0,) AMNLEEN Merck, Uszimalangiu
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7. upadaN(l)Aaalss (100.5%, CaCl) aMnu3¥n Ajax Finechem, Useinp
TTuaus

8. nailidas(Fainm wunslainsm (102%, CuSO,.5H,0) ANLFHN Ajax
Finechem, UssinAllaGiuans

9. B9A(INFa W m 1awmnzlaimsn (99.5%, ZnSO,.7H,0) A1NUTHN Merck,
tsznAleadu

10. uAnlan(haaalad lansn (CACL.H,0) annu3Eyn Ajax Finechem,
UsemalinTuaus

1. an(asdinn laslainsn (99.5%, C,H.0,Pb.3H,0) annuUTHyn Ajax
Finechem, UszimAlinuaus

12. lasau(i)paales uaulansa (99%, FeCl,.6H,0) anwiFEn Qrec, Usina
TTuaus

13, ThanwaawnTutuudn lalawmse (100.5%, Na,HPO,.2H,0 ) a1nLi3Em
KEMAUS, UszimAaadinsiag

14. laTgpanlalasauaa s waulansa (100.5%, Na,HPO,) anU3Hn
KEMAUS, tszimAaadingias

15. nunadenlalelas (100.5%, KI) aanu3En Ajax Finechem, Usein
TTuaus

16. NIAWBAADBTLIN (99%, CH,0,, Asc) AMNLFEN Merck, Uszinriengsii

18. WAR-TALNDY (99%, C,H,NO,S, L-cysteine) a5 HIMEDIA, Uszina
GG

19. n9alupian (65%, HNO,) ANLEEN Qrec, UszinAtiaTiuaus

20. 41981989N1MTF1UAY (TCLP Metals in Soil, certified reference material,
CRM) a1n13#¥n Sigma-Aldrich, Useimadauigalaany

1.3. NSLATEANFTLAN
1. @19z ANeLNRaaaLIuAdNdW 1000 mg L
siaeslnefaliianalsud 0.1 g aransdaeninndutlmAannlenauuazdiy

17u1mTaUATL 100 mL

2. A13AZANELNTNADDLIUADNTW 30 mg L
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wignTlaetidmufiaaatsuwa 1000 mg L' (lude 1.3.1) 3 mL wazdfu
1f7u1mTaUATL 100 mL
3. dnrazaneiesAIInAae lasdnds 1000 mg L
e T e HgCl, 0.1 g azaradaeinndutlsaannlensuuazil iy
17u1mTaUATL 100 mL
4. A7azananaNiNesAYTNAae lamidudy 300 mg L uwaziniiaaalsudidudu
30mg L’
wirauTaatinln HgCl, duduw 1000 mg L (luda 1.3.3) 15 mL wazililes
wWiaaalsuadudi 1000 mg L' (luda 1.3.1) 1.5 mL asluaaadnfunmsawis 50 mL wag
Ui Bunnsdasvinndulsaannlenay
5. lmpeulansanlamidudiu 0.05% (wiv)
wiaeiilneifs NaOH 0.05 g aranedeindulsaannlensi 100 mL
6. lmpanlulslalnsmidudu 1% (wi)
PETOCILR NaBH, 0.5 g azaneinae NaOH idudu 0.05% (wiv) (luda
1.3.5) wazdsudsuamaauasy 50 mL
7. nanlalnsmaasnidudu 0.6 mol L
wiaenlaeaas HO! Wadu 0.25 mL adlutinnduilsaannlesey wazilsy
17u1mATaUATL 50 mL
8. lmpanlansenlosmdndu 2 mol L
wiseslngds NaOH 2 g araadetindilsaannlansu 25 mi
9. ngatanaTnINdw 5% (V/v)
wisaulnamag H,S0, 3.1 mL adlunnauLlmaannleseuFung 25 mL
10. #9ATANENIATFIUATMYANTU 1000 mg L
e lne g As,0,0.132 g axa8#28 NaOH 2 mol L™ (luda 1.3.8.)
1Bu1me 5 mL wartlfuiFunmsdag H,S0, Mudu 5 % (viv) (luda 1.3.9.) auAsu 100 mL
11. @1902ANENIAIFIUANIUYDNI 100 mg L
wranlaadidnansazaneninsgiuansuygidudu 1000 mg L' (lude
1.3.10.) Y3umg 2.5 mL Lmzﬂé‘”uﬂ?mm'iﬁfmﬁm@;uﬂmﬁmﬂiﬂ@famumu 25 mL

12. 41902ANENIAIFIUNANIUYDNT 10 mg L
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wranlnethdnansazateninsguasugdndu 100 mg L (lude 1.3.11))
1193 2.5 mL uaziliBunnsdasrinndulsaannlessuanas 25 mL
13. 4190ANNMIFIUAIVYENTI 0.5 1.0 2.0 uaz 4.0 mg L
wisenlnatidnansazanauinsgauansuydudu 10 mg L' (lude 1.3.12)
11 1.25 2.5 5.0 uaY 10.0 mL Assy uaziliinBunnsdastnndutlsaannleaeuannsy
25 mL
14. gnsazanananwntinwes pH 7.5 lWND 0.5 mol L
Tagda Na,HPO,.2H,0 11.8 g uar Na,HPO, 6.5 g axA A28 NaY

1AanlaaaulazdsuiFuinsaunsy 250 mL

2. 38ANLUUNI5IE

2.1. NMSLAUAIAEINAY

1
o a

naaiudetneauinlataanisldnayeauiduglfnantlszann 15 wuhmmg

q

wasaniuiuau e ldwasusshudnanga (Arucan) WWlaauiiuusumuilszan 2-3

1
a =

UAINAT AudIiuugu AunliAusausanldne udafiuiiguund 4 °C ileaziiug

1 o

Apsziisiestinfetineeanuise il g ivinAuguundveeneuaiiunisludusaeld

k1l

o

(zﬁ’quﬂﬁwmmmmﬂﬁ@m@ﬂmmﬁﬁu, 2562)
2.2. MFANARITUYANAUAIDE

1. ﬁqﬁmﬂwaﬂﬂ@u%mmﬁ 90 °C Wwaanetheties 24 dalieannsdurinan
ualiazidennaeinge LAY UNINAZILNTIUIA 100 um

2. FafnmeneAnuAazEeA 1.0 g ldasluann centrifuge 211a 50 mL LAILFN
An3aPLENRAT 20 ML wan g AudaeLAieq vortex

3. i lUlafndaeieieq ultrasonic Wuaan 1 42lus annturirllugnansadn
druiladneasaaTiuviesiinanuiia 3500 rpm {1981 15 19

4. dausndaulauda vnsadndidaeansainiFunng 5 mL an 2 A

5. tihdaulanldannnnsainrianueldasluanniniFuinsauna 50 mL uwdatiy
TNRIALIAIATIA

6. NIIANTIATAYFIDELNNIUNIZABNTEITUNA 0.45 um neun ldTmsef

[

FRElTTULNWALNTL (Rodriguez et al., 2003)
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2.3. ANMIAN1IEMINARBINUNIZANEINFTUNTIATIZNEITUY I UATAN R

o

Y all [ aa [ o 1 a ¥
A1 f;mmmmuslf-m%wmumﬁmmmmmﬂ?‘mmmwﬁum@mmu e 1

a o a o A

TZUUNN mmmmmmqwLimm?‘W”rmm@zuumﬂméquﬁuqﬂﬂmﬁmﬂmﬁzmaLLuth

HEaidaninu sangnslunIntsenan 15 Aa1AUUe9n19M19uAana A9 lumn1379 2

Computer 1
—

-

Computer 2
j
;‘T

‘ PP1
MC —

Water

|
|
|
|
ﬁ
SP

v

Waste

Std./Sample

MC 530 nm

NaBH, H,0
HCl

MC

2 s DN ‘
[ ¢ mseed

| | svV2 v
b4

nwdsznay 15 szuunisinadaniuglnsniuenansssmeuulildigiede nanunmuau

v

Waste

<
Waste <

(SP = la3adtly, PP = me3amnamnily, HC = viaWn, MC = Wiandu, SV = @71399140 4
N4, IV = BUARATUINRL 6 N, MSV = 8-WaTANAR INGTUTLANTUINAL, DN = 41782a"8

fialii, D = AaM9IR3R)
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F1979 2 ANALNIINNIBTesssuLNg adaniugUnanluenansszvanuu il e aencin

TupauluniAIzyd

SamesananntTusad 1 (PP1) uaz 2 (PP2) Wi Twawdnssunieuinnng
NARBIRETNAINNAZANATLIL
c;]m'ﬂmiqmﬂﬁul,mwmﬁﬁﬂmﬂmni@@@mm:ﬂﬁmﬁﬂmi@mﬂ%umﬂﬁlﬂu@uﬁ
WFtINAN AN IR BN AT ANIa luLA Az 899 AR INT T UELanT1URNEan (MSV)
AnANIaANAN HgCL,100 pL dnuduandinnga (IV) uas AATT9N AT 2
(SV2) idnaansaranaiag udallamesdaanaantusad 1

wireNwAgeNF U IneRe HCI 50 UL (Wash 5) A190ANENIRIFIUATTUY 225 L
(W 7) NaBH, 200p L (Wa6) a15aza18NIATFIUATTNY 225 pL (Wasn 7)

a o A

NaBH, 200 uL (Wai 6) hay HCI 50 uL (Wain 5) andafwddudianduangn

!
A o

ANNANFUNINYARN (HC) waaNan i fanas 3 luglaTa9naasiaf 1 (SV1) 1

D

) Y

diasansazanadali inanisunsaesuiaensiuligaisazanesiniudung 2

=
UM

'
o |

WNUATTIAF9N 2 uazilawaianianntTuson 1 e liaisazanasaiud
qursasatinmslnindimasinerinnisngiadn

a A & o dl dl =< o ¥ ¥ o ¥ !
NHUAITTIIAIAIN 1 IiNBAsaIazaesaliandagansaratuialiiaang

FALRIEATN!

