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2
ean

(n) amdraesialwilioyniauludaiimldidudalaininudmivys
NAGDUNIAALINFULUY Uy (1) nwdnuntvesialwiieyniaunly
Uaain

(n) nsvlannuduiussensdndlniuaziarveuneailnan3udshaln
W3 haz(@) fegnshauvulunnsy
feg1ensmanuduiussenIdng i naznatvesnatinauasion
TIaununs

Fuanaildnnmaiaauaifionlawnnund (@waistnlauwniluunsy)
AMRRANAFBUNMAFUINALLUUEMTUNTIA T wlanevtina e
Hlifroyma wludain : (7) uansdrulsznouvesanagay, ()
AIUVY UaZ (A) NINAIUNAY
amenensAnssgunsallumsdansigeyniautludain (n) nssnay
wag (V) NI

funoumsedeudalniheynauiludaim
amanseymauluasineda (n) nsanay uaz (v) n3auvis Aldannnsg
funs1ei

AMENBINNEDIANTIAUBANATOURUUADBINTIN  (SEM)  WazHaNIS
Anneiiinvessnsneesoiinsesistndomdsny  (EDX) wes  (n)
sunautudainviiansenay wag (1) yansauwne

A5 IannUluLNSUE IS UNISIATIZNAINEE (ZNn), waadley (Cd)
wazazia (Pb) Wudy 80, 50 waz 30 lulasniusedns audidu dae
Hlwieynauiludaisiansauns wazvdansenay (@ndlufang
Mein -1.4 Thad, seva1n1siny 240 Junil, A 25 1899, Leund
90 25 fadliad wazaiulnvwdea ¢ fadload)

(n) Falninana@aiueu (slassy carbon) uaz (1) %ﬁlﬁ/\lﬁwwmﬂuﬂu
Uai (nano bismuth electrode)
nsmanuduiuSsEninenseualiihvesdyaadildvazsresaailunis
ngRndmiun1siasiendangd (Zn), uaaiden (Cd) wazazia (Pb)
Wudu 40 lulasnSusedns (Fndludanisinnzdia -1.4 Thad, anud 25
830, weundyn 25 Nadlad uay awrulmnudea 4 Tadliad)
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nsaNduiusseninsrualniivesdygiafilduasainuive
#ndluihdmsunshasizidangd (zn), wamieu (Cd) wazazia (Pb)
Nt 40 lulasnsusedns @ndlniinisinizda -1.4 Taas, szeziainig
\N"g 240 FWF, weundge 25 fadliad waz afiulnnudea 4 fadlad)
nsaNduiussenienseualniivesdyyiailduasainuive
Fndlniindmiunisiasieidangd (2n), waadley (Cd) waznzia (Pb)
Wudu 40 llasnsusedns (@ndluiinnisinigda -1.4 1ad, szeziannis
Nz 240 3T, enud 25 1B5e wazaiiulmnudea ¢ Tadlaad)
nsmlanuduussznienseudlinvedygailduazasiulnmudea
PoefndluinduSunisinsizsidengd (Zn), uandew (Cd) waznz i
(Pb) \Uudu 40 lulasnsusedans (Andluinnisinizda -1.4 12aa,
SrezIaINIsNIY 240 FUNT, A1ud 25 15k wazleunayn 25 dadlia)
NINNINTFINVRIFINGE, wAnLley wasmzia FIesIEReemadaaLaTs-
nlawssns @ndlniinnisinngdia -1.4 Tias, ssegniannisinng 240 3w
, P 25 1550, wonmdgn 25 fiad-lad uasadiulyuiBea 4 Sedlias)
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109%RSD: () &anzd, () upadey uag (A) Az

$1298 N INNTA N INAVDILUNS AT LURIBE 1958 azane T es,
dmeadansizst (NaCl) uwasimeiau3naendan

(n) wuvl9asdiannseiind (Circuit design) d1nsulmnutlaannvia
WAWT (portable potentiostat)
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U 1
UNUI

1.1 anudAyuasnaunvasdymnmiiniside

HagtuninegnssssunfuarasndouvesUszmalveiuunliudeninsuaegvrinii
FailiAndaymisnay muma&mmmnsJLLazﬁui’u@laﬁmmqumwmﬁuﬁa86’] Watlonail
A1MAUIINNITLATYLRUIANIAATYFAILAZNITV1EFIVDIYUYUE1ITINLT? §ﬂﬁgqu1§wsjﬁ
ngfnssunslinineinssssumafunnuianudilalunsoynsninenssssusfmani
Tnelanizetadomineinsii %awuﬁﬁzwmaﬁwwﬁwLﬁu‘fjmymma?hL.nmé’amﬁﬁwﬁiysuaﬂ
Ussinalng ﬁaﬁ?ummf?ﬂsu{]zymﬁimmiﬂaaﬁ’uw%aammaﬁwﬁaa@méqﬁwﬁimma@hm A9l
ausduogan

uwdsiifudafuuvasihsssusfvuinlansianis lnefundsfiunanumagniwas
nzia (1] NUSENIAANZNIIUNISAUINE OUUVITA (2] lé’LLU'ammgmammwmmﬁmzLaLLm'
avUszLnnuanansiusenlulagendedadonisnenin, Jadensianmuazilasenanil Fsdlade
maniifldluntstmumnasguauniwvesimea Tin Ay, enudunsa-a, Uiina
answalleineg wu Ulesideulalasaisuen, luwam, weals, ensuuasuwazenusudngiy S
Tavgniinanaq femgilansuinsgniaduuafivsdondsuazmnnuludmaiiiund
wpsgruimun (2] AanansoneliAntaymresywiuaradidinduldedisnnue [3] Tnelave
NN ﬁi%ﬁmummmgmﬂmmwmaaﬁmma Toun Usen, uaniloy, agia, neosuns,
wenilauardanyd Hudu fdunisinmuusinanedaeminmanisenunsaldiusdeidd va
ARV mgIalEENd e

agnalsimudEiinseiidenldlunsmusinamedansudnma iludmeia 1ud 53
cold-vapor/hydride generation atomic absorption spectrometry [4-6], 75 hydride genera-
tion atomic fluorescence spectrometry [7], 35 inductively coupled plasma coupled to
mass spectrometry [8-11] az35 electrothermal atomic absorption spectrometry [12-14]
%IaLﬁu'i%ﬁi%’m%aﬁaﬁﬁ%mmimj, IR, QﬁwmimaaaéfaaﬁmmL%&ﬁ%ﬁagﬁLﬂwLLaziuW
nsdifesitunaunisuenans (Separation) wasnnsiiiuAududu (Pre-concentration) faunis
n1a¥n Snveduduisiidenhansietsnduainseiluies joRnisdeerarinldiAnnis
Judouluusazdunesunazaiunsainnnuianainluvazaudddse uonani lduanis
Anreifiandrfsdaalildannsatoiunieudlatymene Mdntuldfuaawaziowtdam
Fananamaiamaniilniidslefummuieninniy seEmsdunedeitdnonmlunisvau
Tifluunadnlédne (Miniaturization) wazlavgaunsaiiaufAzereondduniedsnduldd G
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8192 A VUNRIVeITINHN (Electrode) fatusuidoaiulneTsnensuiaudalwil il
deshlunsiiaufisedasdmalivsliihiinnevaussas [15]
mgwmananina1i liaueidedanuaulanagiaunisiesennendendnniimig
a % ) a & | A A o | &g A
wilihsensiaumswsendaliihlaenisanvuinasgeuniauluiiaiudndIuva s
RameaUSu1ns (Surface to volume ratio) HuavinlAUsEa@NTAINNNTATIVIANNTY FIlASINITIVY
Ko ) a & a o Yaaa o A P ] °
UamsiauniswisutliieunpulutadvlidiBwiounie, isuiuasuunanineays,
fannly (Sensitivity) wagilanuaies (Stability) gamvaneazinseilaneninUsunatosuas
1e81n (Trace and ultra-trace analysis) LU wanlaw, nsMuasdingdludimegiald yonand
AaziIdedimnvaulanasiuuisesantilniheunauiludadiniiim wuillvaunsaldlunig
AATERAIAEUIN (On-site analysis) Jevinlilasin1sideddidnenmlunisinnuiazinsgTenis
WasuwvasuSunalanguinluidmziaieiunuinidlunisujifuazinsununisdnnisnis
vImsasnnasuiietdesiunazuilytdymideulnsuvewnasnimziadaduninenssssusnadn

o w

dAgeIUsznalananilanig

1.2 InQUszaeAvaslasanIside

6.1 Waduastginaziassuaynnuludaiviniinuadeswasiivssdnsainlunis
BaseilaeninUsunadesludmeals (@msuleuussunu 2556)
6.2 MygonLULLaziauIyanaaeunpgunduwuulagldviliiineuniaunludadni
W dulifiuszansnnlunsieszinsniidu weliisnsasiainaunindd
< 1% < [ t% [y a S o Y | ]
neiadulumiganusiasiwasyilinistesiulgmuaiivnisvilaviumieg
(Fwsuleudssuna 2557)

1.3 YAULUAYDILATINISIVY

dusulutlauuszunad 2557 YaUIRYR9LASINNTIYeNRal A
daui 2: n15AAsIzlanzutnaematiani1aadl Ll

2.1 MsAszilssufisunaniemadaniwadini

(n) thialwiheumeuudaimndnwanudululddmsuieneilaneninuasgu
WAL, mefuardenga Q%Lﬁuiaméfw,l,wﬁm%’um'ﬁmi'wﬁammwﬁw)

(1) thuanisnaaesiildanmsiinsesignedalifieynauludadndieudsuiuns
WU

(A) AnnevinailiuasAnumanuuanswessansaaesiildseniialiihouniaun
Tunazdalwihuiadandueu (Glassy carbon: GO) Fadadutalihiidnesild

2.2 E)@ﬂLL‘U‘ULL@Zﬁ%’N‘Q@IWﬂﬁ@UﬂWﬁﬁUWN




(M) BONUUUNINTINVDIYANAFBUAIAFUIY

(1) pRnLUUNATBENNIalinddusunmsnsiaiamemaiaansulaiamanuns

(M) BONLUULALNARWAUIISNUN (Printed Circuit Board, PCB) ¥lANLAYE 1S UIDT
Sdnnsatindvunndn (Surface mount device, SMD)

(4) HARYANAFDUNIAAUINAUKUVAMTUNTILATIEM anentnaIsmatlaan3IUTe-
Tawmuuns

2.3 ANWINTIATIEALENEMIEYANAFOUNIAFUILAULUY

(n) Anwanudululddmiunsiensilavendnunasguuanden, asiuazdingd
lngldyanageuninauINfuLUY

() @nwranzmmnzanlunisiiasgilangninunsgiudie lagldyanaasy
AAFUILAULUY

(A) AN NUSHUMIBURANTITIATIELANENTNNINTFIUATN TENTNNITIATISNAIYA
nagsuMAaILa T TuINRsgIuv eI TuTsensy

(1) thyanegeuniraumsukuuInUszgndldiunsiinssiusinalaveniinuanidiey,
pzuardngalusedneahmzaduae

2.4 NMswgLNIviTatneneneAnusuangudming
(n) wisunstiauenasdfoiluuuusine wu matiauslunisussry, maansanie
nsdneusunsTiEmsteseilmiivaudududngudmane
(¥) Ww3BH manuscript dnTuNTANNNHaNUITElUITAITANN Lﬁammmiaaﬁmmiﬁ
wAngud e

1.4 Uselavunlasuainlasanisive

3

Uszlewdiinainezldsu avliianudnsa
o iBnsdunszsieynmnludadivi e swnuidvatuauysal Tauussan
Uspendlidudalnihdmiunisinsey 2556
lavzuandiel agna wavdanyd ° mgmuﬁﬁgaﬁﬁamuﬁfﬁ YJauuszuned
2557

o liyavpgounmawinsuwuulddilii - @ yanadeunIAELINAULUY 31U 2 YA
aunautudadndmsunisinszilans

v Aaa 3

® {HaIRLANUY ¢ nanITANluuYTEYAYINg
JEAVUIUIYIA (Burapha University

Interna- tional Conference 2015)




® HanudLTVEeRYlUTUNUYDINITIN
suatuuneideiieRnuiatlusans

Uszlgvinaininazlasu

AURIINANNEUSD

®  NISHANLER

o anldnluszaudlayns 91uIU 4 Au
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- U9EIARNS FUAS @sansinuuda)

- U9EIBANTRL HaddsIal (@N5aN15ANYY

waa)

- ygannaeIng ey @n5ansanw

waa)