1 v
=

Avszuudeansazaasn llaeuyualsdennaasian 1 uarAsinaINnem 4 1a

v a a o A o s v

arnddudianduandoudondnlifanesn 3 drddaaansazanadaly aaniiu

v v
s o ° v

WUNUARTTINADFIN 1 INDAIHNANANUQNATazaEsa aangn 1 musT

v
) 1

[l 1 14
unuBUIRATUINEY LazUyUAdTTNaaFaN 2 e liindngdasansazans

b

v 1 v 1
Fadl Aantunyuadrdnias e liiidedigirsesalninsinindinaseaang

FAlaLAIEATN!
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uazvinnsAneTadendenasionistiasziansuyluausasscuunisnasenans
WaFNAssia L

2.3.1. TUAUBIRNTANA

1%

miﬁﬂ‘mmMfaqmmﬁmﬁlummﬁmmwmmﬁqmﬂ'wauif glaaan
o [ % dl £ [ dl o .
faunuansaianazldlunisadnaisuynazataaanunlaine(Readily soluble As)
1svnausag U1 a1razansldpanasdmainines uazansazatanagmpinimas Ias
FIINATTATANENIATTINANIUYRENDUW 0.5 1.0 2.0 uaz 4.0 mg L Tuansarimunanil few
1 ld3ipsssisnassuunisiva
2.3.2. pnududuaaansa lalnsaaasn

NM3ANHIAN1ENIMARBITNIUNIZANA TR 1z iaNsuY lusDaEng

'
al

Auludaunfiuasanisnanuiaensu gadarianisAneinaadamdNduaes HCI finanu
dndn 0.5, 1.0, 1.5, 2.0 uaz 2.5 mol L fignsazatennmsgiuasgidudu 2 uaz 6 mg L
2.3.3. Audindureslnpnaniuslslalnes

NNIANHIANENIMARBITIUNIZANAIMFUNTAT 1z aNIuY luFDaEng

o

a P A : a o o= 9 o = I A
ﬂuiu@QUVINN@m@ﬂW?N@mLLﬂ’&@W?eﬁu @J'J%Wﬂﬂ%‘ﬂﬂ‘]:r’m@ﬂmﬂ'l’mL°]J§J°]Ju°ﬂﬂx‘l NaBH4 N

ANdNdW 0.3, 0.5, 0.8, 1.0 waz 1.2 % (wiv) NarsazaunInsgIuatsudndu 2 uaz 6

-1

mg L
2.4. Ansnsilasusnsuylusduasanfidun (As(v) et lugluasansis
4 a; [ % a o :;
Tun (As(II1)) L‘w'am'a‘mqmﬂﬂ?mmmmgauumﬂmuuﬂ

v |
A oo

nsANEIN1IRgIAdaL BN AT tuviTeEaNe Baidunasanang As(V) fu

=

As(Ill) 110157798 As(V) Thasudu Aslll) AeunIn19RIIa9 R8s UUNNMLNTL Tasl

1
aa ¢ A

4N192N13309%F Nvaan b lewn Kl 0.5% (w/v), Asc 0.25% (w/v), HCI 2 mol L way L-
cysteine 5 mg L™, HNO, 0.01 mol L 15Ul pH windu 2 Msaasantnzssanlugaisazans
Nmsg a1 sudndu 0.5 1.0 2.0 uaz 4.0 mg L udidnldaenfaun 110 °C dluan

a o :’/ o :I/ P dl a v B Y dl o Adg/
15 U ummnuummmﬂmﬂummugmum ﬂﬂuuﬂﬂmmnwmmwuwwwuwu

(Chen et al., 1992; Nielsen & Hansen, 1997)
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2.5. ANBIAMANHAULNINITIATISUTBITZULALATIZULT N TUY

nsAnlszAntninaeddsnisnadaliunuansuyainszuunig lnasauiy

gunsnduanansszwanunlildigiadeninuiimunau azAnwdez@nsnanludusng 7

%3

Sasia i

2.5.1. Frapnuanududuiilday (Working range)

2.5.2. ﬁq%mﬁﬁﬁmﬁqqmﬁmqﬁmiﬁ(Limit of detection, LOD) A1149014aNN 3
wiwmz@'qw,fimmummgmmmﬁmmﬁmuumﬁmn‘&uﬁﬂﬂLmulumumuﬁumwm

nINNIAIFIU

= o

2.5.3. A13AANARAIGANAINITNATIEW LA (Limit of quantitation, LOQ)
AWIATN 10 winesdaudaauunnsgiueesdayaynuuatd aantiui duniluaunis
AunsereensnNInggIY

2.5.4. ANINEaU89983LAT12Y (Precision, %RSD) A3 4ANA T TUNUW

[
v
o

1994190 rAENINIF A TR EeANdNdY 0.5 D19 4.0 mg L Avsdinduay 5 4
2.6. ANMA1TTUNIUNAINAABNITATIAIALUTNIUAITUY

NN9ANEIAIITLNIUNAINAARN1TATIAdA LTI uA I YazIAN laaausig 7

2+

lawn ca®, cu?, zn®', cd®, Pb” war Fe*' adluanuImssuasnududy 2 mg L waa
3 4 g

o a

' dl o dp v K = o o . .
UTNIIATICUAILTEULUNWENUIUU LAVANIAAANNAAITNBANU (Tolerance limit) Tng

)}

o o

ApaiAANaaNW LAt ey Id A st mmLﬂi’uﬂi’um@q%@@uﬁLﬁumiumimmgm

1 o

waq bl Wid ey syraun lduanst9andny i ae9asnIng g1 NN TR AN ALY
HEUUUNIRFIU (+ 3SD) 1R4ANTASANENIATTIULTAND

= J a a‘aﬂ 1 a

2.7. AnwnarasasatssnavlunuyiisnanisasiadndEuiuasuy
[ % a dl a dgl 1 v a dl = 1

nannsasaadnatsuyludunifistuaaldlfinainatsuynaulaievasing
al 1 al & dl a o % o ] dld I a =3
Beg wianaluaaeseslsznaudulumu vinlinanisnsada ldiduliauniagass A
adufaalnisAneInansenuaadadAlsznauluf (Matrix Effect) NHAaN17AT99 70

ey Tmmm%mmﬂmmgmmmmwu (As(IN)gsainRusaatinnauiy

U

a

NIRRT ILYRIa1InYy (As(l) TuansarnLdgnaniaanld
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2.8. n15iszane b luA2E19A Y KazN15USHIAUAMNYNARIUBIIENS

a 14
ATITU
nstseenaldsruunWmunaulunisipmidaatnemhuan anasaunyat

FMTAUATATIIINTIT UATAITENBINIATTIURAY AINANIIENITNARDITNUITAN UAY
= a a anla a‘d‘ o d? % ] [ d”
AnELlsrAnBn1neetadisn st aRluAuEg o fall

Saaazn1sAUNAL (%Recovery)

n19M3aadau AN g laa8938 (Method Validation) W3 Ui unanisg

'f?Lﬂmzﬁﬁumﬁw%qmmﬁmﬁu



uni 4

NANISANEN

4
a v a o o o 1 a

NAKEHA RN TUNeR M BIAENIRsadnan sy luseteAulag s uunslua

v o

'a“'fmﬁugﬂm‘tﬁmumﬂ@w@:l,uﬂLLUU%J‘L%’L%L%@WJW %wqwiﬁuﬁ\m@mmm@@wm
MU N TR ol
1. Anmnanmznnamanesilivanzan AWFUnIAT RN luaN A AR
1.1. TUALBNAIANA
1.2, porsdudusesnselalnspaeinildlunissauuiae
1.3. ponsdsdusetiienlusllalnss@ldlunissiouuiae

2. Anwnisulasuarsuylugtlassendiaiun (As(v) Weeluglaesenfialud

v
o

(As(I11)) tiWan1sAgIadALTHAN TR VTS A
3. ANHIAMANHIUENNNTILAIILIANTEUUATIATAL BN DIAN TNY

3.1. daapanNANdNd U IFa11 (Working range)

1
= © o ©

3.2. AliAANTAANgATNIATAAdATA (Limit of detection, LOD)

| '
o =

3.3. AURARNARANQATIANTDALATIZHLA (Limit of quantitation, LOQ)
3.4. mml,ﬁm*’n@ﬁ%ﬁmm:ﬁ(Precision, %RSD)
4. AnmnanssunauiidenasianisnmadatBunaansy Tdud ca™, cu”, zn”,
Cd”’, Pb*" uay Fe™
5. ﬁﬂmmmmmﬂrﬂ@zﬂ@uluﬁuﬁﬁfﬁi@mimmﬁmﬂ?mmmwg

6. N9tlazgnel i lusinaenafy uaznislsziinuanngniesredanisinanz

1. Anman1zn1snaaaIiuanzan A1usun1saAsIzRasuY lugsananug e
BN )
1.1. 1lpraednsann

o ¥ o

AdelAvinnsAnenavesiiniesansainninaseanisai1annNInsgIuans

[

v
o

wy N luuwdarasaonuiduidunseuaranalalunisdmsed Tnaidansaunuaisannlu

nsAnEAe W1 ansavatslnnsnerdeaiwines uazarsazaranaamminines daiin
o 1 dgj Yo [ 1 o a £ £

wesdsanmmanil lesunissansudnainnsnrun ldlunislsuidiuponsduduasai syl

daunazateeanii e vinnisAne tnesTaNatsazataNInsgIua sy Ndn 0.5 1.0
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2.0 uaz 4.0 mg L luarsanawanil neuwinlddmsedfsqaszuunisiva ieaafransi

-
a

o dld = 1 o o Yo a
N1MIFIUTeIANINYIUAIaTANAN T Han AN INUINaTai AN IHANdu svEnE
ANLIKLAURTS (Coefficient of determination, r’) N1NN91 0.98 AaLdAg N 1NUsznay 16
at9lafimnaulalunisnssiiiuuanseiumuatauaspnududuaasasanna wans
ntnnarANdndurasasaindsasandm i lunsmadna YA TLILNR WY
Ariunnsdszgne ldszuunisiualunisimasiansuydounazatseanin lade luansarin
a [ ¥ [ dl = a = o 1% dl v
Au Anfluseelinsuimsgruatsuygnssanluansaratgsiiamaaiuasannn ldmse s
D88 19T INBAANATEIAINAAIALARAUEUILAINIAINeIAITNaLTRIANTAE A e

wanFnari uazlinanIsdinsz AN nFes

0.3 -+ r’ = 0.9998
2 02 4
S r? = 0.9999
g 02 r? = 0.9786 ? = 0.9979
()
@ ?=0.9978

0.1 4

0.1 4 I

0.0

Water Phosphate buffer Phosphate buffer Sodium acetate Sodium acetate
0.1 M 05M 01 M 0.5M
Extractant

nwdszney 16 ANl lunismssadpansarananinsguatsvydnd 0.5 e 4.0 mg L
T8N ALAaz T

a o =

WaRatsunaIniayaudsanidnisAnenaisuyiazataaanuiliineg
(Readily soluble As) wudransazatanagmminiaslifuaruiionuiniiga iasann
Waawlndlse@ninnlunisainaisnyainaulaf s AN H LN INIBNINLAZNILAN
dl v ] o KX a 1o Y o A v o ¥
Nadnaaaiy Aaufansuasdulunisdnduiuaulen liansuyazaraeanunluneams
imaslan Aviudadeauaenansazataneamatinimasidudu 0.1 mol L' ifluansarin

ansuyiazaaanunladngansdanengg
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1.2. AN NTULRINSALElATARES NN LT b UNISIAS LN LA AR5 T

9 o A ai % ad o a [
aqwmmm@u%mzwmumﬁm@mf;mmﬂ?mmmw@mu TALIWENUIN

1
¥ a A

anauddsieuntintaaunassand Sndrsuazane NRnsdsegnsldszuunisiua
o 4?1 a & A o 1 ch a a dl % 1 ai ] o a’l’ o val
WA UNTWAIATIZYTH A suY WAL 19U H9AY TasaatinenuanAf9iuiEies ¥0luH
pnaTulunisAnaniaznimasesiuinzaNg uiunTAziansuyludaetng fu
QI a ] dld | a 22 o= 2 | ¥ ¥ ¥ ¥
N ludunlunasanisuanuiaansau laun anududuses HCI wazaududuans
] o o k% dl a o [ & o
NaBH, Tnelugaunasansazanefasuasldan1osniuansannidaIulaeaad inagssmnyd in
drsnaranuy launatsazatangn HoCl, [dudis 300 mg L uaziufiaaaisusidudis 30 mg
L waztfumsansazargfasuiassa livindy 100 waz 950 ul muanay (wassmil sndna
et al., 2561)
L7 ] ] a a =l 2] o= 2 o K
AINITNTUIRY HCI danasialsr@nBninnislunismseuuianns@u Hiaeag
v o =2 L)) | = il A
Iiian1sAnenazenndndues HCl lugas 0.1 79 1.0 mol L fiansazananimsgiu
dindw 1.0 waz 4.0 mg L' wan1mmaassuansluninisznan 17 wudnauiadoyoynud
uuR AN TANTALINA A NI NTULEY HCI LINNAU aAMNIdNTUaa9 HCI 11NN 0.6
mol L wudnifianasainidauaunnndsnaliaisazarasaliuredaunssiavaullfauy
=X v o 1 a o o ZJ/ dl d” 1 o '

B ARIABINIANINATDIATENINNNNTIATIET AsUNaann TluiauseudedaatNuaY

di dl ] e K A
WaANAZAIN TUNINAADY memmmalumimmmmmmﬂ’mm@ﬂmm ALARN

ANNIEUTARY HCI MuuzanAa 0.6 mol L

1.0 -
0.9 4
—~ 0.8 4
C 07 T L T
g 0.6 4 Q....e .......... o
© 05 4
w 04 4

m

03

<] 02 A
0.1 4 A".'A ........... A. .......... A ........... A ........... A ---A---AS1 ppm
0.0 :

1
0.0 01 0.2 03 04 05 06 07 08 09 1.0 11

Concentration of HCI, mol L™

nwdsznau 17 nalunldunisdnemnududuaeansalalasaassn

(@n1qzn19neaad: [NaBH,]=1.0 %(w/v), [HgCl,]=300 mg L, [Methyl orange]=30 mg L
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1.3. anudNdurasldaanluslslalasan kdlun1snsaNwAdaNs a1

ANdNdUI09 NaBH, dauaseisy@ninimnisdasuatsuyiiuuiaed i

AaalaninisAnEnagasA i duduaes NaBH, Tutas 0.3 D9 1.2 %(wiv) Na19azane

2

N megIudndy 1.0 waz 4.0 mg L nanmmeasuandluniniszney 18 wudiidenau

dudua99 NaBH, N aueadtynoui iduws igeauias §uaang NaBH, 1.0 %(w/v)

v
o o

WuRsAanANNdNduIeg NaBH, Muunzanaa 1.0 %(wiv)

1.0 -~
0.9 4
08 4 @ vee®--- As 4 ppm
0.7 J - SO o 1) (] (0] pp
0.6 4

0.5 4 @

04 4
0.3 4

8? i A Ao Ao B A A+ As 1 ppm
0.0 —TTTTT 1T
0.00.1020304050607080910111213
Concentration of NaBH,, %(w/v)

AAbs (530 nm)

nmilsznatl 18 nelnualtiuntsAnea it Nduaalafan Ll lalngs
(AaN192N1IMAA8Y : [HCI]=0.6 mol L™, [HgCl,]=300 mg L™, [Methyl orange]=30 mg L")

AMNNIIANEIAN1IZNNINARBINVANIZAN mmimgﬂ@qumwmmqﬁiﬁfﬂu

FLUUNTIAINTUAINY IUAIREN9AU wanalun1919 3

£19719 3 mmf;:mﬁ‘mmmﬁmmmmm'i:uum@mqﬁmmw@uﬁu

AN1ITN1INARD

AN NTureansa lalasaaasn 0.6 mol L

AN nTuaaalaRenTulslalngs 1.0 %(w/v)
IR ES NG PN Lol feN: 450 uL

UIUIRTUBIRTALANEIFNTL 100 uL
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M99 3 (FiB)

ANNICNITNAAIBN
¥ v = A - -1
ﬂfJ’mLﬂN‘ﬂuﬂJ@\?Lﬁ\l‘ﬂﬁ‘ﬂﬁﬁ‘ﬂﬁ@ﬂi?ﬁ 300 mg L
¥ Y a c -1
AIMNLTNTUABILNNARRELTAU 30 mg L

andunsAvansazaralunsEIaNuiaans  HCI/ As/NaBH, / As / NaBH, / HCI

=

au

dl gj/ 1 (23 o= al
AN I MU UAB LN TUNT RS D BT 2 U

2. Anensulaauansuylugdaasandidun (As(v)) Watluglaasansiglui
(As(lll)) tWaMsAsIATALTNIMATUYR HUNSENINNA
YFnnansvyeiunseiaune vunaneTuiaatsuylugdandialud (As() way

a1finiun (As(v) Aaiulunmmeasuiiiery §ideaslaimaaesldaisuinsgiu As(v) 1w

o

nsnaaeanigliani1azimunzanees Asll) aanandlunine 3 wazilFauiiaunanns
NARRIT ANLA1THATFIN As(ll) Tugagarndndu 0.5 89 4.0 mg L' annandszney 19
wanaliiudn As(V) ldannralasudluufaensiule (RUsc@nsn nmindn As(lll) 37.5

win) Aaliani1azn1maaaenld nlikldainnransadnilFunns As(v) lelasmgg sl

o

AduRsvinnsaad As(v) Tilaawilu As(il) neunansnsaadn Tneldsashad 2 1iinae

v
6 o/

Kl kaz Cysteine nan1saaadluninisznay 20 wanslfiiudnsainndiadesaiaainise
3Rt As(V) \u As(i1) 18 Tnanwudiasnduaeansmunnsguildan As(v) uaz As(lll) &

1 1 1 o 1 dl a a ' 1 £ v aa v
mimmﬂmaﬂu LLﬁlLN@W“Q’]?M’]@Q’]Ni’ﬂHﬂ’]?QLﬂﬁ"]ZVI WU KI usiagaad Ay

o =K o

Iananddlald cysteine Datlszanm 3 win AasiugRaaaudanld Kl dudasacdnvuizan

a

Tun153ATZI As(V)



1.0 -
€ 08 -
o [o) 0 As(lll)
Qo 4 L
S y = 0.1833(£0.03) - 0.053(+0.01)
§ oa 4 T R®=0.9911
< e A As(Y)
02 4 T y = 0.0048(:0.000) - 0.0007(+0.000)
------ o R?=0.986
00— A
00 05 10 15 20 25 30 35 40 45