- WA AERsAs (Masdnweg)

o antanluszauUTygln (Aninag
dusansanwluln.g. 2559) 1uau 1
AU AD

(%
Y 1

- WINEATIRNIUNA YLUAILLR

<

o mstiausnanuluNTUTEYIYINIG

o JuavenaInnslugluuulaines
TunsUsegaInInNIsseAuef “menemans
Ao~ adedl 6 lotuil 20-21 Tunew 2557 o
wIneaeysn (WSuseTasesyusian
gusiu 1 MatawenasideuvulUames
nauanvedl)
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University International Conference 2015”
on 10-12 July 2015
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V18] NTBULUIAUAA LaTITIUNTTUNNAEIVS

2.1 N8 LAZNTDULUIAINAR

2.1.1 msaunlnlihayairuludaiv
Plf1Usen (mercury electrode) lasunseeusuegiinineineindivssansnings
Tunisasiaialangnin Wesnausaiadulansuauiulaneaneguinuneg egrlsiniu

= < a o o d' a & o 14
Wesananuduiivvesuseniaraitueindruintunismdaiilaiianisvuideu il
Unaneeansialinnudfyiunisaunitnivendan i awnudsen [16-19]

dieliununnll Jaindadiaudfvasyssdnsnmadieiuuseneauisaiadulane
naniulavesna lauiy wenanlidlivsednsnmlunisnsiainguardululinsdedsndoy
o v v ¥ oa o = & o dAa Yo o = ) @
anag deliutadnianaeduianndedlddwiumsesoudutilniunudsenuayludagdu
NAFvdmmndunsiann i Sadvluguvestaluih Jadvitdy (bismuth film electrode)

1 <3 I a Y = 4:4::941 Aa o . . pe
[20] agslsfiny WlunaulainTaguiluedinuniadnmnzgs (high specific surface area) uag
v & da = g [ a a a ] ! a

WAINUNUTRIGS (surface free energy) BeludnvaeNiusednsamniloninniseseulugy
YosiduInUszgnaldiuwugeinand ildfins@nwduairiuwiiiagg

nsndeszilansninlagldisnaadlnih aziuiufiseresndindu/Adndu

@ a & da & Y g ad da Yy 2@ 1
vaslangninagiinduiiivesta gy wagn1snvilnihdnunruinuanslvidiuing
suwsdeslilumsiinugisenailiiiunnnd Feanansadamwaliladsluininisnevauesgs
wiaflan nlalunmsiiesisigs wasiluiivsuiuiusinaiuiiansinieshilunisiiaufizen
(specific surface area) YupgiurwIAKAEN1INTFILMIVBIBUNIATINUITILWT Aslunisan
YRaUNIAAETEAULIURENaI IvUsSEAE A MNSIS]iSenlaeuia Wiadu wenanilvun
BUNATILANAITY LARIRIAINLANAIYBIBNTIAIUTIUINBEABNT YOU (edge) 3y (corner)
wagiani (facet) Muandafiume lnen15anasvesuInoyn1AvinliduIuesnoauilidus
(unsaturated sites) NFunUvaUNTOYULINT@IWNNNVWBL B U UDEAONDEADUNRINTN
Feeypauiiuiava1iliduiuernauiidensau (coordination number) dogdwiiauaninge
lunsaadunaziadhsianisfinu]isen Fedmaliussansnnlunisasiadadivgu dseeunis
Weaeiunmslgvilainaniaes (single crystal electrode) lunsAinwufazenaiildin [21]
wanslimdiuinujizonadliraoaluinduujiserniedadenisidasundadiaseadanui
(surface sensitive reaction) AedulunsilvesounAuluransenuvedlAsas g AyuanaIN
YUIAvesauNIAlaneTldvi Il udIn153nLToavesa AU UUNURINUANAIAY (shape
effect) AmsdmasieUsz@ninmuazanudnnizlunmsanaiade Wulldinmsdnsesiives



pgmpufiuiufissnuvlawuunis Wy gUseuvugnuIAd sUuiuamdsy asdunisiia
Usgdninm arudinng sauiannuansalunisuenvesdaya e

Tnsams3deludiud 1 @euUszann 2556) aztn3oueynauluyesdasimiiingg
NTEA0AIVBIVUIABLNIATILAY (narmow size distribution), Tvuaseq Turaenuiideanis
(size controlled synthesis nanobismuth) uananiagwienoumauluresdainguinwiigg
fiu (shape controlled synthesis) wu JUgnuiAn, sUsNy, JUWILaz UnsInay Wudu eunie
ulufiwdouldazgmirluwdsndutalifileAnvmavesuiauarsusnsioUszansamlunis
nsraflaveniinugu axt wendlen dngd Dudy TnseumeaulumaiaggninluBaoguus
sesfumsueuituiiag (activated carbon) wagldwediwosuinluil 1wy wuiloosu (Nafion)
HushusrausrihetalihuasSaimuuaniveusessu asSendalwitwiaiin Nano-bismuth
fixed electrode Ingnanisnaasiannisinvuiaiidnaswesdaivluseivunluazdaeiiia
Uszansnmlunisiinufiseneendndu/sandu vilidanuieshlunisnevaussredygala
Fntuasruinoymafianganazdmalida i dauaiiosgadie uonanininiaufazen
argvuiuiiiafifinisdadssesmeunuvlauuunivlundarsuing asdoifiuaninlalunig
Ainszvinseinsnevauesdyanaiinududud saurdasldauannsalunisuenves
Fyaafdu doinaananinfindyyinuusyniaiiiinisdndssuesernenuuiiuiiiag
mannviany lnseavirindidninsafiianutudasdvssansnmaafiomed asdunszgndld
sl RlaneninUsuulpewIalaun (trace and ultra-trace analysis) Lagd@nen1n
neflariunlifussuunieneinieaulddndis 9nguill uansnmdraosdalnioynia
uﬂuﬁﬁﬁwﬁﬁmmeﬁumwﬁm%’usqﬂmaaumﬂamméfuLLU‘U

(n) MUY (V) NI UL
W hiheynn wlwiieldun Wihriau (we) Nano-bismuth fixed electrode
Electrical cable —>L

Insulator resin

Nano-bismuth fixed electrode J

JUN 2.1 (n) mwdraestnlwiheuyniauludaivlddudalnivinudmsuganaaeuninauiy
AULUU ez (1) nmanunivesddliiheyniauludaiv



2.2.2 Myansizilangntinmemaianiaad i
nfinanudrtnedu 3anshassivsinalavsuiniiodomadeniaadlnifidey
T¥ivainvaeds 1un wedalauwnuums (Voltammetry), wouinalsim3 (Amperometry) &4
Jumaiiafiaunsansiatalangnsnudunadesieiosunls (Trace and ultra-trace metals
analysis) [3, 22-23] Inianizogdunainansudaliaunuuvdaunsonovauasnoasidl

'
[y [

AT usERUAIER (10 °—107" Tuand) waranseeudss [22, 23] wuinseruanududy
voslavgniiniifoglutmeiaussinneieg duagiiseduiidinds 107 wans dedunsdenld
wafiransutihawnnuritdadumaiafiienumuean uwiegslsinudloanududuves
Tanzuiniigosnsinszdludmziaiuiimud aduiidnnn mndesdiduneunisifiuiiedis
udnhaniesziluiesufoing ervhlmAansuuwdeuld Seduininenmansisldneranwd
srimun seaesiildudnluiivieansainseildnnaaauuifioandymdngty us
agnalsimusruuiinszininaunaildsunswamntuiniudussuuilng uasAoudsdudeu
shuvdlsaiuwedneae

2.2 matlaan3uTslaaunsaums (Stripping Voltammetry)

waransuldhaunuamdidumadamaailniedavidildSumnudeueg 1aunnly
Asinszflany st aunsadnssfldediesamss uSuaasseduiiondndos
uaﬂmﬂﬁé’qwudﬂLwﬂﬁﬂam'%ﬂ‘ﬂahamem'%ﬁmmiaﬂﬂumﬁmeﬁqaqmﬁ'auﬁauLﬁauﬁ’u
watan1eg Tulrawnuiunidagdu msizuenainmdanseualndinrur@nnlawas &
Usznaudetumauiiisenin accumulation step nSeunensee1aiiendn pre-concentration
step davililansiFoans tian1sBameiiiantitaluiinghay (working electrode) vinleidl
mududunnuiafiuanuseshldfumsiesest Sntuneuniie Tuneuansude Fetuies
”Lﬁﬁ’ﬂ&ﬂﬂﬂ%ﬁaﬁﬂﬁmﬁﬁLﬂﬂzagﬁﬂaﬁﬂzalw%ﬂazaﬂaaaﬂmzjmiazaw (stripping) A79819N51N
auduiugszniedndlalihuasnarvestunousneg lumedaansuds uasshegradraunla
unsuilduansdiaguil 2.2(n) way 2.2(1) sudd



Accumulation step

= | M*+ne-—> M
Ed M“\l
.\\ . .
() Stripping step
E o= eeseee —‘;\ .
B M —> M +ne
|
i
E  kesssosuisd SRR
: . Time
Cu,
E I ! ,.l‘ o
g | cd  [id,
5 f Y
(W) gl A S
Potential

JUN 2.2 (n) nameuduiusseniedndliiiuazatvewnadaansuleliaunuums was(v)
mageliaunulauwnsy

Tulassmsidedldldmaiaawas-trhawmumnidmiviuneunisansuds 4
wedaaums-rmhaunuamidagdimslidndnihludnuuedduied fuandugui 2.3 Sedod
voenslrdndlnihdnsasdagianmilunslinseige uardnunseuailiald angedl 1
uaz 2 (U 2.3) Ao i; uag i (§UA 2.0) mudidy vdsansnauiuaglihaunsiluunsudady Al
Faguil 2.4 Feeugevesdnanaesuusiulnenssiuanududy

Potential

— T — Ai=iy=1Ip

Time

Y 1

JUN 2.3 Megrnmranuduiussenindndniuazinanvesnalinauad-tvliaunanums



Current, pA

-5
200 100 0 -100 -200 —-300 -400 -500
n(E = Eypp), mV

UM 2.4 dygraiilaanmediaawais-nnlaaunuums @uas-nlaunuluuns)

23 ﬂ']5ﬁmu']°qﬂ‘1llﬂﬁ'e]Uﬂ"lﬂﬁu']ﬁJéllutLUU

Fatululasen1sidedl (@ 2557) asfmunszuunisnsnanuuniaauaiifvunadn
s179n Ainsgsinaldgndsududiuazsiniy Snvadnduganaasuiiliifusuniede
Aswandeumagldoyniauludaivyhdalaiivien 9nsuil 25 wansnmdiaesyanaaey
maaafusuudmiunPiengilavgninfiodevdnnisasiuldhauwnumilaglddali
sumawludainiivanniu Sepvegeuniaauudusuuasdsenoude 3 du fo

(1) dhuftussyanssogauasinsadalnih (seuu 3 G2l
(2) dunyumumsaraeiitetaslianstioraudiine neandudefoatusasdeluszuy

YDINIANAALTNTU (pre-concentration) Tumallaan3uTslamuunisie
(3) EUNUANINANTITILATIZN

WE CE RE

AUN 1: VIIYEAIAIDY
a ¥ 2 9|

nazAnaaand i

AU 2: NyuNIUAIaZaY

(stirrer)
1 = a d
AIUN 3: LAAINANITAATIZH

U 2.5 nnTaeaanegaunIRauINRURUUE IS UNTIATwlaveniina el liieynia
wludadv : (n) wansdInyszNauYANAADy, (1) NINATUUN kAT (A) NINATUNES



() 2INWE YUY () NINAIUYAT

e a—— winasRan s T dua i i 3 wiia

a1 WA eI

unzaanan Tl

i - . '
TIUN 3 UTAIHDNTT NATIEN

=

sUN 2.2 (s9)

2.3 NUNIUITIUNTTUNLNYIVDY

L19937n1ATINSITeTnUseantdu 2 dundnde d1uU 1 AaN1SAULAIIERLATAS
Dlnheunuludadviazdiun 2 AoN1508NKUULALATIYANAGOUNIAAUINAULUY ALY
o ) = = & ' = a
ANSNUNIUITIUNTTUAIMSUNANTSANE TLTIUUSZUN 2557 1 22U8Na1 0 NIEITSUNTTUN
VTR INUAIUN 2 WU
N1SNUNIUITIUNTIUTLNYITDINUTEUUNISIATIZNLANENAAWNI

AINANSNUNMIUITIUNTTUNNYITDIENTUNITIATIZA LA ML NTN LUV NP AUINTUNUINI]

£
a

Mseeuldinnidndamuinssuunisasiatnagldidumaianiaailni [22-23, 30-32] vl
wzfuweiafiaunsaiilvdluuiadn (compact instrumentation) wazdagiasnismasluiing
#1 (low power requirement) evinlimadianiaadlufinduifeuldiluszuunsindalunis
AATITRN AU