Concentration of As, mg L™

nnilsznau 19 waniauFaumaudynnnans As(lll) uaz As(V) naunssaad

1.0

0.8

0.6

0.4

AAbs. (530 nm)

0.2

0.0

1.0

0.8

0.6

0.4

AAbs (530 nm)

0.2

0.0

nwilsznau 20 uaniaiFauiaudynnnans As(ll) Laz As(V)

i O As(lll)
y = 0.1276(+0.02) - 0.0785(+0.01)
. R? =0.9902
7 ...,\\““Q A AS(V)
............. y =0.1212(+0.02) - 0.0605(+0.01)
| .'6 R? =0.9999
a‘“”‘e 1 1 1 1 1 1 1
0.0 05 10 15 20 25 3.0 35 40 45
Concentration of As, mg L™
O As(lll)
T y = 0.0403(x0.005) - 0.0069(+0.002)
i R? =0.9947
A As(V)
) y = 0.0419(+0.000) - 0.0069(+0.000)
- R?=1
° """.....ununullnuﬁ
‘ ..... Q ..... 1 1 1 1 1 1 1
00 05 10 15 20 25 30 35 40 45
Concentration of As, mg L™
NAINNTIHT

(n)Reductant : Kl, (A)Reductant : Cysteine

45
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3. ANENAMANHMUENNINITIATIZULRITEULATIATALTN A TUY
"lumiﬁﬂmQmﬁﬂwmzmqmﬁmq:ﬁmﬂ‘lﬁmqumiwmmﬁmmmm&’wm‘”u
nsnsadnansuyluiu InsAnwidasaauidudunssreinsmainggiu §iderianisAne
Tudaemaanidnds 0.1 996.0 mg L (Rasan1ndsznau 21) wudndasmanuidudunsalu
nsnnadansnuinsgIuAe deepnudndu 0.5 09 6.0 mg L 43 25 019 300 mg kg
(asanIndszney 22) annisidunss AAbs530nm = 0.1728[As, mg L] - 0.0377 AN
futlsransmnuiluidunss (Coefficient of determination, r’) 1AL 0.9980 Usz@NENIN
szuumﬁLmﬂzﬁﬁﬁmm%ﬂﬁmﬁ?ﬁqmﬁmaﬁmﬁ (LOD, 3SD) 1inriu 0.30 mg L™ (1u
an3anm) AnduaauiduduaesasuyluAuminiy 15 mg kg LL@Zlﬁﬁ’]ﬁ%W@'mﬁ@’m’]iﬂ
asziifFunnls (LOQ, 10SD) winriu 0.36 mg L Antdupanidndusesansuylumi

| o

Winiu 18 mg kg AeAsRLIAgUANMTUNTTATIATALEN A TuY uAuR s TaadiNenng

b

=

BUUBNINAAINNIDLRIABUAZINEAINITN UATAIAIINWIENTRREILATIZIN IATLANEANS

wdnd 2.0 mg L (%RSD, n=5) lsvindufasas 4.23

.
.®
.t
o
o
o’
o

0.0 ‘Ee? T T T T T T T T T T T 1
00 05 10 15 20 25 3.0 35 40 45 50 55 6.0 65

Concentration of As, mg L™

nwdsznau 21 nsAnegaenisldinundaeaanudud 0.1 D9 6.0 mg L

(dan19zn1nmaaay : [HCI]1=0.6 mol L-1, [NaBH4]=1.0 % (w/v), [HgCI2]=300 mg L-1,

[Methyl orange]=30 mg L-1)
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...... o

S
Q06 - o
©c T
Los4 4 T
< (= _
4 y = 0.1728(+0.08) - 0.0377(x0.09)

02 4 T

O Rz = 0.998
OO ? 1 1 1 1 1 1 1 1 1 1 1 1
00 05 10 15 20 25 30 35 40 45 50 55 60 65

Concentration of As, mg L™

nwtlszney 22 nemnansgueesasuylugaiadNidnd 0.5 19 6.0 mg L

(AN19EN19NAaaY] : HCI] = 0.6 mol L, [NaBH,] = 1.0 % (wiv), [HgCl,] = 300 mg L,

[Methyl orange] = 30 mg L)

4. AnwanssunIufidinasansasaadnLsunuasuy laun ca®, cu®, zn*, cd*,
Pb*'uaz Fe™

a

¥ =2 o a o d‘ o Qr =
annsdayanisAnelaueminlufu (NauWmuINAY, 2552; 1995UANA 4U4, 579
AN, asnad weyard, & 3lgan nanweT, 2556) uaziinsnavuaAtuguiaeuinly
A (Background concentration) iiluadnnidnduaaslaneminialdiduanFauiey

A a T a A ¥ o A 1 Y v o ] o
viralsziduan mummﬁ?ﬂmﬂ@ummiwwuﬂmﬂiu AN NTUTAS laveuina AN AN

Y o a

pNTHnvesingsiunHafL wenantulansuin luAnetaunanasvizedansing o Nldas

q

T/ luh i e fuaen Tawdin danuiuilsiu wazansnidanAngineg Wudu danng

Q

deziindnauiinistuwtlewzeld SndudeamnsiudArvugulansminluiunen lavzuiin

a

TudhunanisAn laun wasieaslaasu (Cd*) raliaslaasu (Cu®) @emlanau (Zn®)
a7nlenau (Fe”) upaimalanau(Ca”) uazianlanay (Pb’) TnaAiiugiuluiuuansly
FIN9N 4
= I~ : o o = PN o o

NMIANHIA197UNIUNAINARBNT9IATIATALFNIUANIUY YIIN9ANEIANT AR
AINBANU(Tolerance limit )184n139tATITaNTUYse loaaudNNIIN13ANET TaaiAn
= o o =2 ¥ dld Adl a ¥ 1o Y o
InanfinAueanunnaivaNdnduedlesaunAnsminas il uda livin lidoy oo
193981907 A18N AT IUAIURTIANE DY 2 mg LT iwasuudacliiin 3 wihaespndou

= [

JeuunInggu anuan1sAnsfilanudn cd™ Fe®' Ca” uaz Pb” HATARNinA9IN
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annuiigendnszduiinuluiu wazArdndniamuannusie zn” SAwinumingluau 3
a@ﬂiﬁ’dﬂ@ﬂ@ummﬁ%iﬂiumumﬁLmq:ﬁlﬁlﬂﬁﬂmmmﬁmmwgiummﬁmau
lusnueiiindnsniaanueanuzes Cu” 31 0.5 mg L' Gasmndneniiszyldsnileniany
uAuT 0.9 mg L asidlefifoamasunsdalunjedlugfinnnzneuldfuazazans e
fadupnadidures cu’ luansatanagiaivesinazieand 10% sesaanuidud
vaamesuniavae luARIA M IazasrRmesunsiAzLANs T LTI aTesALAae
wiFfiszyl3lumseiisnainnistlszinmn cu” luansataiinaansann Ccu” Havun
W A

FaiuANInaTaAI NaANUAe Cu® Rlstnazinaanananistinld1dlunisaiaszsisinasing

Auaale

b4
o

£1919 4 m%f«i’ﬁmmmﬂmwu (Tolerance limit) ‘LI@\?ﬂQ’]NZQ’]EJTiﬂ‘LI@Q?ZU‘LIﬁWﬁNu’@u

o

#197un21 svaudnulufws szsuinuluduT  ANTIARITARIINAANY

(mg kg'w) (mg L (Tolerance limit, mg L
cd* 1 0.02 0.2
Fe*' 25 0.5 5
ca” 22 0.4 10
Pp** 55 1.1 11
zn’" 100 2 2
cu” 45 0.9 0.5

i3

1 = o a
* Aug1ulavizun lmu
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** AMTUIAINERINAIULRIAY 1 g ARANTANALTNIAT 50 mL

5. AnsrarasasAlsenavlunuilsanisnsaadnlEunuasuy

< 1

AUNNIRNUNRINLANFANTY a9rlsznaulupuAtaNuANANTUY N AN NATAY

o

asAlsznavlufunatalsanisnmadaiFunuansuy faeiinisAnelaanisiFaunay

o !

drynynissudneansararanmsguiwirenuasazateveamaiviesidudu 0.1 mol L

1 !
o o = v a A v v

Audtynrnmesasnyesasluasannauiaiasoaansazatanasmninimasidudis 0.1

v 1
o o A v o

mol L ananiszney 23 wiuladndynnisaesiliAinnaennaseiuiazaaslalunng

o @
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Aaszdldunns1eiy wansdnesdlsznauluiulidinasanisnsaadnlininaisny
Aetiun1InadaLFIna sy a9y amsarin ldlnaiauiunsn nansgiuans
wyluaisazaraaaaiwimasidudu 0.1 mol L (External calibration method) taely

fludednsLife TN sNaNNInsguaslugna1saraneAaet19AY (Standard

addition method)

1.0 -
—_ O Arsenic in Phosphate buffer 0.1 M
E 0.8 - y = 0.1989(+0.03) - 0.0792(+0.01)
8 ..... a R2 = 0.9932
L 06 A .
« T A Arsenic in Soil extract
a( 04 4 y = 0.2002(+0.02) - 0.0825(+0.01)
6 R2=0.9961
02 4 e
a8
0.0 T T T T T T T T 1

00 05 10 15 20 25 30 35 40 45

Concentration of As, mg L’

nwdszney 23 uansifFeumaudaynuszndansazatenIns g U N b
ansazaraaamminiesidudu 0.1 mol L duissanlugisainanaunaninsae
ansavatenasiNmiWinesidudu 0.1 mol L'6. nsdszensldlusinetneny uaznistssiluy