Tud 1995 Wang, J. uagaue [30-31] S189UNSHAUIINGU (Probe) dSunsiasIeu
Tavegivudousgludsuindenlnsnininsuiifautuguadluuvasinsssusfuagyiing
as9TnReisansuladhamuans egrslsimudayminuionduiliinluundwisssuunid
NansENUsEN IR TansuTdhamuuy’ venantudmuiymiieiuandlluiuey
Y93AMULIILeBOU (lonic strength) ﬁﬁagﬂuﬁﬁmqaLLaz‘ﬂzwwaqaaﬂ%wuiul,mémfﬁﬂfiqmaﬁq
NTAATIZRDNME

Achterberg, E.P. uagatig [23, 32] Wauin19asignnnauulagldssuunsinsizn
wuulua (Flow anaylsis) mugjﬁumimsaaﬁmé’w%’%am?ﬂﬂa‘bamuLw%ﬁﬁ%ﬂw%ﬂiamﬂu%ﬁ
vuddinanisnaasadufitmelonazannnsaiinisinseiuuy real-time ag1slsfiny
wuhspuuiiiauntuiasdeddtumaedinlvszuuiienugeendudoufumntuwasSadsia
qqsﬁu%ﬂﬁw



Tul 2005 Goodwin, A. wazAug [33] Iiauonislddalin boron- -doped diamond
Ineldinaila sonoelectroanaly5|s siinnpaundnsunsihianudiinassniialudmee
‘ENGUE]G]“U’ENL‘VIﬂ‘L!ﬂIUQ’]U’J‘U?JUﬂ@ﬂ?iaﬂmu@@usﬂaﬂﬂﬁiLG]iEJﬂJG]’J@EJ’NﬂE]‘Uﬂ’]i’JLﬂi?u‘Vi’eJﬂ‘VlﬂL‘U‘u
wadafidanudunzinnzamazanmblunmsiingzingsie

N1SNUNIUITIUNTTUNLNBTDIAUNI5 IS e laveludngiasenadaniwad b

o

o a a ¢ ~ A a Yo Y] a I
a']‘mi'UL‘V]ﬂu@ﬂ']i'lLF’\IT]S‘VWVNLﬂNIWﬁWWUSﬂJIGUa']VﬁUﬂ']ﬁ/i']ﬂill']ﬂﬂaﬂzﬂ?qllLGUlISUu

g Tuasiduiidenlaun 35ansulalaaunuiauns Gstripping voltammetry) k8211019
numussunssuiiertesnuindnisiaundaluisiade augiunisliisansudala
AUNULUNS A9A218819L9U Guell, R ayAuy [34] 1auansly screen-printed electrode
mugiuSaunsimerTuinansudadiaunuium’ (SWASV) iledszegndlddniunsinsie
msUsinamzMnasuanionluimeia, Sequra, R. uazanz [35] Idiausnsiaundalnih
Nudamdmsunishnszsimdnlutmzialagldinedia adsorptive stripping voltammetry
Faduisifimnudumzanzastumslinneifiguazianmllunsiinesifigaduiuuay
mndesnsiinanmlilumsiessiiuaunsauuasuduneulunsiiiuanududy (pre-
concentration step) UBNaINd Gun wazANE [36] lAWRIU1 mercury coated micro-wire
electrode Wa¥ mercury coated gold electrode éfm%’umﬁmiwﬁmﬁﬂiuﬁvﬂmLaimai%’
wAllA adsorptive cathodic stripping voltammetry Hudu

MnAMEEYuaE T nIMUMUITTMNssufina gty vlFauediided
anuaulafiasiauszuunsnatalaneminusunaties Wy wandey, aefuasdanyaluii
na dlavgnidndinandndussidiaamunmuenimea lnsaginsdaaszieyniauily
Jasmiidvurnuargusnidausumedulanewind inlddanudunizuasidndidanis
pvinanadldindasmng fumsanaialaveminluimsawazdiannsatheyniauludadni
Huesesiiiaundudalaiiniey @sslifsnsnumsinui) iferumnzautugnnagey
aaauufuluulngefevdnnsaniuddaamunmiluszuunsiiesginuy Batch d9anansa
antlymsuniuiiinnenuusslessuanunasiiishaiulduazanilaym convection Mfindu
Mnadulinzadnie uenaniduhliyanaaeunirausdunuuifnagnnglideddd

Tuszuuwazfailitivunanneyinsndnaie
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ATANHUNISNAADY

3.1 19093 LazasAN

lunddeiilaldinsesdieludunsunmsdunsizoyniaululaivn uaznsfnwdnuue

g

Wi wargUsveteunauludadvsnsduneunisiheunauludainluvssendldlunis

=)

LWASIEALANENRUNING 3 A Lawn d9ned wasdley waznend Aemadeansuladiamuuvs taeg
UNIaiazansAtNguanIfan1s1en 3.1 hag 3.2 uaieu

RO

a a ! a o A A g oy
M99 3.1 D, U, UIYN wazUseinAvaaIoadionldy

afu  1Asesile, U Usun, Useine
1 m‘%admgum"jm (Centrifuge),Neofugel5 Heal Force Bio-
Meditech Holdings
LTD, China
2 \A3DINULLWEN (Hot plat stirrer), Model C-MAG HS7  IKAWorks (Asia)
SdnBhd, Malasia
3 NADI9aNIIAUBLANATOULUUABINTIA (Scanning LEO.CO.LTD, China
electron microscope : SEM), LEO 1450 VP
il NADI9aNIIAUBLANATOULUUABIHY (Transmission JEOL LTD, Japan
electron microscope : TEM), JEM-2100
5 Lﬂ%dLsushmﬂmaiﬁi?ﬂ?m%mﬂ’amﬁqa (Ultrasonic Protonicintertade
sonicate), Model VGT- 1620 QTD CO.,LTD, Hongkong
6 S amadaULAiin (Potentiostat), PGSTAT-20 Metrohm, Switzerland
7 wSemagounaaili (Potentiostat), PGATA-204 Metrohm, Switzerland
8 iAlli8n93e Faned/Faesaanls Metrohm, Switzerland
9 Falwitharaunaiich
10 salihnaradaiveu Metrohm, Switzerland
11 Lﬂ%iadﬂébuﬁ’m%?jwé 'iq'u Ultrapure Water System Easy Branstead

pure LF




AN51997 3.2 TB, LNTA, USEN hasUsenavasanssainty

aeu  a@1s.ad N5 Usun, sz
Tamnlumsanunzlawmsn LNIAATIZN Sigma-aldrich, Maxico
(Bi(NOs3)3.5H,0)
2 ahdalnlsdlau (CsHoNO) WNSALATIEN Sigma-aldrich, China
3 itdulnaa (CHO,) LNIAILATIZIA QReC, New Zealand
4 lans@ulansn (HeN,0) nIAesUURNS  Rankem, India
5 LNUaa (CoHsO) LNSAIATIEN Baker analyzed,
Malaysia
6 Thunzdinnlnslawnsn LNIAILATIZA Ajax Finechem, Australia
(CH5COONa.3H,0)
7 NIALOTAN (CHsCOOH) LNIAIATIZN QReC, New Zealand
wuiloau LNIAATIZN Sigma-aldrich, USA
9 dangd (Zn) LNSALANUAISA lobachemie, India
10 upadlew (Cd) LNIALANUATIA Ajax Finechem, New
Zealand
11 he (Pb) LNSALARUASA Ajax Finechem, New
Zealand
12 Ta1991984 (Certified reference NIALEAUATIA LGC, UK

material : CRM)
Estuarine water 59d LGC6016

3.2 N1SM58NEITLAN

a

3.2.1 NMswseNasazanguWasLaTBen Wev 4.5 USunns 500 tadans

- WSNASAYa SR YLD TINANULLTY 0.3 1uans Wetdaneukatwnutin 2.04 N5y
avanelutinduwantos WamInIaUsuInsILIe 50.00 faaans WutnnaulrnauanUsung
- PNUUFSHUATALANYNTAWBTANAUTNTY 0.3 Wwa1s lnenansaLedfnudy 1.7

a a

fioddns wadurniatiiasuuin 10000 faddnsTiitiiussgey 50 fadans wusuusinadlsiis
Yauandsung

- paNansazalvRaNLeTLANANUTLTY 0.3 luans USuns 40 Haaans wazansazais
NIALBTANAMUUNTU 0.3 Tua1susuIng 63 Tadans adlurlninuSuinsauna 500.00 Jaaans
ntulUUsIRIdstinduaui s auenUsunaswe g Ty wawinnsnaaeuanilouiae

\PI03IAANLEY (pH meter)
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3.2.2 nMawiseuafanansazaneRnsgIulavieninanuduty 100 NadnSusadns

3.2.2.1 afilonansavaleunesgudansd

UipansazaneunnIgiudansdiuduy 1000 Tadnsusiodns Uu1ns 5.00 1adans a9
Turin¥ausinasuun 50.00 fadans Mniulsulnesiiddavenusumsieasazaeivies
WeWN Loy 4.5

3.2.2.2 afoNansavaIuinesg LAy

Vinansazanesnnsgrusandlenduty 1000 Jadnsusiodns Uums 5.00 1adans ad
TurandaUsinnsaunm 50.00 fadans MntuUsUUSIRslRa@auenUSinnsseasazaetine
LaTLAN Niey 4.5

32253 a&”aﬂmsasmamm‘gmmﬁ"a

Unansavaneanesgiusgiadudu 1000 Sadnfusiedns Usuns 5.00 faddns adlu
AIAUBINASILA 50.00 faaans TnuUsuUsineslnaTauenUSinmseasansazane e Sued
W Wey 4.5

3.2.3 NSwsENENTazaNENINTTIURANSINE, uandien waznzna drusumsaiinsu
UINTFIU

WPIREUANTAZANENIRTTIUNANYDIEINZE, wanlley LazpeIAUtuTuseY ety
v 1 I3 [} a | a
nsasnTnanassulaewUsly 3 JULUU Aans1eR 3.3 drunsnsrinssguaninsawseulalag
MnsUiUpansazansannsgIudinsd, wandloy Wsonznaiuty 100 Jadndusodns Uu1nsemniee
MNFNTNT 3.4 MTUNMTATNNIMLINTFIVEINLE uazAndlen wasesWN 3-5 dmsunznd adly
IAUSHINTVLN 25.00 Haddns warusuusunsaunauandsung

'
[y

MTIW 3.3 MSRENNTMINASHIUTEsENTazaENaNdINyd wandley wasnzii dmSum ez
TavigntnaeAtnawA I IWALNILLIYS

sUnuunTHINATIY anudiutuvasensazaieinsgu @adniudating)
danzd uAALg Az
SULUUT 1 : Sinsevidangd (n) 50 30
gULmuﬁ 2 ApTgiuanley 80 (n) 30
SULUUT 3 : Sinngvieem 80 50 ()

e : (n) radaturesdenyd viseunndlenuiunumsadi 34, (@) anudutureangnuTumumnem 3.5

14



M1 3.4 USunsansasaneunnsgIudengd viseuwandlen Anuutusgeas 100 Tadnsuse
dns wislddmiunisaiensmuinsgiudingd viisuaniie

s 4. USunsansazaneunsgiuaadudu
ANUudUATazAIRUINTIUNGBINTS o s u s
“ 100 fadnIusiadns

WSUUFINTH ViSouANLNYN

(lulasans)
(ulasn3usiading) P =
g9 LbARLIE A

10 25 25
20 50 50
30 75 7.5
40 10.0 10.0
50 12,5 12,5
60 15.0 17.5
70 17.5 20.0
80 20.0 22.5
90 225 25.0
100 25.0 30.0
110 275 35.0
120 30.0 40.0
130 42.5 45.0

15



M99 3.5 USUI95aN98La18UInIFIURZNY AUTNTY 100 Tadnsudedns wWelddmiunis
a519n I MIIRSFIUREM

USunsansazanennsgiuanududu

AU UTUAITALANYUINTFIUALN . v A
® 100 YadnSusiodng

figpensndou (lulasans)

(lulasnsusioding) 1
A7

6 1.5

12 3.0

18 4.5

20 6.0

30 7.5

42 9.0

a8 10.5

54 12.0

60 13.5

66 15.0

72 16.5

3.2.4 NMSWSENEITAZAN8A DL

o | Al a o  w . a Y i w W Y a .

megnnldlunsimszidmsunisnaaeddl 2 vla leun freg193a9871984 (certified
reference material : CRM, S%# estuarine water LGC6016) War@ae19u1nsta (sea water) handnd
AANUIN (N)

M) MsUsinaedaneninluasazanefieg1anieis standard addition

TumsmUBinalaveviinuaniden uazeyialuiandnads (CRM) Tnasievansazany
frall

(n1) dmsuuandon Ywnmaeg1e CRM Usunns 1225 lalasans asluwininusuing
A 25.00 faaans UsulsunnsmeasazaieUvnesesinm Ao 4.5 uDUAUenUSUIAT

(n2) dmsunandlon Yiunsaeg1s CRM Usunms 505 lulasans asluvindnusuing
A 25.00 Haaans YSudsumsmearsazansUnnesosdiem Ay 4.5 audWauanUsung

16



INUUNATAZTA18AINET (1) %58 (12) asUnnasuun 25 Naaans walrtiun
asazansunsgulavsvnueandlen vsensnufuadulnines lneUsunsvesarsuinsgiulans
PUNVDILANLL SULARIAINTTIN 3.6 LALALNILFRINIBNTIN 3.7

MITNN 3.6 ANUTNTY wasUTINesTRIEsaYaIeNNRsE LAl sud UM I USinadlavienin
A2835 standard method

ANududuaTazaIsInTgIu USunsansazanguInsgiuaadudu
uaguiliAy 100 HadnIusiadng
(ulasnIusiadng) (lulasans)
10 2.5
20 5.0
30 7.5
40 10.0
50 12.5
60 15.0

'
(Y

M50 3.7 ANUTNTY kazUSHINTVRIETAYAIBINAIT UM UN IS Iailavieing e s

standard method

ANudadua1TazaItNInIgIunzn  USuasansazaneunsgiuasdudu

fidia 100 fadn3usDANT
(lalasnSusiedng) (lalasdns)

6 1.5

12 3.0

18 4.5
24 6.0
30 7.5
a2 9.0

17



3.3 25 UUNISNNaDY

3.3.1 msdaasizieyniaulluadin

(n) vlAnsInau

1u%umaummmsé{’qmeﬁaumﬂuﬂuﬁﬁﬁmﬁ@wsaﬂau fuaszilnededamaaslss,
Tnideslensenles uaglnalfalnlsdlaulusandmiifeins azaesoiefiadulnaneayiuns
40 fiadans ndumansazarsasluranaiune (three neck flask) LLé’aam&”’quﬂiaiﬁquﬁ 3.1
Tnomuaugamgilviasii 175 ssmwaldea Wunan 60 uifl meldannzufalulasiau Wedls
szognaditmuaudy asazasluninaunemadunedloufuiiovgaujize Mndud
Fetomuaavats 9 ae udrlumissdieinIouniss tilowsnazneusen wWieyaiad
Fuanilaliuinoufalulasau aglfoynauludainiidnuugidunsasBoadd 1
nznouvasoynmnludaimiildifvadunvuzdaneldannzufalulasiou Wethlvinses
Audnun wariuiadendenanssmididnasounuudeansin (SEM) uaztiluasradudalii
diednwanudululalunisieseidingd, uandon waznzisely

(V) YHANTINY
Tuddeiilavinisduasgieuniruludadvnaiauis lnededadnluasmnunsls-
4 a a a a aa :’I a = a

Wsnarantgmeeiasulnanealsuing 12.5 1adans anntuumefadulnaneadsuins 52.5
faddns adduvinaumen lnsRadagunsaliagui 3.1 imsiiugumgivesansazatgauiia 175
DIALTALRYE wadnena1sazatsUainlumsamuszlamsnadldlurinaiunssgeainauslngly

& 1 ) A a a I3 = %
gunsaldigven ntualuANgmaln 175 ssrtgaideaiduniaiussuia 150 w1 aele
anzwialulnsiau LﬁaﬁaivsvmmﬁﬁmumLLé’aﬁﬂmiavmaTummmmamaﬂuwmuamﬁu
Lwamﬂﬂgﬂim A198LENIUDANANY 9| a%e udihlumisaseiesounisaitousnnzneoy
mﬂuumaumﬂimmqmaLma"l,uimwu mimaummﬂuuawwmawmuLﬂuma v dunden 1
nznouvasoyneludaimildivadunvuzdaneldannzuialulasiou iWethlvinses

o L a v Y fa & | ° Yy & O

AANBE kaTTURIAIENADIRaNTIALBIENATOULUVADINTIA (SEM) waztluasradudalnii
) ] a ¢ & = ~ Y
WaAnwanudululalunmsiwseidingd, wandloy wasasmeasly

18



(1) mauna
TuTasou

(2) ADUIAUITDS
(3) mo3 luiimes

(4) N3dvvivA

(addition funnel)

Uil 3.1 mwdmmsaméfnqﬂﬂiaﬂumié’qmiwﬁaumﬂm‘luﬁaﬂm () n3enay uag (V) NI
3.3.2 msaddalnfaunauTudain
wigneunauludainanuduty 0.5 nsusedns luleniueausung 10 faddns 910
fullnuuiteauuiing 100 lulasans adumneyniauiludaivlueniueadingry udaly
wehdeieieurdedsndunm 10 wifl mnifulnasazanedandnvenasdalwihnatad
AsvouUias 10 lulashns (adses 0.5 lulasang) AdiuiadielUldlunmsleseidned,
wandios wagmeiaioly uazangui 3.2 uansiunounianioudaluiheynieuludasiv

oymanTudadin +
a - aumaM I udain +
uuloau + lamuoa $ ‘!w
p ’_- < uviloow + emuoa
¢ 7 3 ) c
3 > naFMIVOY
- (GCE)
wguiluna 10 i

] (%
I (Y

JUN 3.2 Funeunisiwsentilnihauniauiludadiv
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3.3.3 NISANWIANIITTIANILAURINSUNITIATIZIA 28w LuAnanSUT9aa235 -+
TaknNuLUNs

= IS

Ansunisimsevidaned, wastley waznend saewalaawals-nliawnuiuns e

(% IS

nsinunTadosneg Ainasodyaos ixwioluil
(n) szpzialunisiniz@a (deposition time)
winutalwihoynauludaivsiansnan aeldanngfvunzan anduaindurii
asaaalanedinandomadauelufnaniuls aunds-aliaunummd lnefinwiszezinand
winraslunsiniziin 3nnsUiulasussesiainsiniz@in Ao 15, 30, 60, 120, 240 uag 300
it waglddndluihlunisiniz@in (deposition potential) -1.4 Taad, Aud (frequency) 25

830, weundgn (amplitude) 25 Tadliad wazaiulnmudea (step potential) 4 fiadlad

(@) Al (frequency)

L@‘%&Jwﬁzﬂw%aymﬂuﬂuﬁaﬁwﬁmmmam meldannyimuvay mnduriingiada
Tavzsananmeomaiawelufnansue awnri-nliaunuun’ Insfnwianudvesdndglatiig
wingay nnsuSuasuanuavesdndlnin Ae 15, 25, 40 wag 50 1850 wazlddndlniinly
mManzin -1.4 Taad, sseziattunsinizia 25 1830, weundyn 25 Tadlad uazanulnmu
Wea 4 Taalan

(A) WoUNAYA (amplitude)

wisutalwiheynauludaivedansinay neldanefivangay anduramata
Tavgdanansemaiauelufnaniuds auaas-mlauwnuiams Tnefnwiuesmagailivanzas
InMsUUIUABULELNAYA fil 15, 25, 35, 40 uay 50 fiadlaad warlddnglifinlunisinizin
1.4 Taad, szevnanlunisinein 25 1B5m, mnud 25 fadlad wavadiulimu 4 Saaliadk

(9) afivlmnuiea (step potential)

wisutalWioynauTudaivedansinay neldanefivangay anduramata
Tangdananamsmadauelufnaniuds auars-nlawnumm’ lnsdnwradulnnudoad
wnzay annsUSudsuadiulnmudea dadl 1, 2, 4, 8 uaz 10 faalad audisu uagld
dndlnfilunisinizdin -1.4 Taad, szezinatlunisiniziin 25 1899, Anud 25 Saaliad wound
30 25 Tadlad

3.3.4 anwaztaulun1siaszi (analytical features)

Snwuzeulun1sieseiniinisdnelusnuided Town ¥reanududunse (linear
range), AMANUITEANTANTUNUS (1), AuLadesveUa tNHN AW uITY (stability of the
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electrode), InMAAIGAT04N1305337A (limit of detection: LOD) uazlininfinmngnvednis
AAs1zsiuTun (imit of quantitative: LOQ)

(n) ¥r9ATudunss (linear range)
nsAnw1rsanududunsevesdensd, uanlon wazazia lnawmssuaisazaiony
Widef 3.2 uanhlvindyaralaeldmedaueludn ansudeanais-tanlaunuwums

(¥) Pnadssvesta i diimun Ty (stability of the electrode)

nsAnEIALLERES YR I LI Tiaun Ty %QLLaﬂqmaiugﬂLLUUsuaﬁanawhLﬁmmu
UINTFIUFUNNS (%RSD) Tnevinsiaszinseualninildainnisnsiatnarsazane danva,
Lanles warmyi Wud 80, 50 way 30 lulAsnduredns mudEu 1uIL 30 ASe

(R) Tadriarnanvean1snsIadn (limit of detection: LOD) wazdindninmanves
NMTIATIERUSIA (limit of quantitative: LOQ)

nsAnwAdadiiaianvesnsnsain uardadiiamanvesmsinnziuiina Tagv
miaswinszualniiildannnsasatnasazarodangd uazuanilon Wadu 10 lalasnsu
foAng uaznzia Wutu 6 lulasniudedns S1uam 7 ads anduilusummendadiasan
18315072970 uardndfndanvenisinseiuiin uagdmiudiodan1siuIMLAnI s

AMARUIN N

3.3.5 N59LAT1EHEI15A20814 (sample analysis)

Tassms3deil Hnquaszasdiiionmundaliiiteynauludasnlunsieseidangd,
waniloy waznzilusiegisimeia Fddunismaaosildviinisiasiedinmgan certrified
reference materials (5%a LGC6016) LLaz‘fmzLamﬂu'%nmmwmwLLau 91433 standard
addition Tun15iesisilans finailaewwIeuaisazanasiegesdmsunsiaszinuided
3.2.4 (n) MM iademadaueluin ansulsauas-alauwnuna winhdyaia
Flumdennsi wazwanmanudidurestansndnludegne Fanseuamanuudy
Yolangninmaeds standard addition azuansluniAruIn ()

3.3.6 MIATNYANAFIUNATUINAULUY (Portable device model)
(N) A158BNLUVI9RTBLENNTENNE (Circuit design) LagN1TaAS19WHLIRTANN (Printed

circuit board)

(1) MsfnwUssaudmsunITitasIzilany (Preliminary study)
= - S T a ¢ & v g & v
n1sfnyndessudimiunisiasieilansiulaldngn (Fe) Wulangduuuulunis
Aasnamaasednmutleawmnyiannnn @anaaeunirauiy) nelavinnsinsesiniedsley-
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AANlIaWNULINS (cyclic voltammetry: CV) asiadaansazatawman(l) Wudu 10 Sadluans
Wisuieudaaunlanuiaies PGSTAT 204 (Metrohm, Swizerland)

(A) NMSANWWUDIRUFIMTUNITIATIZALANLTEY LazAZA?

nsfnwlasdudmiumimsziuandey uaraet dudulavedunuulunmsinszd
meiededlmmudleammaiannm (yanaaeuninaum) Ingldviinisinseidieisuelufin
ansuUsaunls-anlaaunuiuns (anodic stripping square-wave voltammetry: ASWV) 484
asazarnaNuanlsuuazazmeiaiosmmudloamnvdanann nan1svaasLansfagUT
4.17
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uni 4
NANISNAADY

4.1 Mmsdaaseiaunaunludadin

4.1.1 wlansinau

NnmsAnwanrvsnzaslumsdanszieyniauludainmsanay Tnevinsanu
Yadumnee) 19U 9ns1dUTERING Bi : PVP, anududuresdasimaaslse, Usunavedleneuls-
asonled uazdnsinmsiingungll wuildanneimuzanuansfanisned 4.1 Jseynind
duaeildiidnuasdunsasBonds (Fagui 4.1n) wasidlotheymafiduaeineldanio
Amnzauludesndesgansiaididnaseunuudeansin (SEM) wuiteyniauludaimilad
dnwazfunsenay uazilvnnnogil 17919 unluiums (3UA 4.2(n) Fsnsmauiaveseynia
fsnananansomldlaglilusunsy semafore waziilethluiinseviviavessiniidussduszney
é’aaLﬂ%"aﬁtmwﬁﬁml,%qwé’mu (Energy Dispersive x-ray spectrometer: EDX) ‘W‘U’J"]mgmﬂ U
Tudadniiduaseild fdadniuosiuszneunindosas 70 Tnsrimin Fgudt 4.2(n)