ANHNYNABNTNRBNIATZ

annnistsransldsruuiwmunulunnsnsadnatsuyludoadeiu nanis
o 1 dl =< o ' a dl < a dl A
NAAILAAT WA 5 Frae1eh 1 09 3 iufred1umiiunianuTuuaedumiies
! ' ° ! a c o o = dl o v v %
winnau Juannaseunyad AaninuAsAIassNsT Watintanamenesiiniwinesly
gnandauniu 1 g Aleansafin 50 mL wazmsradafaeszuuNRWIAN nadsngdn ldainien
pevadnansuyld wazsned1ed 4 luasdnedannnsgaunu Wethunanafee iR

wud Bunnaayluansannnipseilaidudu 0.35 mg L

4

ad a

1 dl o a dl o 7% 3 =X o 1 v a

mu%w'ﬂmmuﬂ?‘ﬂumauﬂ?‘mmmwwmmimmmﬁmwmuwuﬂummam
19IATHINTFIUAY (certified value) NsxyldN 6.69 mg L @9ldniainnistathuninis
ﬁﬁﬁ%ﬂﬂ’]ﬁl?g’m SW846 Test Method 1311 (United States Environmental Protection

=S

Agency, 1992) Taelddmsdanandain 1 kg searsann 1L gadeaslamuanianudingy
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dl [ % o ] a o ad v a 1 dl o v
1e3a13uyNaia LA lwdnsdawneaiuluidsdsBainsgiu nuditiuinaisuyiania e
ANEATNWEN UITURAT 3.07 mg L wamdnansuyiesluasuiazarsaanunlaing
(Readily soluble As) AnLTuARAIUTRLAY 46 TBILTUIUAIIUYTINNA

N1IANHIAYINGNABILRIITIATEY vinIsiAnatsazateNInggududu 2.0 mg
-1 o o 1 i// o 1 Y A [ 1 1 ¥ =2
L avluansainsinatineis 4 foadne wudnfesaznishunduatludosfesas 99.8 iy

v
% KX A

dl ] dl o ¥ 1 aa o %
106.9 "]J\‘iLﬂlMQ\W]EI@N?Uiﬁ LLZQﬁ\‘ifJ’]Qﬁﬂﬁi‘W?Q@Qﬁﬂ?ﬂqm@’]?ﬂl’t}‘ﬂwﬁNu’WﬂluNﬁQ’]NQﬂﬁl‘ﬂﬂ

D

WATANNITDIATZ AR a9 e

F119719 5 BNnasuy A e 9AUR IHANITLILINI AT LTIW LN T

AnBENg UFnauansny (mg L) %Recovery
TusnaeiaGud A A ilE
(As+ SD, n=3) (As + SD, n=3)
Faeg 1° Taiwy © 2.0 1.996 + 0.05 99.8
Finaeing 2° Tadwu® 2.0 2.011 +0.09 100.6
pnaging 3° Tadwy © 2.0 1.999 + 0.07 99.9
Faeing 4° 0.3499+0.09 2.0 2.489 + 0.10 106.9

o o =

a = ANBENANANN BNaFaUN YA AINTALATATIIINIT
b = @198 NBINIMIFIUAY

¢ = WulFHIuaNIYFEINgn 0.30 mg L



UN¥ 5
a5l adsana uazTalEdaLUL

NUIRRINNINIMBIREN9RIAdRanTny Taaldsruunisinasanivailnenduen

anssewaunuldlfitiaiaancdiu $auiun1smsIadnAIN1IANABUAI AN A FIIUAT

1 v
a o

wasnuladliuaglalsygnsfldszunnimunaulunideaeifiunuarmylusaetnamu
Tnelunisiimnzdandunislasuansuylugd As(ll) iuufaefiu aeufaansiuazgn
1% 4?1 ¥ o Y a ! B 1 ! k%
aFeauludozaesansazanadaly anisunsllusinnigeddng (headspace) AnuLLa8g
c o 24 o= dl a d2/ Y |aaa 4 22 o= o
gunsadueanansssveg uaznsadaniaeismuninniy lneldlgasanseudnauiaensguiy
;| A dld a & 1 7 o o a
wasAdsnAan lad luansazananiiniaaasuinaney lutdaeaesasazanasafunaiunsa
~ o 4 o . o Y o -
lalasfianlanau Iazilatuiiarresatsazanafodl uazasradanislasuulasneud
aaaLIuAANAmaeTuALAINAINEIAAY 530 nm aatlazasallntasWindnes 1u
Y A N - T ity g
Tunauisunatiazinadunialugunsniuenansssmanaiaulneldazeafiniauila uwas
aanuuuliddnwusiludinassiudauniu tnadaaldarsazarasiiuluilddiniu’ld
v o 1% ! v dl = 1 1Ay vy o o ] o
ansazanufndl wazdonldansazanaduuendeiauialungnadlddmivldansavanesin
WinUsznausaaasuanszndneasnyluine19seasa vaeNInsgIu NaNALTaLa U
] dl a 24 o= a o dal ¥ a a
e ldluniafiaufaensu szuunisiialusuddaildneniiomeslunisaaunnia
nanstnasesazanafa il iiulidudifuuazanas IngazAruaANNIIgnaIIazatuLsaY
#HANgIr UL uaznIsaNAuIaIANsN e luiaNan (mixing coil) NauNANaNsazaesa il
dngainsninisuananssema wanannilazldinasadanniluuazataailugineallunis
ArLANNIT IaTaIANTaraNafa s dsr U Tinglnsnluanansssive wazn suandie
ansazaaviauNnaangalnsnlifivreadaniauen aannisldnannisusnlasziaann
arsazarefeginenifinann azdiulddn liavduseddigaimentumienlugtinsnlou o
dl Y o 1 =2 ! 20 a c dl ¥ dl A 1 dl o ¥
nldiiunneun asansnana I lunsdiaziiiiasannnislideiaencnuaaenazfed
a4 .
wasuestiasainiloyuinisgasils
NMIANEIANIZN1INAABINUNITAN 1UTUN19aATIziaNInyluasaninmy
poagsanatinansarateaamntimafidudi 0.1 mol L' 7 pH 7 winngdmsuldlunis
paadnFunuansyludunazanaladng (readily soluble phase) WasainWenwma (PO,”)

o

HanuasiRnAS8iuaIIY (AsO, way AsO,”) AuianIsuavdulunisdduiuAuléan vin

1
=

Tansnyazarzeanunlanin dexngidalsvinnisAneaniaznimeassludiuindsnase
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nanaauiaanFiu laun anududuaes HCI uazmududuaes NaBH, Taalunis@ne
£ £ 1 o/ al v QI 42} [~3 v dl £ v
AHLdNTUaas HCI wudrauadtyoyinediunliumnauanidaailaninuiduduaay HCI
WHAU AR NI NI UEa9 HCI N1nn97 0.6 mol L' wudniianasan1Andsnaly
a19azagfa liuN9doun sz AR lURA LUNN A9FA9NIANNNALEIATEUININNTILATIZ Ad
RANANN I NTUIBIHCIIMNIZaNAD 0.6 mol L iHasannlisaadnniseudnanismazsd
dag M liiinimeaedldazaanuazmaiaunnau wazn1sAne ANduduIas NaBH,

.o 3 P o Ay v= Y £ = o
WiNYMNﬂﬂQWNLmNmuﬂ@QIVaBH4LWNﬂiéﬂuﬁﬁ@fy@yﬁu%iﬁﬂuuQIuQQQﬂu LRZLTNAINN

v
o o

NaBH, 1.0 %(w/v) Asibaiaanauidnduaes NaBH, Nuuizanma 1.0 %(whi)
nsAnenslasuan sy luglaes As(v) e lugilans As(lll) iwanisnsaadn
TN A IMYaTUYFE AN A (Total inorganic arsenic) LUaYAUERAENAABIINNNIATIATA

As(V) A ldaniazaaafuiuaad As(ll) wudnligin1sansaadn As(V) Ialaemas

o= 2%

Wagan As(V) Tdanunsadsuilundaansmulsnialfanineni1meaasii ld a9seannnig

o a

359 As(V) il As(Ill) ARUNINITIATIZHAEFZLLNT A NNLNTU IasiANIAIIA0T 2

v
a v o

aippalnunadanlalalasd wasGaman Nguung 1110 °C Wwaan 15 Wis wuaniss
aa

Aadvivaasriaanuisnilanu As(v) il As(ll) Taatirsanysalimdauiu udnisld

o ala =R

wuwnadaulaleladaziiaanlalunsmmzimganddieldgamaudusasfodng 3 win

(Li_l?‘ﬂuLﬁﬂmqﬂmméﬁummmqmqmﬁmﬁiﬁmnm@m@mmmﬂumwﬂﬁzﬂ@u 19 uay 20)

o K A o aa L

Mavasdanldinunadanlalalasdudasandninuizanlunisaimssiaaascuui

[

=
U

§€

NN3ANHIAMANHIUENNNIALAINETBNTLUIATIATALFUIUA TUYTW I U T 1
WLFNANNN903LATI AU LA lugaemaududu 0.5 mg L' 0196.0 mg L laaunnsidunsg