4.1.2 YUANTIUNS

nnmsAnwaneimngalunsdungioyniauludainmsaus Tagvinnsdne
Tadsinae wu dnsarusendng Bi : PVP, anududuvesdadvlunm, ssezniamsiinufizen
LagisnavgaUAAter Mnuan1sAnvmuiildaneinyauuansdansei 4.1 uagiloth
sumafiduaginelianngimnzanludosndosganssaididnaseunuudesnsin (SEM)
wuioymauludanildiidnunsdunsauis uasivunnegil 464+139 wiluuns (U 4.1(
v)) Fanrsmvuiaveseymauludaimienatn amrsanlelagldlusunsy semaphore
WAy uazanAdesuunnsgu (sd) vesunavdansausisimlfislotsniuisuiiioui
Andeauunasgiuvesvuiasiansanas nuivlansausialauinniedanssnan ognenn
(¥fiomzaunis = 139 uiluns uazadiansanan = 19 uiluues ) wazilothlUiinsgiviinves
ﬁmﬁlﬂuaﬂﬁﬂizﬂaué’aam%ﬁmeﬁﬁm%awé’wm (Energy Dispersive x-ray spectrometer:
EDX) nuteyneuludaniiduesedld ftasnduesiussneundniesay 97 asvmiin &
U7l 4.2(0)



M15199 4.1 angfvngadlunmsdaaseioymeniudainnsnay waenswna

Jasedidne anaefivinisAnen ansfivianzay
YiIANIINAL
® FH518IUSEIAING Bi - PVP 1:0, 1:2, 1:5 g 1:7 1:5
o amuutuvaslatneaslsa (BICL) (uans)  0.001, 0.003, 0.005, 0.01 0.005
ez 0.05
o inawadadulansanlan (NaOH) 15, 32, 45 wag 60 32
(Haandu)
o Sasmsifiugamall (esmivalasieuni) 2 3,6 wa 9 6
YNNI
® HKSIEIUSEINNG Bi : PVP 1:0, 1:1, 1:2, 1:3 way 1:4 1:0
o auuturaslaiveaslse (BNOy),) (flu 0.005 001, 0.03, 0.04, 0.04
a1s) 0.05, 0.06, 0.08 wag 0.1
o syozlalunmainuisen (W) 15, 30, 60, 120, 150 waw 150
180
o FmInyeise flBuitonmgives, EAaeRplet
vgaufnsenelevuea  vnusaiu

AU RS wEevUDa
Wy

=1

JU#1 4.1 amengeunaunlulaivda (n) nsanau uway (v) nsauis Aleanmsdaunsie
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ittt Element | W% [ At%
61 - I 3040 85.09
PE 6960 1491

2.00 4.00 6.00 8.00 10.00 12.00 1

preriurtsbsr il Element | Wt% | At%
8 m I 0271 26.70
P 97.29  73.30

Bi
-

Img 20um + . k 2.00 4.00 6.00 8.00 10.00 12.00 14.00

= ' 1% ca @ | a ¢ a
5U% 4.2 7M90189INNABIANTIAUBLANATOULUUERINTIA (SEM) LagHan1T AT 1¥n Y1
MELATOTIATIENETINGIY (EDX) ves (n) eunawlulainyiansinay uaz (v) vianss
TN

4.2 madratalniroyniaunTudadiv

Lﬁaé’almwzﬁaqmﬂuﬂuﬁaﬁwﬂ%aawﬁm wniunAnwanneimngaudiviunis
aedalwi ldanisnaaeaiensied 4.2 wasidlewrdaliiheyniauluieassdinuriinig
Anseidangd, uaaidlen uazazia wuihdrlwihoumeuudaiedenssnaudaninlilunis
Anseilangsaldinidalifoyaauludaivedansuns fgui 4.3 uonanidanuin
Srvnzguisvesdygailddmiunsinneidingdlasdalifhouneululaivudansanay
fanuamnasnnimsinngiiedilifhoymeauludainsdauisdnie uonandasiy
éingudin (baseline) vasdansddmiunisiiaszidedalifieyniauludaiveiouvsas
Aoutu Wawieuifeufugufiedldanisiengidediliheynieuludaineiansanam
frfulunmeaesiadenlitaluiheyniauiludaivuiionsnay findouaintaluiinanad-
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A15UBY (glassy carbon) Ladeusseyniautudainsianssnaudutaliivinudwiunis

AAszvsaly

M19197 4.2 angfimnzanrainsessutabiineyniauludadv

Uaendnun

ann2sNAne

ANZNUANITEN

® FPUNS b EATAYAELU-

1. vemeumaululaivneu

3. vignaTaraeL U oY

WoauwazaunAUIlY- asazanuluoau wsanfvaynAWluUETm
gl
2. nepEsazansluiloaunau
aunaludain
3. igRdTavaLLT ool
wieunvaunAuludaiv
o AUl uTedaunIA-  0.2,0.5, 1.0 uay 2.0 nSuse 0.5 nSUFDARS
q
wluaivyiing1e ans
® nsiaaautalings- lawiiloou wazlilduwioay  Tduuileou
Lulaau
YUANTILYI
— gilansnay

Zn
Cd

Pb

-1.4 -1.2 -1 -0.8 -0.6

fnd ifioudy Ag/agcl (Thad)

SUN 4.3 d@ua3sianl-lannuluknsudnsun1siasIeidgansd (Zn), waskiiey (Cd) wagnena (Pb)
\nt 80, 50 wae 30 lulasnsusiedns audiu saevaliinayneuludadvetianswis wag

ansenay (@EndA1nN1s1ERn -1.4 1288, szezainisinig 240 U9, AUD 25 1859, wall
WAy 25 adlad uavaiulnnudea 4 Jadliad)
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13U7 4.4 uansnmeetaliiinanadensuou wardalwihnanataveufindousie
oumauludainsdonssnay (dalwiheyniauludaiv) fanduihdlwihnaadesueu (U
filaa(n) agfarusiunniitaliihoyaauludain (GU 4.4 (@) dusandiifuiioynia
ululaimannsandeudniiiavesialninaiadasueuls (supporting material)

Ul 4.4 (n) Pfnanadimrsueu (glassy carbon) uay (1) Talwieyniauludaiv (nano

bismuth electrode)

4.3 N1SANYIENIIEINUNTANEIMSUNITIATIEHR 8L TURNERSUT9awA5-tINaunULuns

Tassmsideilaimund i uludaimelansinaududalifivhou Wevnninses
Tavigmiinin 3 oila ldun daned, upalou wazmea Fsanmefivanzaudmiumaiauelufnansy
U3 aum%—m\l‘[aamew%ﬁQﬂLﬁaﬂwm@ﬂiumimaﬁmﬁuﬁmLﬁuﬂa%’aﬁﬁﬁmﬁﬂiaaLﬁu
Uszdnsnmlumsieseile uazdanadonnuny 3Us19v0edya10a e Fodulurddeiaals
YMSANMAN ML AE MU TIATERE e Sravatlunsinigia (deposition time),
Aad (frequency), weundgn (@mplitude) uazamUlnvmudiea (step potential)

4.3.1 szezanlumsinizin (Deposition time)
PNNANTANYITLHLIAMUNTNIZHA evinnsUSuUagunalunsineRnvesasaal

De

15, 30, 60, 120, 240 tay 300 3l wan1sAnw nuadiessevatlumsinzRaiudu Sygrmn

[

getume (Aagui 4.5) uinszualninldasdengs usnudmszesna 300 Iuianwarsuinaves

Y

o = Ay v (Y 3 | = PN 1 a & o v
daauuaadenils sdunaiundygravssandouile liaunes snnsdaldssesinailung

WATLINUBNAIY wazmevsRafienad Tunismaaeslidadenssezalunsinmeina1si 240

3
Juiduangiwanzaudusunsinsginell
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6.00 =
¢ 7Zn |
%‘ 500 4 mcd ?
= Pb
S 400 - 3 1
,;‘; L 1
= ]
= 300 - ) 7
= ’ ;
- &
g 200 - ¢ W
E o ¢ E ‘
= 100 - ‘
i}
C "
000 I 1 1 1 I 1
0 50 100 150 200 250 300
szozna lumamzaaas Qun)

JUN 4.5 navlanuduiusseninanseualiihvesdyaunlivasssegnalunsinmeindmiu
MSIATIEREINEE (Zn), waniey (Cd) wazmznd (Pb) Wudu 40 lulasnsusedns (Andludanig
nzdn -1.4 1aad, Aud 25 183, weundga 25 Tadlied waz adiulmnudes 4 Tadlad)

4.3.2 anua (Frequency)
< o a | ] o av v aq 4 =
rruniuladefdmadoninues wazguswvesdyganlianisawnis-Lambaununams
WernudiinTulzdwavilvidya ey lnensmeaesilinns@nwanelivingauresniud
TnguSuilasumnuiidu 15, 25, 40 uay 50 L%imeé? mué’w@w’u LLa”mﬂi‘Uﬁ 4.6 AziuINsEualning
immﬂammmsﬂamﬂ“a wazumalondiAiintu donnudiiinty LL@ﬂi”LLﬂiWﬁ’leLﬂmﬂﬁiUﬁmm
ﬁuaqmvmammmamwmmﬂmw 40 1§50 LLayLzJawmammsﬂﬂﬂwamma ARy waznziaT
A 40 Banddudeululuiiemedndluiituaninniu wenaniddunamiuindidygasuniu

a ‘3 1% v & r-:qud I aa a s A o I
WA TuAle Aeiulunsneassidadonanudi 25 Esed Wsldlunsvinnsveaswiold
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6.00 -~
) ¢
vim 5.00 4 ?
=
2 400 - i .
= $ ! A
E L
ﬁ 3.00 - -
= . ¢ Zn
s= 200 - i
% m Cd
= 1.00 A
= Pb
[l
—
0‘00 1 1 | | | 1
0 10 20 30 40 50 60
ANID (1359)

gﬂﬁ 4.6 nsAnuduTuSseInszualnivesdyaailduaranudvesdndlnihdmsuns
Ansedenzd (Zn), waniiloy (Cd) wazmzia (Pb) iWudu 40 lulasnsusedns (Andluiinis
Nzfin -1.4 1aad, szeziia1n1siniy 240 3d, woundye 25 Tadliad uway afiulnnudea 4
Tadlad)

4.3.3 waunagn (Amplitude)

wonndgaiduiiafeiidiarionnugavesdyyuilinnmsinseisemaiauanis-
nlaunam’ Fdunmeassildvinisinuueundgaiivanzay TasvhnsusuAsuwound
90 dail 15, 25, 40 waw 50 fedliad mMudAy LazIINHANISANY Wuhnssualifdldanns
Anseidanyd, uanidion uasnzfiazifinduedimiai Wowounagafiutuain 15 18y 25
fioaload uaraniutudfisadntionidofiuwonndgeain 25 Wy 50 fadliad dwsumsinsgy
Hngd wiazanasogenndidmiumslieneiuanidion uagmzia suddy (faguil 4.7) day
TunsmesesiSadenliueundyad 25 fadlaadluannsfmnzandmiunismasoield
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7.00 -
¢ Zn *
v 6.00 - 1
= m Cd :
3 _ PN
2 5.00 Pb
= [
& 400+ ;
= T
= 300 - .
= ¢ -
= 200 - -
© »
» 100 -
=
0.00 1 I I 1 I 1
0 10 20 30 ‘{40 50 60
uouwaya (aaliad)

Ul 4.7 aswlenuduiudseninsnsualiiiwesdyaadilduazaruivesdndluihdmiuns
Ansedenzd (Zn), wasiloy (Cd) wazmzia (Pb) iudu 40 lulasnsusedns (Andluiinis
mzin -1.4 Thad, Szezain1sinng 240 3undt mud 25 1590 wazadulmnudea 4 faa
Tas)

4.3.4 gpulwmudea (Step potential)

I3 a a ) oA a X ) & = ' |

avulnnudea Aevinavesdndlihiiiavulusiasiy Jedmmrennugs kaggUiees
o Balunsneaesillaviinsnwanenvanyauvesadulnnudead 1, 2, 4, 8 way 10 ad
Tad nmansnaassnuInseualinvesduauvesdingd, unadlon uazaemasiintudle add
Tnudeaiiudun 14 Tadlad wazanfad Ulnnudeaninndi 4 Sadlad (AU 4.8)
wannildleadUlmmudsaiiuuiniu adndluivedangminds 3 slananisiasulunig
Angliduuin wasnadulnmudea 8 uay 10 Jedliad deaaemeiinladanuuyliauung
v O He v a < a a a A ¢ ° o
satiulunmsneassidalndenanUlnmudean 4 Jadlan lunsiinsnnassnsanely
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250 -
Y= 200 A i
E= 1 "
5 : : #
- 150 -
o
“; #*
== 1.00 4 @ *
5= i
E o . & 7n
T 0.50 - - » Cd
% * Pb
0'00 1 ] 1 ] 1
0 2 4 6 8 10
=4 = aoa o
a9l Twnuyea (aa 1haa)

gﬂﬁ 4.8 nswlanuduiusseninanseualniihvesdyaailiuas adulnmudeavesdndlih
dnsun1TiAsiesidaned (Zn), waaldeu (Cd) wavmzna (Pb) 1eudu 40 lulasnSudedns
(Fnglufnnsiniegda -1.4 1ad, sregiainisinig 240 3, ANAA 25 183 LATUBNNGYA 25
Nadlan)

4.4 anwazaulun1sinszi (Analytical features)

4.4.1 Y29 dudunse (linear range)

NnransAnEsrnududunsdunieseilansiauein wuingasmnududunse
YDIAINTH, WARLIEL LLazmﬁ"aagﬂuﬁzm 20-130, 10-60 way 6-54 llASNSURBARS PUARU wazdl
AUNTEAUNTIAD v = 0.0232x — 0.4799 dSUEINTE, v = 0.0333x — 0.3560 dMSULAALLIYL W v
= 0.0160x - 0.0539 dwSuneia Inefieduuszavsavduius () wihiu 0.9972, 0.9932 wag 0.9980
ARy (AsgU 4.9)
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3.00 A
2.50 -
- y=0.0232x - 0.4799
2 2.00
g R*=0.9972
E 1.50
£ L
=
= 100 -
=
=
2 050
2
=
0'00 1 1 ] 1 1 1 1
0 20 40 60 80 100 120 140
v v v = o L)
anudnduveaFinzd (ulnsnSunedns)
200 -
= 150 - y = 0.0333x - 0.3560
=
g R? = 0.9932
=
&
= 1.00 -
=
o
=
=
T 0.50 -
»
[nd
=
0'00 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70
anudntuvesnadioy (alasnsuaaans)
1.00 -
vy = 0.0160x - 0.0539
= 0.80 -
Z R? = 0.9980
@
"
& 0.60 -
=
=
=
E 0.40 S
=
ﬁ
£ 020 A
0'00 T T I T 1 T 1
0 10 20 30 40 50 60 70
anuandvvaanzna (JulnsnFuneans)

JUN 4.9 nymannsgiuvesdaned, uaalle uaenen Maseisemalaawnds-tnliaunumys

(@ndlniinisnigin -1.4 1iad, svegliaimainig 240 3uil, Aud 25 1850, weundyn 25 lad-

T8¢ wavaiulwmudea 4 Jadlad)
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4.4.2 aAnaadesvastalindfinaundu (stability of the electrode)

mﬂwamsﬁﬂmmwmaﬁ85%@%@1‘1/4%'1@@:11%1114@aﬂmﬁmmqﬂauﬁﬁwmsﬁu 1P891n13
AT 30 AYa vesdanyd, uaaloy uaza Wudu 80, 50 way 30 lulAsniusiedns
a1y wuin fesazmaidesuuinmsgu (%RSD) vesdned, uandlen waneiafidyindu 5.48
(n=25), 4.38 (n=16) Waz 9.27 (n=14) MuUaIu (é’f@gﬂﬁ 4.10)

8.00 - ®
7.00 -
6.00 -
5.00 -

400 A e e e e ——————

3.00 - ___ = o e e e

2.00 4

nsznallvh Aalasuenil)
|

1.00

0.00 I I I I I 1 I I I I I I I 1

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
MmnumMIadyaaveIdInza

(V)
5.00 4

3.00 +

1.00

-1.00 4

nszualallh (ulasuenil)

-3.00 T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18
NUIUMT IV AAITEN

U 410 namemuduiusserinanssualinwasduaumsindyanaesdalviieymauly

v
a o a

Taivwiiansinaulaeandosaznsilonuuinasgiusedliifiu + 100RSD: (n) dinzd, (@) uwandlew
uae (M) fEia
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500 - @)

3.00 +

100 J-oo=c-=-o-Z-omoToToTe T

-1.00 —

-3.00 -+

aszua il Qadasuenil)

-5.00 T T T T T T T 1

0 2 4 6 10 12 14 16
UIUMTIATYY IVUVBINZN

SUT 4.10 (o)

(A) AndAinsanre9n15nsI9dA (limit of detection: LOD) uazlindfinAngnves
MMsIATIERUSIA (limit of quantitative: LOQ)

NNNansAnIANTasIAamanveINTnsIaia Lardasiiarmanvesnsinsesiuiunm
wudﬁmﬁﬁ’mﬁwqmaﬂmsmmi’mﬁm%’ué’mzﬁ, wAnLlen wazmzia dauvindu 2.19, 6.40 wag
113 lulasnsudedng mudifu wazdndrdndigavesnisiinseiuinaiaiifu 6.64
lalasnsusedns dmsudangd, 19.41 lalasnsusedns dmsuuaniilon way 3.41 lulasnsuse
a3 dnsunsia Famsned 4.3

o (Y J a v Y a 4 a
5199 4.3 Snwauiaulumsiessilaveuninmemataaials-nnlaunums

SnuwazaulunTIATIER Taneuiin

Hnyd uAALIEL e
AU udunse 20-130 10-60 6-50
(lasnSusiedng)
FulseAvdanduius () 0.9972 0.9879 0.9987
aunsELRS y = 0.0232x - 04799  y=0033x 03560  y =0.0160x- 0.0539
Ypan1snsada (LOD) 2.19 6.40 1.13
(LlasnSureans)
USinausgatinsiany 6.64 19.41 3.41
(LOQ)
(LlasnSureans)
AMILTEs (%RSD.) 5.77 (n=25) 5.58 (n=17) 9.27 (n=14)
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4.5 N5ATILHAE5A0E19 (Sample analysis)

dethialnieymeuiulaivedamsnauiivmudunyszgndldlunsenesianemdn
Tutethaimua Tnelddmeidmeziannn certrified reference materials (3 LGC6016) ldina
Famnaadt 4.4 waziilodanfnwiaAtdeagmslindudu (% recovery) wuindloglutsiesas 82 -
122 dwSuwaniden uazdoray 110 — 124 dmsunzia gy dmsumsdersitiinalanei
3 gialufeg e mziauinamemauauty ldhnsfnvnewuvindidedlufegeimeia
TnevhnsAnuidioudisussriesiiasameidutilves, Tedeunsslss (hmvedunss) way
et mzaiifiunnusnasien nraneaemuIisuanaeiy I@&Jé’@ﬁymﬁuaﬂamﬁgﬂ
3 gialuivhazanesilesianmhlumsinneigedian somunfoimseduaney wasiinign
AeuuvBndantmzaus e 9Ran (Feguit 4.11) egslsfimumsiianesimusinalilassside
Hlddenisnsmeneds standard addition Fwiliinavesuumindfiunnsmsiumesinegrause
TeTenlagnaes

A3 4.4 enududuveaandlen wazszinasialametilireymeuludainetiansnay

PN
Tavigniin ANUTLTUAILRAIN ANULTURNAT IS ANUARIALARDUALNNS
(ulpsnSusiodng) (ulpsnSudodng)
WARLIEA 102 9 +6 29
AT 198 194 + 10 1.8
6 1 y=0.1142x- 0.3886
R? = 0.9802

y = 0.0223x - 0.1112

4 - R2 = 0.9981 Unwias

UNZLAFILATIZH

aszualwna (lulaswaud)
[N

0 10 20 30 a0 50 60

aududuvaanaaiioy (lulasnsudaans)

1%

JUM 4.11 MegrensmnsAnvINaTeILunI ndluileg 19senieddiazateUnines, Umeia
Fuas1est (NaCl) wasimeausiuenadan
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4.6 msa%ﬂwﬂmaaumﬂauwé]’utwu (Portable device model)

4.6.1 N159ANUUUI9ITDLANNTBNUNE (Circuit design)

wnasdnglvl ¥se power supply Qﬂ@@ﬂLLUU&J’]LﬁBﬂ’J’]@JﬁS@’JﬂIumiWﬂ‘W’] JERGRGERIb
$7uffu AC-DC adaptor w1 9-60 Taad valuld U101 LM2575-5.0 18w switching resulator 1%
output Asfl 5 Taasf uazdrenseualnillégean 1 wonuus lay regulator fildqnudu Folien
UsgAnEn Mg (high efficiency) tAnanusousansasenuuulifadsegluusiutsasfium
(printed circuit board: PCB) I Fagiilauisoasvunnveaiosadls

We991n2995Tmnudleany (potentiostat) 14 oau-waut (op-amp: operational
amplifier ) lums¥adinszualuiitanufizemaad Geeet-ueuddndudeddundsinglnuen
(split supply) +, - WazN312Us (ground: GND) Bgsennlaiazaanlunisnnw Jedinnsdauadli
T¥lWuuuiien (single supply) + waznsusineiinissrassnsniusduunlfsondn virtual
ground uihidunsumaiiouliesy-weudvineuld 3914 U102 TLE2426 WHushadis
virtual ground

2995318U537UE1939 (reference voltage) Wurtasnilsfiddanndmiuiadosiietn
NaMAD miﬁmwzi’mmLLi@ﬁ'uvLﬁﬁ?uLiw%éfmﬁLmé’uéwaqﬁLiﬁij’ﬁ’]uﬂé’waqdwL.Liqé’uﬁaﬁmlé’ﬁ
AUANINLTIUD19B LU LS mmumsﬁqﬁ%gﬂﬁ’]mmﬂﬁumLﬁuﬁwaquiaﬁuﬁi’mﬁ R
U103 TLA31 WHufdneusediudnadensd 2.5 1aad

STUU reset waaAzesgneanuuuIndmiuingUsrasilunsldnunseruusyozun
vilsiilonnadl microcontroller agvihaudng Wilieadsnandunsnuianlvl Feldfing
ONUUUTTUU reset IilUszAvBnmingas reset nnedufleiniesinulsiunindoufunduan
Fouseioetednlul® Tnefiseasdondsil

- watch dog 92 reset iie microcontroller liivhauneluszeziaan 1 3unil

- power monitor Ing U801 DS1833 Feazidusduihseinnufinunfiveundadngl

La¥aY reset 1o Tussiuudsuudadly 5%

wiheaus1 U601 Wy memory waflou hard disk awiadnnigluedes ivhmddiiu
ﬁﬁa;ﬂaﬂﬁﬂé’ué}”’qm wazadyaadlninanusingnisaimaaiiliinlunsdiiineIeseenldia
wenaguiiiiofiusiegig

NN3UT 4.12 uannsasdidnnsednddmsulnmutleanmudaonan wethluaiady
WU RN U
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;nlﬁ 4.12 (n) wuvasasdiannseting (Circuit design) dusulmnuloamnuiiannmn (portable potentiostat)



21slmmdleamniduiseserudnssualninduionnanusngnisaimaaiilng
Tnguszgndlda9as feedback control wavgunsaioau-woudlunislvdndlniasiiundalwd
11971 (working electrode) Lazd2ln 181984 (reference electrode) Tas U3018 was i
nszualbiihvunadniilnasewinetalniivhousudalniiigie (counter electrode) vasdaluldin
il lunisTanszudlndiluasestaldasversuseiu @mplifier) shlvlunsiaustinsfun
nduluanszualiiituazidosnndyyraliidanuuseisuinisndudewnnisvens
Fyanadlae U301C wieliszuugiule

2995 DAC: Digital to Analog Convertor n1slanusinsfndluiunansiafisndudods
nsanlusunsupeufinnesindesnisiiusiuniasaiiviale fdadanaazinensialag
microcontroller u&a&sl#3¢33 DAC (U501) ndaussdutlouliursasinmudloamnds Us01
MCP4822 1u DAC fiflnrmiazidun 12 Bit Inganunsndneussiuls 0-2.048V lneil DAC 2 ynfie
VOUTA way VOUTB

dewrmeasinmuileamndosnsanusadn gl liunasaiine + uaz - us DAC
au1509eusIAY + Miesegnaien Jsazidudedlyd U301A Differential Amplifier 3nee Tngdl
VOUTA \Jufmiunuussfu - wag VOUTB aruauwsady + virlfiadeaaunsndigniiumig
Angluinliiunansiadily (-2.048) - 2.048 Tian

2993 ADC: analog to digital convertor dyaalliiiainusngnisaimaadinliindials
awgnelae1eas ADC Uszdvisamgilay U401 CS5525 fifianuazidonluniseuis 20 Bit
Usgnouiudl input range Usuala 25 fiadlian, 50 Jadlwad, 1 1ad, 2.5 Tad uag 5 1as
wngiialduues (sensor) naneussanviiidaaadliluseduiiuansatu vililides
Wasnaeslowdsumuees Tneaniie1ulsain U401 azgnddlulsr microcontroller Awandu
AfluriasuazamelldlusunsumenfiunesifioUssananasoly

msdeanstoya U 901 MAX232 iuiidenseiiiodeasseninandasmmudloann fu
ABNRADSHIY Serial Port, RS-232 Lﬁ“fluﬂﬁ?%amﬁau”al,t,w ASCIl wazld1s%a Check Sum
Coding tielUanemansiaaeunmgniesvesdoyailisu

microcontroller tW3sulafiounaufinnesvuialdniinesaiuaunsiiauYessy Uy
wonunliidnazfunsdald DAC Freaussindasiiliuadalniiinuasdalniagres
suamseuanszualiihvadniinassnitsta idviheusasda i dred e adaliii
wniiftenuldlng ADC nseuiniAsingg vesssuunIsaeansiunesnayfinnes Wusu