A Abs530nm = 0.1728[As, mg L] - 0.0377 ldArmau il uidumss (Coefficient of

1o

determination, r’) WAL 0.998 aNNN9ANEUIZANBAINUBITLULNTIATIZWAN UL

wudn LA mgaTingaadald (LOD, 3SD) Wiy 0.30 mg L' luansaravidedsidupany
duduzesansyiiazaneldingluAumintu 15 mg kg uazlirnsngaiianunsninszy
5unould (LOQ, 10SD) Wi 0.36 mg L' Tugnsarin sideAmduniuidudusesarsuyi
avanabadnaluauwingy 18 mg kg LAZANAINLTAENTR993AIATNZY (%RSD, n=5) 1§

winufeaas 4.23 Tnennisasmadainaududy 2.0 mg L
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n1sAnEIa19TuNIundenasianisnsaadadinauaisuyldun ca®, cu®, zn”,
2+ 2+ o 3+ I o = 1Al o o . .
Cd”, Pb”uay Fe" Tagvinn1sAnmANTAANiAAINEANY (Tolerance limit ) 289019

Amsziansvysialaeausiie ) wazivualidesnaeniulifeanduduredleaausiem

1
v '

wnadldluansaransarsuyiaaududu 2 mg L uda livin &ty synundnlauansiieann

ma@mwmwgu?@w%ﬁuﬂdmmLviwmml,ﬁmmummﬁm (mean +3SD) AaNNNa

'
= o o a 4

n1sAnEINLGn Cd™ Fe®' Ca™ Pb”™ uaz Zn™HAnanfinAdnennuigandiszAuiingmae

1
v a %

wuluansainauwioll uansdnlessumaildsunqunisiaseiasuyluaisaninmu

luanuznAlnainANaanuLee Cu” NAWINAL 0.5 mg L @esnndnd3uiuees Cu™
peranulufunseuldilierionistiessinatng atiglemunudnsianeunslunuinazet)

Tugilnazans lddaalnaianizluasazaaiunansdunaginminmasi pH 7 Asiuaaiy

1 a0 o

dnduaes Cu® Tuasarnneamainimefitaziaandinesyldnin uazpindnAnanin
ANEANUFE Cu” 71 0.5 mg L aziieanamanisinldldlun1samssvifaetnapuaieing

Tifiasuniuann cu” luansann

%

= - a dld 1 [ o
ﬂ’]ﬁ‘ﬂﬂ‘]&f’]ﬁi@ﬂ‘ﬂﬂ‘ﬂ\‘]ﬂﬂ?%ﬂ@ﬂluﬂuiﬂﬂﬁ"’JNVINm@ﬂqﬁ‘lﬂﬁ‘@’ﬂqﬁﬂ?ﬂ’]m@’]ﬁ‘ﬁlﬁl VI’WVLG'W

A o

Tmﬂmﬂﬂ?‘ﬂumﬂmzymﬁmiwdwmmmwmmgm (As(l11) Mmranlug1sazans

Wagminmes Audnyayrnaesarsnyiezonluansainhunainsa ansazatswagins

v
o 1 o

Tles wudndyniaesiaAnndanadaeiu wansdnasmdsznaslusulnasonlldg

1%

sladtynyiniaesansuyiinly (Aananimesedlunindszneui 23)

2

o o

dd‘ d?/ 2 [ o & ' a
nisdszendaanmuianlunisnmsitiunnayluaisainainfaetnamy
LarN191UszIHUAINYNFADITANTENN93LATEH IAENITATWIMAN FaIAZ N1 TAUNALITEY
Ysunuansuyidissild lududaeting 2 alinpesuniiuniaindimisinluaaumdnlu
UFnnmleudiinluiui enneseuiyad AndnunsAIsssnmT waza198198ININTgIY
At (CRM) uvinnnsannfusaaasazatanaamninineslugnediusiu 1 nfuseansann
50 mL wusnAnfeaaznishunduetlutdaeianas 99.8 fiv 106.9 Geifludasaeniuls uana
1 ad dl o d?l a e A dl ] :// dl 7 %
BN ANE U TUNIAIN90TATITIRBH AN sy ed ludunazanaladnels uas
avAlsznavluansariniusinatnelidsnasunousani szl
AINNANIINAADY uansliiudasnmsadaansuylusaatinamiu Tnaldszuunis
1 o & I izdl A I a I
Tnasanfuginsalusnasszmauuuladldigio@antu arnsnlszansldlunisiinszi

1 4
sunansuyludaadefuliass scuunwmuIiugainisnnmadnliaznon wayd
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Use@nsnin lumanndseudandnnisldinTasiiaasunnlnn @y ICP Wea HG-AAS Ntaw 14

aglluilaqiiu N1sArLANNIIIINUTaNTEILAdtARN Ao a s 1HN193 ANzl AN

U q
1

1 o A =3 v ! dl dl 1 | dl [ ¥ dl 1 z:
LNUETINA mu%@’mmm?mmL‘Llummgmm@qium\ma@muim AMONNANINTYNVNAIL

Lﬁuﬁfjﬁ%ﬁﬁmmﬁumﬁmmzﬁ@:ﬁﬂﬂumiﬁmmmmsﬂmﬁ@ummmm@uﬁu WAL
ﬂ?:Lﬁm:ﬁummL?ﬁlﬂwmmwﬁuﬁumﬂzﬂ@uﬂ Lﬁ@ﬁﬂﬂzﬂmamu@uma‘ﬂmﬁﬂummma?
wysial/15
TaLAUaLUL
1. ’Lumiﬂiuﬁumafﬂulﬁ@mmmmgluﬁq@ﬂ'wﬁu Haudnluglaasasvy

v v
a ¢ o o o

HunzeiannaAsinlunisdwamesilinnuasuyludunazaielddne aosinsaetaun

o

I diiatlans As(v) By As(lll) AauNIN19TALAE an1a3auiauLastssiiuemg
nstudlanlimiulllfasnagnsiasinauy

2. lun198199aa sz iun19AAdan A9 ldaN1ausnat9 UL EIN ANIN

I~ o =i v o G o 4 9 o o !
W'ﬂVW:ZLﬂlWI"JLLﬂuﬁI@Qﬂiz‘ﬁqﬂTWﬁﬂﬂqiﬂ NYNN9LAL AR 19 89N a1 U ndulatn

|
=S

dsraannnistuileusesasuy aeiadeuuninludginsailunsalussn duduiesay 1

U

aFuudndnedneindsrannleseuliazena neufcidluiilsaannnisuiien feu
114

3. THAURNANIAT AN NASE meﬁmmmmmﬁ% wseadld dadlunnsthssuy
Ansziildldeudeswdladifaeduaransazanannsgiuesluaisainatianne i

W1
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ABSTRACT

of arsenic in so

The developed membraneless vaporization unit coupled with flow-based system was investigated for application to the

The unit was designed to contain a pair of donor and acceptor reservoirs. Hydride generation of arsenic was occurred in the donor reservoir. The generated arsine gas was
diffused to react with mercuric chloride to produce hydronium fon in the acceptor reservoirs. Subsequently absorbance change of methyl orange in the acceptor reservoirs was
at 530 nm. For of the readily soluble arsenic phase, soil sample was extracted with 0.1 M phosphate buffer pH 7.5 by using ultrasonie-assisted

extraction method. Other possible extractants including water and sodium acetate were also studied with the developed system. The results demonstrated that concentration of
arsenic in the extractant studied can be measured by using the matrix mateh calibration method. Linear range from 0.5-4.0 mg L' was obtained for all extractants with good

(> 0.99). 4

to real sample was evaluated by using recovery study. The recoveries spiked with 1 ppm arsenic was found in the range of

of
83-90% (n = 3). The amount of arsenic in soil samples were found to be lower than 0.5 mg L',

INTRODUC

Arsenic contamination in soil mainly results from

anthropogenic activities, e.g.. the use of pesticides, mining

s, or industrial processes. Determination of readily soluble

ic in soil is very important for understanding the uptake,
area.

arse
transfer and of arsenic in

Developments of flow injection system which combined with hydride generation
have been presented for determination of arsenic in various samples. By using
line based-gas ion units, and detection of arsine gas
can be carried out inside a system. In the present work, the membrancless
vaporization unit coupled with flow-based system was adopted for determination of
readily soluble arsenic in soil. For determination of the readily soluble arsenic phase,
soil sample was extracted with 0.1 M phosphate buffer pH 7.5 by using ultrasonie
assisted extraction method. Other possible extractants including water and sodium
acetate were also studicd with the developed system.

Computer 2

3
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NaBH, yo, H:O|

, SP; peristaltic pump,
ion seles valve, MSV: 4-way switching valve, SVI1, SV2; 6-Port
injection valve, IV; holding coil, HC; mixin MC:; detecter, D).
Hydride generation of arsine gas
AS(OH)y+ 3BH,+ 3H" —» AsH, + 3BH, + H,0 m
Reaction of detection

AsH,+ 3HgCl, — As(HgCl),+ SHCI @
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Figure 2. Sensitivity of the developed system obtained from different extractants.

2. Optimization of arsine generation
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curve of As(TT) in Figure 6. Compa

signal obtained from the standard
arsenic in 0.1 mol L+ phosphate buffer
with those in soil extract.