4.5.2 N159DNLUULNUINATNUN (Printed circuit board: PCB)

N1508NWUU PCB: Printed Circuit Board fvunadnifies 86 x 64 lwufiluns J99zuen
NIUATEEEUN digital ground wag analog ground sananAulaedasetesiudyyiasuniu
PIUNINTEII14 analog wag digital WisuAUeanLUU ground plane Josfudyaiasuniuain
Aguaniingsyuy (é’qguﬁ 4.13)
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mﬂgﬂﬁ 4.14 (n) ARANYNDILAIAIUUY (top layer) LLazgﬂﬁ 4.12 (1) ARAYNBIUAY
fuas (bottom layer)

.)C905

oo (3)
@ 902

o

0-+@ C402

caopoires -
- \ é |g)é<g] O OFEIO o0

LEDZ01

U 4.13 N1500NLUUKHUALTIAS (PCB)
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nsUsgneuasdidnnseindveanioslmmudleamnvdannnidunisdanigunsal
diannsalinduuyu SMD: Surface Mount Device lngldimatinn1sUanswuvaniou naunauiv
mstnnslaelivusslugunsaididnnseinduuusssua dauansgud 4.15 Fadusuveausiunems
funvvdmsuieestnmuTleammadannm

5UN 4.15 wiwnasaunuudmiuiasadmmudleawmnviiannnn (portable potentiostat)

n&inmsUszneunesBidnmseindiaiefuudaiintmeaeunisanudessuvediag
Fuannnsuswnsy firmware WAlUSs microcontroller tngldlusunsumenfiames flash magic
Fadulusunsuameldlunislusunsudeyaids microcontroller wosu3®w Philips Tnsaz
lUsunsudeyany serial port

MNTUNAFEUNTTINUVBITEUY serial port ﬁi%ﬁ@ﬁ’]i%’amuaizwjﬂLﬂ'%IENIWLVIU‘?JI@—
asmadiananFuluy uazneufinosuaznisvagouniseuAusnabowlasmslilsunsa
ronfmesdaesodnnutleawmadannmeuanszudlnihvuindniienuldanusngnsal
willwiuddsnduandinesiamosiin serial port fauanslugud 4.16
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Setting

Status Connected
CommPort [ §ovil v
Baud Rate 401 v

[ Connect ] [ Disconnect

Transmission

Receiver:

Saof,0.499000,*72 -
Saif -4.768381E-12,*31
Saif . -4.768381E-12,*31
Saif -4.768381E-12,*31
Saif -4.768381E-12,*31
Saif -4.768381E-12,*31
Saif -4.768381E-12,*31
Saif -4.768381E-12,*31
Saif -4.768381E-12,*31 |EJ

m

Transmitter :
Saif 0.*35E

JUN 4.16 nsFeansteyatenintneuiiunesiaziasadlnmuiloannyiiannm

4.5.3 nMsanwnlasdudmsunisiasizilane (Preliminary study)

InHANISANBINITIATIERa1sazateman(l) Fadulansdunvulunisnaaounis
Ainsilavgseiadadlnmuileammyliannn (yanageuninauiy) Wisuiiisuiuiaied
PGSTAT 204 (Metrohm, Swizerland) meé'agﬂﬁ 4.17 azulainlerdanliawnuluknsuyad
ansazanewian(l) Wudu 10 fedluarsdldaneiasmmuiloannadonnn wazp3os PGSTAT
204 laduaneneiu wazdlofiansanarfndlnisndy wavesndmtunuindialduanaiaiusin
n egrslsimuiiefiansannseualiidilaesiuinnssualiissndusazoondiaduiilsann
wiadlnmudleawmniamnieies PGSTAT 204 Aoutnewan
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0.00015F T T

0.0001

WE(1).Current (A)
o
L

Q)]

()

SE-OS

TE-03

6E-05

% f
SE-05 <

4E-0S

3E05
2E-05 -

1E-05

% 7

1E-03

-2E-05

3E-05

J
i
{ <
1 SE-05 /
H 1 -se0s A\ £
H
!
f

SES -

/
6E-03 N

-7E-03

-SE-03
0.0800000101 0.2800000101 0.4800000101 0.6800000101
20001 0.1199999898 3279 3279 3279 3279

Voltage

0 02 04 08 08
Potential applied (V)

JUN 4.17 Mawnuluunsuvesansazanewian(l) Wadu 10 Zadluans : (n) ssaiadygranin
WA383 PGSTATE 204 Uag (2) #5393091nA309lnnudloaemallannn (anagauninauis)

vonaniilethiedednmudleamvadannniundasyiaisazanemdn(l anududy
FiN9€) Fudsdl 2.3, 5.6, 12.2, 25.0, 43.7 waz 61.62 lulasluans Wudﬁﬁ’ﬁyﬁmmﬁlé’muauauﬁu
Eumse wazlianduUssansanduiug () wihiu 0.984 ﬁqgﬂﬁ 4.18 Fauanslidiuiaioln-
wudleawmnydannniifnaainlunisihundnsegdimusunalane (wan) 16 egrelsiniuavdag
yhmsiauseluifielitianwlilunsin sz

y = 0.0595x + 0.1234
r* = 0.984

H O,

nszualnin (lulaswauuys)

60

Anuutuvasansazanawan(l) (lulasluans)

0O 10 20 30 40 50 70

JUN 4.18 fMepdrensmunsgiudmsunsinssiasazanemanmensedinnudleannyile

WA (YANAFDUNIAAUI)
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4.5.4 nsdnwilosdudmiumsiiassiuanidlon uazasia

MnramsEnlosudmsuniessianden waznsilasldmaiauwoluin ansy
Vs duprs-liauniuvis feiniemagouA AL S UL UUITRUTY sufiuldndyanaild
yasuAnLles (cadmium: Cd) uwagmeia (lead: Pb) ArdndlyiiheendinduiialndiAesiudayain
fldania3es PGSTAT 204 usegnslsfimunuindyanadiléfindaidnuasllauuaswasiumn
(a5t 4.19) faduganaaeuniraundinmulygmduanimhlunsiesegidesiosiinsg
Uiudeugunsaiunsesns waglusunsudm3u microcontroller lelvimsaialaluazdanmly

Tun5IAIIZANATUN AL

8E05
| Pb
‘[ |
[
6E05 '
v
~ cd |
A lTa) [
= A ‘
2 4EOS AN
g [l
T_—Z [ f‘ 1
g ’r / .\/',«\-u-ﬂﬂ,..
= ) | \
== 2EO05 7 i
= {
/
0 —
-2E05
-1.40 -1.08 -0.76 -0.44 -0.12

Andlwila Qaan)

JUM 4.19 dregrabiaunuluunsuvesuanidouuazarinnsiadaldainyanageuninauiui
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AMANUIN N

(n) MsANTnSARATEAYaINTIATIAIA (limit of detection: LOD) waz¥iadnfnsngnvadnns
AAs1zUsual (limit of quantitative: LOQ)

mameAdadianiaavessnsain warladinfigavesnisiesgiviina levinig
Todnyanamodlanguinfieuitududinfian @ngd uazuaadlon 10 llasniusedns uazazia 6

'
o w o

LilasnSusiedng) 9riu 7 a9 uanhldnnumadndniaiigaren1snsinin uaslndinngnves
MTIATwiUSin

A19819N15AILIA LOD way LOO

- dened
asazanedIngdidutu nsewalnin (ulaswaud)
10 lalasnSusiodng 1 2 3 il 5 6 7

1.7664 1.7978 1.8561 19163 1.8382 1.7504 1.8654

WALads warAddsauuiInsgIuvesasasatedingd@duty 10 lulasniudedng

o . _ 2 12,7906
WANRRYNFNNITN X = Zizl
:
= 1.8272
2712
o y n (%)
WIAAIUTELULNIATEINAINANNST SD = Zi:1_
n-1
" [27 (1.7664—1.8272)2]1/2
I et 7-1
= 0.0589
PNAUNITLAUNT y = 0.0887x — 0.1441
mAAIARREAluN1TATITIR
WA X X =33SD/m
x = 3(0.0589) / 0.0887
X =2.1912

U gj A o o 6 L 1 U U ! a
@QUUF’]’]SUW'U’Wﬂmﬁﬂﬁj@l‘hm’]i@]i’m'lﬂm’mll 2.20 hﬂﬂiﬂilﬂﬂ@ami

mATIagan1TiAsIEUsina (LOQ)
WA x x =10SD/m
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x = 10(0.0589) / 0.0887
X =6.6401

U gj 1 a o U ('I) L2 1 U U ! a
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Abstract

In this research, the optimization of Zn(II), Cd{II) and Pb{II} determination using anodic stripping voltammetry
(ASV) with a nanobismuth electrode was studied. The several parameters influencing to the peak cument such as
deposition time, amplitude, frequency and step potential were optimized. In addition. the optimal conditions for the
electrode preparation were also investigated. The optimum conditions for determining of these metals were -1.4 V for
deposition potential with 240 s and 25 mV, 25 Hz and 4 mV for amplitude, frequency and potential step, respectively.
Under the optimal conditions, the peak cuments depended linearly on the concentration of Zn(Il), Cd(II) and PB{II) in
range of 28-56 pg L™ | 14-30 pg L and 12-36 pg L with correlation coefficient (r*) of 0.9968. 0.9980 and 0.9970 for
Zn(II), CA(ID) and PH(IT), respectively. The limit of detections (LOD) based on 3S/N ratio were 4.67 ugL? for Za(II),
3.00 pgL?! for CA(I) and 3.53 pgL! for Pb(II). Additionally, reproducibility, which was indicated from the relative
standard deviations (%RSD). was 8.4% (0=20). 7.8% (n=13) and 8.5% (n=15) for Zn(Il), Cd(Il) and Pb(II). respectively.
Moreover, the conditions were applied to determine Zn(II), Cd(Il) and Pt(II) in artificial samples. It gave the satisfactory
results consequently these studies imply that electrochemical method using the nanobisnmth electrode may be
alternatively candidate to analyze these metals in real samples.

© 2015 Published by Burapha University.

Eeywords: Anodic stripping voltammetry (ASV); nanobismuth electrode; CA(IT); Pb(IL); Zn(IL); optimum conditions
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1. Introduction

Presently, the human activity leads to increasing levels of heavy metal contamination in the environment
such as waste from communities or industries (metal plating, metal surface treatment, wood processing and
petrolenm refining). Heavy metals are the main sources of pollution in the environment because the heavy
metals have a significant effect on its ecological quality. Cadmium, lead, zinc, iron, copper and manganese
were recognized as trace metals whose high levels in the environment represent a reliable mdex of
environmental pollution (Tiizen, 2003; Barakat, 2011). Uptaking these metals causes health problems (Dugo,
2004). In addition, zinc 15 an active component of some important enzyme and 1t 1s widely distributed in
animal tissues (Engelking, 2015). However, if the body uptake many zinc can be cause of nausea, abdominal
cramping, vomuting and diarrhea with or without bleeding (Sandstead. 2015). Then. analysis of these metals in
environment is important to specify the impairment of surrounding.

There has been an increasing interest in the development of highly sensitive analytical methods for the
detection of trace amounts of toxic heavy metals especially cadmium, lead and zinc. Most of the methods
used for determination of heavy metals such as spectroscopy: X-Ray fluorescence spectrometry (Sastre, 2002;
Kocot, 2014), flame atomic absorption spectrophotometry (FAAS) (Duran, 2007; Feist, 2008), graphite
furnace atomic absorption spectrophotometry (AAS) (Mahmoud, 2010; Zhao, 2015), inductively coupled
plasma atomic emission spectrophotometry (ICP-AES) (Jia. 2011; Duane, 1996). inductively coupled plasma
mass spectrophotometry (ICP-MS) (L1, 2015; Qin, 2013). In addition, one of popular methods for analysis of
heavy metals 1s electrochemistry for instant, potentiometry (Aragay, 2012; Dugo, 2006; Zolotov, 1987). pulse
polarography (Maller, 2010; El-Hasani, 1999). chronoamperometry (Oztekina, 2011) and particularly anodic
stripping voltammetry (ASV) (Pierini, 2013; Saturna, 2011; Xiao, 2014; Yang, 2014; Ouvang, 2011). The
ASV is an interesting technique in electrochemistry because of giving the highest sensitivity (107 M)
compared to others (Wang, 2000). The deposition step in this technique plays an important role to accumulate
the detected analytes in low concentration. Additionally, this has several advantages such as simultaneous
analysis, simplicity and economical measurement (Legeai, 2006). Besides, 1t was found that the measuring
conditions have an effect on the detected signals. These influence the sensitivity of the technique.

Consequently. to improve the signals from this technique, the optimal conditions of ASV technique using a
nanobismuth electrode for determination of Zn(IT), Cd(IT) and Pb(II) were studied in this work. Additionally,
to investigate the technique feasibility in application for real samples. the analytical performance such as
linear range. correlation coefficient (r’). limit of detection (LOD) and reproducibility (%RSD) were also
achieved.

2. Methodology
2.1. Materials and apparaius

Solutions of 1000 mg.L" cadmium, lead (Ajax Finechem) and zinc (Lobachemie) were used as standard
stock solutions. These solutions were standard grade. Acetic acid (QREC) and sodium acetate (Ajax
Finechem) were used for preparation of 0.1 mol L™ acetate buffer (pH 4.5). Nafion solution (Sigma-aldrich)
and ethanol (99.9%) (QREC) were used to prepare the nanobismuth electrode. The chemicals were of
analytical reagent grade and used without further purification. High-quality deionized water used for
preparation of all aqueous solutions was obtained by passing distilled water through a Milli-Q Plus System
(Millipore).

Square-wave anodic stripping voltammetry was performed with a PGSTAT-204 Potentiostate (Metrohm).
The electrochemical cell assembly consisted of the nanobismuth working electrode, an Ag/AgCl reference
electrode (model AG 9101 Herisau; Metrohm ) and a platinum wire counter electrode.

2
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2.2, Synthesis of nanobismuth particles

The nanobismuth electrode was prepared using bismuth nanoparticles coated on glassy carbon (supporting
material). The nanoparticles were synthesized followed Li. ef al., 2009. Describe brefly, bismuth solution:
4.85 g of bismuth mitrate was dissolved i 50 mL ethylene glycol (EG) and polyvinyl pyrrolidone (PVE)
solution: 1.0 g of PVP was dissolved in 50 mL EG. Then the bismuth and PVP solutions were simultaneously
dropped nto three neck flask containing 100 mL EG. After that the mixed solution was refluxed at 175°C for
150 mun. The blacked powder of nanobismuth particles as the product was occurred. After fimshed the
reaction, the nanoparticles were washed with ethanol for several times. Then, these were centrifuged at 6000
pm for 6 mun, and dned with nitrogen gas. The blacked particles were kept under mitrogen gas condition
until used.

2.3. Working electrode preparation

The solution of bismuth nanoparticles was prepared by dispersion of the nanoparticles (Section 2.2) with
ethanol. The bismuth solution was dropped onto a bare glassy carbon electrode. After dryving. 5 puL of nafion
solution (1 % diluted 1n ethancl) was dropped onto the glassy carbon electrode. which was coated with the
bismuth solution. Then, the electrode was dried once more. Fmally, the nanobismuth electrode was ready to
use for metals analysis.

2.4. ASV Procedure

The anodic stripping voltammetric measurement was performed in a electrochemical cell containing 25 mL
of pH 4.5 acetate buffer, 50 pg L™ of Zn(IT). Cd(IT) and Ph(IT). The deposition step was carried out at -1.4 V
for 240 s under stirnng condition and after that 10 s equilibration step was performed. The stripping step was
achieved by scanning the potential from -1.4 to -0.2 V with optimal parameters of amplitude. frequency and
step potential. The cleaming step was done at -0.2 V for 30 s to remove the residual metals under stirring
condition. All experiments were carned out at room temperature.

2.5 Artificial samples

Stock solution of artificial sample (100 mg L") was prepared form 1000 mg.L™" Zn(IT). Cd(II) and Pb(IL).
For mixed artificial samples, required concentrations of the artificial samples were prepared by dilution of the
stock solution with acetate buffer (pH 4.5).
3. Results and discussion
3.1. Optimization

3.1.1 The nanobismuth electrode

For preparation of the electrode, the optimum conditions such as coating the electrode with/without nafion
and solution concentration of the bismuth nanoparticles were studied. For coating with/without nafion, 1t was
observed that the current signals of detected metals for coating with nafion showed higher than that for

coating without nafion (Fig. 1{a)). Nafion 1s a polymer contaiming with sulfonate group. The sulfonate group
has negative charge Then, the nanobismuth electrode, which is coated with nafion, acts as a cation-exchanger

3
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with the cation analytes, it can improve the detection sensitivity. According to this property, nafion can resist
chemical and thermal solubility m water. so nafion can protect and help adhesion of nanobismuth particles
onto the supporting material (GC electrode) during experimental. (Kokkino, 2011; Kefala, 2004; Xu, 2008)
Additionally, when the signals of BiNPsE and Nafion-BiNPsE were compared, it found that the peak
potentials of three metals on Nafion-BiNPsE were also slightly shafted to the cathodic direction (as shown in
Fig. 1). These shifted signals can establish the exchange between nafion and metals (Rehacek, 2012; Xu,
2008) Then, the nanobismuth electrode coated with nafion was used for further experiments. Additionally,
0.5 g L bismuth nanoparticles solution (Section 2.3) was selected as the optimum concentration of bismuth
solution for electrode preparation because of giving sustable signal current for all detected metals (Fig 1(b))
including appropriate signal shapes.

(a) (b)
A 4.00 -
I!"" o - - Naflon-BiNPsE 3
S —BiNPsE — 50 il ¥ o
: VA z N
' j S Y 3.00 4 b
- '-. =2 - 3
-, r oo a) = 504 ¢ Vol o fn
cd 1'\___,,»" .F‘a.“ 200 4 - o Cd
Lol s Ph
Ph E 150 4 % ! - !
\_/\_/ b) 2 100 Lo L
L 1 1
0s04 4l + §
|l
0.00 . . . . \
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Fig. 1. (a) Stripping voltammograms for determination of 50 pg L™ Zn(I), Cd(Il) and Pb(Il) using a) the nanchismuth electrode coated
with nafion (Nafion-BiNPsE) and b) the nanobismuth electrode (BiNPsE) and (b) Effect of bismuth nanoparticles concentrations on the
peak currents of 50 p.Lg.L'L Zn(II), Cd(IT) and Fh(IL).

3.1.2 Parameters for ASV method

For electrochemical method especially ASV, 1t was found that many parameters influence the analytical
signals such as deposition time, amplitude, frequency, and the step potential These parameters are interrelated
and have a combined effect on the signals (Kefala, 2003; Zen, 1996; Lu, 1999; Maleki, 2007; Giacomino,
2008; Jorge. 2010). So. influence of these parameters, which have affected on the detected signals particularly
Zu(II), Cd(II) and Pb{II), has been studied.

The deposition time plays an important role on shape and intensity of the signals Usually, at low
concentrations of interesting species, longer deposition time can be applied. However, at high concentrations,
avoidance of electrode saturation should be concerned. The short deposition time could be selected (Dai,
2004; Tarma, 2008). In this work, the effect of the deposition time on the peak currents of Zn{II), Cd(II) and
Pb(II) was studied in the range of 15-300 s. The results showed that more increase deposition time provided,
the higher the current was obtained as shown m Fig. 2(a)). However, at 300 s deposition time, the peak shape
of Cd(IT) was not symmetric thus a deposition period of 240 s was selected for further investigations.

The amplitude is parameter that influences to the peak current. The amplitude (AE,) affects on the peak
shaped. (Henze, n.d.) The amplitude was studied in the range of 15-50 mV. The detected currents for all
metals mcreased when amplitude enhanced up to 25 mV. For more potentials (40-50 mV), the peak currents
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of Cd(II) and Pb(II) decreased as shown in Fig. 2(b)). So, amplimude of 25 mV was selected as the optimum
value.

The frequency has induced to the sample throughput That means, when the frequency (1/sec) increases,
the sample throughput also increases. In addition, it could effect on the peak currents as well (Mirceski. 2013;
Ridge, n.d ; Chnistie, 1977). Vanation of frequency showed an appreciable increase of the peak current with
mcreasing frequency in the range of 15-40 Hz. When the frequency was higher than 40 Hz, the peak of Pb(II)
starts to decrease. However, it was observed that the signals for all metals from 40-50 Hz exhibited more
noise. Accordingly, a frequency of 25 Hz was used as the optimum value for further.

The step potential affected on the peak curmrents of interesting metals were studied in the range of 1-10 mV.
When the step potentials were increased, the peak currents enlarged up to 4 mV. At step potential above 4
mV, decreasing of the peak currents was appeared (Fig. 2(d)). Therefore, 4 mV was selected as the optimum
step potential
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Fig. 2. The effect of parameters on ASV sigmals: a) Deposition time, b) Amphtude, ¢} Frequency and d) Step potental
3.2 Analytical performance

The features of analysis such as linearity range. correlation coefficients (r°), the relative standard deviation
(%RSD) and limit of detection (LOD) were investigated. Under the expenimental conditions selected on the
optimization studies, ASV experiments using the nanobismuth electrode were performed. It was observed that
the peak currents of the analytes mcreased with mcreasing their concentrations. The working ranges of 28-56
ngL™?. 14-30 pgL" and 12-36 pg L™ for Zn(II), Cd(II) and Pb(Il), respectively were observed. Additional,
The linear equations of these metals with correlation coefficients (r”) were illustrated in Table 1. Besides. the
relative standard deviations (%RSD) were 8.4% (n=20) for 40 pg.L™" Zn(IT), 7.8% (n=13) for 20 pg L™ Cd(I)
and 8.6% (n=15) for 20 pg L™ Pb(II) as shown in Table 1. The limit of detection (LOD; 35/N ratio) were 4.67
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gLt 3.00 pgL”? and 3.53 pgL? for Zn(II). CA(II) and Pb(I) with the deposition time of 240 s.
respectively. An example of the ASV signals of Zn(II), Cd(II) and Pb(II) was measured by the proposed
method as shown mn Fig_ 3.

Table 1. The working range, correlation coefficient (r) and linear equation of Zn(IT), CA(IT) and Ph(IT)

Metal Working range Ity Equation LOD Precision
(ug L™ (pg L) (%RSD.)*

Zn 28-56 0.9968 y=0.0445x - 1.1118 4.67 8. 4(n=20)
Ccd 14-30 0.9980 y=0.0302x - 0.0120 3.00 71.8(n=13)
Pb 12-36 0.9970 y=0.0367x - 0.1922 353 8.6(n=15)

*Concentration of 40 pg L™ for Zn and 20 pg L for Cd and Pb

=+ Ph

-1.2 -1.0 -5 i -4
Potential vs Ao/ AgC] (V)

Fig. 3. The voltammograms of vanous concentrations of Zn(IT), Cd(II) and Pb(I): a) 36 pg.L'] Zn(Il), 18 |.lg.]'_.'l Cd(II) and 18 pg_'L']
Pb(II), b) 42 pg.L’lZn{l]}, 22 pg_L'] Cd(II) and 24 j.lg.]:l Pb(II); c) 48 j.Lg.L'] Zn(II), 26 pg.L’L Cd(II) and 30 pg.L'] Pb({Il), d) 54 j.lg.]:l
Zn(ID), 30 pg L CA() and 36 pg L PHID

3.3, Application to the artificial samples
The proposed method that was applied for determunation of Zn(II), Cd(II) and Pb(II) in artificial samples
using ASV with the nanobismuth electrode was investigated in this work. By applying the optimum

conditions described above, the results of these determunations compared to labeled values m artificial
samples. There revealed good agreement between labeled and detected values as shown in Table 2.
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Table 2. Results for determination of Zn(IT), Cd(IT) and PWII) in artificial samples by ASV on the nanobismuth electrode.

Artificial sample Heavy metal Concentration of heavy metal (pg L)
Labeled value Detected value
Sample 1 Zn 280 28.3+0.57
Cd 120 12.0£0.67
Pb 120 12.4+146
Sample 2 Zn 360 35.6x0.22
Cd 140 141092
Pb 40 2404047
Sample 3 Zn 40.0 39.0:141
Cd 180 18.6x0.33
Pb 40 454139

4, Conclusions

The suggested ASV under these optimal conditions could be pleased for evaluation of trace heavy metals:
Zn(II). Cd(II) and Pb(II). The obtained results showed that the optimum conditions of stripping voltammetric
parameters enhanced the responses to increase the sensitivity in a significant way, although synthesis of the
bismuth nanoparticles seemed to be complicated. In addition. 1t effectively showed that this was a selective
method with good reproducibility and good accuracy for the artificial sample. Furthermore, efforts are aimed
at developing this method for analysis of these metals in real samples such as wastewaters and natural waters
etc.
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