5. Application to soil extract
Table 1. Recovery study obtained from spiking 0.97 mg L of arsenic (I11) into soil extracts.
Sample Concentration of arsenic %Recovery
(mgL'tsd,n=3
Present Found
Sample | D. 0.858 +0.06
Sample 2 D. 0.829+0.03
Sample 3 LD, 0.889 + 0.03
N.D., Not detected

CONCLUSION

The membraneless vaporization unit coupled with flow-based system was

analysis of arsenic in soil extract. For

determination of the readily soluble arsenic phase, soil sample was extracted with 0.1 mol L' phosphate buffer pH 7.5 by using ultrasonic-assisted extraction method. Linear
range from 0.5 to 4.0 mg L7 was obtained. Application to real sample was evaluated by using recovery study. The recoveries were found to be in the range of 83 to 90%. The

amount of arsenic in soil samples was lower than 0.15 mg L.
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Determination of Arsenic(IIl) in Soil Using Membraneless Vaporization
Unit Coupled with Flow Based System
Supattra Yooram!, Piyada Jittangprasert'. Kriangsak Songsrirote!.
Nuanlaor Ratanawimarnwong!
!Department of Chemistry, Faculty of Science, Srinakharinwirot University, Bangkok 10110, Thailand
*E-mail : nuanlaorr@g.swu.ac.th

Abstract:

The developed membraneless vaporization unit coupled with flow-based system was
investigated for application to the quantitative determination of arsenic in soil. The unit was
designed to contain a pair of donor and acceptor reservoirs. Hydride generation of arsenic was
occurred in the donor reservoir. The generated arsine gas was diffused to react with mercuric
chloride to produce hydronium ion in the acceptor reservoirs. Subsequently absorbance change
of methyl orange in the acceptor reservoirs was monitored at 530 nm. For determination of the
readily soluble arsenic phase. soil sample was extracted with 0.1 M phosphate buffer pH 7.5
by using ultrasonic-assisted extraction method. Other possible extractants including water and
sodium acetate were also studied with the developed system. The results demonstrated that
concentration of arsenic in the extractant studied can be measured by using the matrix match
calibration method. Linear range from 0.5-4.0 mg-L " was obtained for all extractants with good
cocfficient of determination (1> > 0.99). Application to real sample was evaluated by using
recovery study. The recoveries spiked with 1 ppm arsenic was found in the range of 83-90%

(n = 3). The amount of arsenic in soil samples were found to be lower than 0.15 mg-L.

1. Introduction

Arsenic is known as one of the most
elements widely distributed in the earth crust
[1]. Arsenic contamination in soil mainly
results from anthropogenic activities such as
the use of arsenical pesticides. leaching of
wood preservatives. application of fertilizers,
irrigation and dust from the burning of fossil
fuels and waste disposal [2]. Level of arsenic
in  soil diverges according to local
geochemistry. In uncontaminated soils the
arsenic contents are in the range of 1-40 pg g
!, while concentration of arsenic in soil higher
than 20 mg g could be measured in some old
mining areas or other sites of anthropogenic
pollution. High concentration of arsenic can
be dissolved and transformed under different
environmental conditions. However. not all of
the arsenic presented in polluted soil can pose
an immediate environmental risk. The form of
‘readily soluble arsenic’ in soil was more
critical for environment. because this form of
arsenic is easy to be soluble in ground water

and absorbed by plant [3]. Therefore,
determination of readily soluble arsenic in soil
is very important for understanding the
uptake. transfer and accumulation of arsenic in
contaminated area.

Most of the analytical methods for
determination of arsenic. take advantage of the
formation of volatile arsine (AsHs) gas to
separate the arsenic from other possible
interferences in the sample matrix [4]. The
field kits are based on the classical chemistry
employing reduction of arsenic to arsine gas.
then the generated arsine is monitored by a
color change of mercuric bromide. mercuric
chloride. auric chloride or silver nitrate [5-6].
More sophisticated methods such as atomic
fluorescence  spectrometry  (AFS) [7].
inductively coupled plasma optical emission
spectrometry (ICP-OES) [8] have widely been
used because of high sensitivity and
selectivity of the methods. Simple spectro-
photometric methods have been presented for
measurement of arsenic in environmental
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samples. Indirect determina-tion of arsenic
(III) was proposed by using a reaction between
arsenic and potassium iodate to liberate iodine
which was then reacted with leuco-malachite
green to malachite green dye [9]. Detection of
the generated iodine was later presented using
bleaching effect of iodine on blue color of
toluidine blue and pinkish red color of
safranine O [10]. However. these reactions
can easily be interfered by other cations and
anions in sample matrix.

Flow injection analysis has been
proved to be a suitable technique for on-line
analysis because of its low reagent and sample
consumption, high sampling frequency. and
case of automation [11]. Developments of
flow injection system which combined with
hydride generation have been presented for
determination of arsenic in various samples.
By using on-line membrane based-gas
separation units called gas-diffusion and
pervaporation. generation and detection of
arsine gas can be carried out inside a system.
Difference  between  gas-diffusion and
pervaporation unit is that in the gas-diffusion
unit. the donor solution contacts directly to the
membrane. whereas the pervaporation has an
airgap between the donor solution and the
membrane. Therefore, sample containing
particulate matter or dirty sample can be
analyzed by using pervaporation unit without
the problem of clogging of the membrane.
Various spectrophotometric detections of
arsine gas have been presented including
molybdenum blue reaction [12-13] and
potassium permanganate reactions [14-15].
On-line gas-liquid separation devices which
do not require membrane called membrane-
less gas-diffusion (MGD) units have latter
been presented for determination of ethanol
[16]. ammonia and amine [17]. The latest
pattern of the MBL-VP unit was designed to
have two cone-shaped reservoirs for
manipulation of a small plugs of donor and
acceptor solution in the system using air as a
carrier. These reservoirs act as temporary
compartments for holding small plugs of the

donor and acceptor liquids for diffusion and
trapping of the volatile compound. This MBL-
VP unit was first demonstrated for
determination of ethanol in alcoholic drink
and further implemented in the determination
of ammonium and sulfide ion in canal water
[18] and sulfur dioxide in wine [19].

In the present work. the membrane-
less-vaporization unit coupled with flow-
based system was adopted for determination
of readily soluble arsenic in soil.

2. Materials and Methods
2.1 Chemicals

All the chemicals of analytical grade
and deionized water was used throughout this
work. Stock standard solution of arsenic(TII) at
1000 mg L™ was prepared by dissolving 0.132
g of A5O3 (Merck. Germany) in 5 mL of 2
mol-L! NaOH (Merck. Germany) and made
up to 100.0 mL with 5% (v/v) HaSO4. The
standard working solutions of arsenic(IIT)
were daily prepared by appropriate dilution of
a 1000 mg L. Sodium borohydride solutions
of 1% (w/v) was prepared by dissolving 0.5 g
of NaBHs (LOBA CHEMIE. India) in a 50
mL of 0.1% (w/v) NaOH. Solutions of 0.6
mol-L? HCl were prepared by dilution of
concentrated HCl (Merck. Germany). Mixed
reagent of mercury chloride 300 mg-L! and
Methyl orange 30 mgL?! solution was
prepared by mixing 30 mL of 1000 mg-L!
mercury chloride and 3 mL of 0.1% (w/v)
methyl orange and diluted to 100 mL with
deionized water. An extractant of 0.1 M
Phosphate buffer pH 7.5 was prepared by
weighing 4.7 g NayHPO4 and 2.6 g NaH2PO4
(KEMAUS. Australia) in a beaker and then
dissolved with 100 mL of deionized water.
2.2 Soil sample

Soil sample was collected from Ron
Phibun district. Nakhon Si Thammarat.
Thailand. Several soils were collected and
mixed entirely in the plastic bags. After being
dried at 90°C for 24 hr. the sample was
grinded in a mortar and sieved with 100
mesh-screen before use.
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2.3 Extraction procedure

A 0.5 g soil sample was extracted
with 10 mL of extractant in an extraction
tube. Each extraction required 1 min of
vortex mixing, 1 h of sonication and 15 min
of centrifugation at 3500 rpm. respectively.

Next. supernatant was removed from the
Computer 1

Std./Sample
NaBH, HCI H,0

PP2 SV1

Waste
(HgClL)

extraction tube and the extraction was
repeated two times with 5 mL of the
extractant. Finally. the supernatants from
cach extraction step were combined and
made up to 50.0 mL with DI water. The
extracts from the samples were stored at 4°C
in refrigerator before analysis.

Computer 2

| MC PPl

» Waste
530 nm
MC

HgCl,
in Methyl orange

» Waste

Figure 1. Schematic diagram of the system. (Syringe pump. SP: peristaltic pump. PP1. PP2:

8-multiposition selection valve, MSV: 4-way

switching valve. SV1. SV2: 6-Port injection

valve, IV: holding coil. HC: mixing coil, MC: detecter. D).

2.4 System set-up

The membraneless vaporization unit
was constructed by using a clear resin for
stereolithograpy 3D printing (Form 3.
Formlabs, USA). The unit consisted of a
donor chamber above an acceptor chamber.
After closing the lid, there was a headspace
above the donor and acceptor chambers for
allowing diffusion of arsine gas from donor
to acceptor solutions. The flow system for
the determination of arsenic is shown in
Figure 1. It was consisted of syringe pump
(HAMILTON. USA). peristaltic pump
(Ismatec. Germany). 8-multiposition
selection valve (HAMILTON. USA), 6-port
injection valve and 4-way switching valve
(UPCHURCH SCIENTIFIC.  USA).
Manifold was built with 1.0 mm i.d.. PTFE
tubes. A V-1200 UV-VIS Spectrophoto-
meter (Shanghai Mapada Instruments.

China) with quartz flow cell was used for the
absorbance measurements at 530 nm. The
whole system was controlled by a personal
computer.
2.5 Analytical procedure

The developed system was a semi-

automatic system controlling by two
computers. The first computer was used to
manipulate donor solution containing

arsenic solution. NaBHy. HC1 and H>O viaa
multi-switching valve (MSV) and a syringe
pump (SP) while the second computer was
used to record the absorbance change of the
acceptor solution. Position of two switching
valves (SV1 and SV2) were manually
switched concurring to the step of operating
MSV and SP. Two peristaltic pumps (PP1
and PP2) were ‘ON” for the whole analysis.
The steps of operation are shown in Table 1.
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Table 1. Analytical procedure of the developed flow system

Step SV1 SV2 PPl PP2 Operation

1 ON ON ON ON - Loading mixed reagent of Hg:Cl in Methyl orange mto the loop of
injection valve (IV) and injecting into the acceptor chamber.

- Aspiration of HCUVAs(III)/NaBH/As(IIT)/NaBH4/As(III)/HC1
sequentialy into holding coil by controlling MSV and SP and then propel
stack of these solutions into the donor chamber.

Allowing generation and diffusion of AsH; from donor to acceptor

solution for 2 min.

3 OFF OFF ON ON - Aliquot of AC solution was withdrawn from the unit and transported to
detector whilst donor solution was withdrawn from the unit toward waste.

2 ON ON ON ON

Note:  The PP1 and PP2 were ‘ON” for the entire analysis.
Repeated stepl to step 3 for flushed the reservoir with water for the sample and reagent to rinse out the

reservoir and the tubing.

3. Results & Discussion
3.1 Chemical Extractants

Effect of type of extractant was
studied. [20-21]. Standard arsenic in the
range of 0.5 to 4.0 mg-L? was prepared in
these extractants before analysis using the
developed MBL-VP-flow system. Results in
Figure 2 demonstrates that all extractants
provide linear calibration with good coeffient
of determinations (r?) greater than 0.98
However. sensitivities significantly differed
according to type and concentration of the
extractant. Therefore, matrix matched
calibration was recommended for determina-
tion of arsenic in the extract to avoid this
effect.

Figure 2. Sensitivity of the developed system
obtained from different extractants.

3.2 Optimization of arsine generation

The MBL-VP system developed from
our previous work was adopted in this work
[22]. Therefore. only parameters affecting
arsine generation such as concentration of

HCI and NaBHy were re-investigated. The
effect of HCl concentration was studied
while concentration of NaBH; was fixed at
1.0% (w/v). Absorbance signal slightly
increased when the HCI concentration was
increased. However. concentration of HCI
higher than 0.6 mol-L™! provide large amount
of air bubbles resulted in spattering of the
donor solution on the lid. The remaining
droplet on the lid may cause cross
contamination between sample analysis.
Therefore. optimum concentration of 0.6
mol'L"! HCl was chosen. The effect of
NaBH4 concentration was also studied. The
absorbance signal increases drastically with
inereasing NaBHy concentration up to 1.0%
and then remained constant (Figure 3). The
concentration of 1.0% (w/v) NaBHs was
therefore selected as optimum.

1
E o
=08 .A""'A‘”B &
éo'G A." wee AsdmgL?
04 evgpe AslmgL?
< 02 6.0
- . l e.'.e-----e-O' I

0 02 04 06 08 1 12 14
Concentration of NaBH,, %w/v

Figure 3. The effect of NaBH4 concentration
on the absorbance.
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3.3 Analytical Feature

Under the optimum conditions and the
manifold shown in Figure 1. a linear
calibration plot was obtained for arsenic(III)
standard in the concentration range 0.5-4.0
mg-L!, Calibration curve of the proposed
system was represented by linear equation
y = 0.2145 (£0.01) x - 0.0389 (20.005) with
good coefficient of determination, 1* > 0.99.
The limit of detections as determined by three
times of standard deviation of blank signal
were found to be 0.15 mg-L!. Three replicate
analysis of standard arsenic were carried out
giving precision in term of %RSD less than
5%.

© Arsenic in 0.1 M Phosphate buffer

& Arsenic in soil extract .

AAbs. (5330 nm)
POOOSOD S S
S ik inoy 2w

>
-
"
w
-
on

Concentration of As, mg L1

Figure 4. Comparison of absorbance signal
obtained from the standard arsenic in 0.1
mol-L! phosphate buffer with those in soil
extract.

3.4 Effect of the foreign species in soil
extract

In order to investigate the effect of the
foreign species in soil extract., extraction of
uncontaminated soil was carried out. The
extract of this uncontaminated soil was used
for preparation of standard arsenic solution of
0.5 to 4.0 mg-L-L. The absorbance signals of
this set of standards was compared with the
those prepared in 0.1 mol-L™! phosphate buffer
solution. Figure 4 shows that both results
prepared in the soil extract and the buffer
solution are agreed well with each other. This
indicated that there was no interfering effect
from the foreign species in soil extract.

3.5 Application to soil extract

The developed method was applied
for determination of arsenic in soil extract.
The ultrasonic-assisted extraction was
carried out with 0.1 mol-L! phosphate buffer
pH 7. The feasibility of the proposed method
was evaluated from recovery test. The spiked
samples of 1 mg-L? were analyzed in three
soil extract samples under the optimum
condition. The results show that original
concentration of arsenic in all samples were
lower than detection limit of 0.15 mg-L,
Percent recoveries as summarized in Table 2
were varied in the range of 83 to 90 %.

demonstrating good accuracy of the
developed system.
Table 2. Sample analytical data
Sample  Concentration of arsenic  %Recovery
(mg'Ltsd . n=3)
Present Found
Samplel N.D. 0.858=0.06 86
Sample 2 N.D. 0.829+0.03 83
Sample 3 N.D. 0.889 = 0.03 90

N.D.. Not detected

4. Conclusion

The membraneless vaporization unit
coupled with flow-based system was
investigated for application of quantitative
analysis of arsenic in soil extract. For
determination of the readily soluble arsenic
phase. soil sample was extracted with 0.1
mol-L" phosphate buffer pH 7.5 by using
ultrasonic-assisted extraction method. Linear
range from 0.5 to 4.0 mg-L! was obtained.
Application to real sample was evaluated by
using recovery study. The recoveries were
found to be in the range of 83 to 90%. The
amount of arsenic in soil samples was lower
than 0.15 mg-L!,
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AN 1 NANNIANEINNIRIATRANTAZANENIAT TN IENDY 0.5 Te 4.0 mg L™ Tuans

ANOWBAZTUA

ANTANA

ANNTLAURNT

Water

Phosphate buffer 0.1 M
Phosphate buffer 0.5 M

Sodium acetate 0.1 M

Sodium acetate 0.5M

y = 0.2326(+0.005) - 0.0474(+0.002)
y = 0.1694(+0.002) - 0.0261(+0.001)
y = 0.0984(+0.007) - 0.0133(+0.003)
y = 0.1357(+0.030) - 0.0225(+0.010)

y = 0.1348(+£0.010) - 0.0181(+0.004)

A1919 2 NanNIANENANNdNdUIaInsalalnsAaedN

[HCI, mol L As(lll) 1 mg L™ As(Ill) 4 mg L™
0.1 0.0880 + 0.001 0.6108 + 0.020
0.2 0.1273 + 0.003 0.6287 + 0.003
0.4 0.1294 + 0.006 0.6608 + 0.007
0.6 0.1480 + 0.010 0.7197 + 0.010
0.8 0.1490 + 0.008 0.7347 + 0.040
1.0 0.1558 + 0.009 0.7407 + 0.020

=S £ % al e
AN94 3 NANNTANEI AN NTuIas tmRaN Ul lala s

[NaBH,], %(w/) As(lll) 1 mg L As(lll) 4 mg L
0.3 0.0719 + 0.009 0.5011 + 0.01
0.5 0.1170 + 0.002 0.6986 + 0.006
0.8 0.1356 + 0.002 0.7309 + 0.002
1.0 0.1611 + 0.004 0.7783 + 0.020
1.2 0.1558 + 0.009 0.7976 + 0.010




AN919 4 wanaiFaLiaudnyaunnaes As(lll) waz As(V) naunnszaat

[As], mg L

As(I11)

As(V)

0.5

1.0

2.0

4.0

0.0578 £ 0.009

0.1338 = 0.001

0.2745 £ 0.004

0.6963 + 0.020

0.0007 = 0.000

0.0051 £ 0.002

0.0094 + 0.003

0.0182 = 0.007
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A1974 5 wanaFauiaudynnnians As(ll) Laz As(V) naansTaaed

[As], mg L Reduuctant : Kl Reduuctant : Cysteine
As(I11) As(V) As(I11) As(V)

0.5 0.0072 £ 0.003 0.0021 £0.003 0.0092 + 0.003 0.0141 + 0.020

1.0 0.0374 £ 0.010 0.0589 + 0.010  0.0398 + 0.009  0.0350 + 0.010

2.0 0.15661 £ 0.000 0.1808 £ 0.020 0.0713+0.000 0.0769 + 0.010

4.0 0.4465 £ 0.040 0.4248 +0.010 0.1545+0.010 0.1607 £ 0.020

£1979 6 B\I@ﬂ’]ﬁ‘amﬁ’ﬁ]")\?ﬂﬂ’mLﬂuLﬁuﬁlﬁ‘ﬂﬂlﬂﬂﬂﬁ"]WN’]ﬁlﬁﬁqu

[As], mg L AADbs (530nm)
0.1 0.0280 + 0.004
0.3 0.0413 + 0.006
0.5 0.0483 + 0.005
1.0 0.1158 + 0.010
2.0 0.3220 + 0.004
4.0 0.6742 + 0.020

6.0 0.9834 + 0.030




72

= s a dld ' o
RlakNire w@ma‘mﬂmmmmmmﬂsznmlumumummmmqmﬁmmmwiﬁl

[As], mg L™ As in 0.1 M Phosphate buffer As in Soil extract
0.5 0.0473 £ 0.003 0.0409 + 0.003
1.0 0.1079 £ 0.003 0.0100 £ 0.004
2.0 0.2890 £ 0.003 0.3039 £ 0.007

4.0 0.7308 = 0.020 0.7270 £ 0.020
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