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55910127: MAJOR: CHEMISTRY; M.Sc. (CHEMISTRY)
KEYWORDS: BISMUTH NANOPARTICLES/ LEAD/ CADMIUM/ ZINC/ SQUARE-WAVE
ANODIC STRIPPING VOLTAMMETRY
JUTHAMAS BOONTUNGTANG: ELECTROCHEMICAL ANALYSIS OF HEAVY
METALS BY VARIOUS SHAPES NANOBISMUTH ELECTRODE. ADVISORY

COMMITTEE: SASITHORN MUNCHAROEN, Ph.D. 139 P. 2017.

Modification the bismuth nanoparticles (Spheres and Rods) onto glassy carbon electrode
as a working electrode has been developed and applied for heavy metal analysis (Zinc, Cadmium
and Lead) by square-wave anodic stripping voltammetric technique. The optimization of synthesis
the nanobismut spheres and bismuth rods) was investigated. The morphology and structure of the
nanoparticles were analyzed with a scanning electron microscope (SEM). The under optimal
conditions, the size of synthesize nanobismuth spheres and bismuth rods were 137.0 £ 3.43 nm (1a1g
5.18 + 1.36 nm, respectively. For the heavy metal analysis using the modify electrode, it was
observed that the optimal conditions of deposition potential and deposition time were -1.4 V and
240 s and frequency 25 Hz, amplitude 25 mV and step potential 4 mV. The linearity of zinc,
cadmium and lead were20 — 130 pg.L™", 10 — 60 ug.L ' and 6 — 54 pg.L ™", limit of detection were
3.20 pg. L' for zinc and 1.60 ug. L' for cadmium and lead, respectively. Moreover, the propose

electrode was applied to determine the metals in sea water. It gave the satisfactorily results.

a3vey



UNAATD T NG
UNARTONTHIDINGE ..ottt
A NTU R e
SR TR 1131128 s N T TR SRRUURRR
ATURA NI e
UNN
L UM T e,
I o o
anuunazaNudAYUeT UL
[ 4 aov
AUTEAIAUBINITIVY. ...,
AUUATIHUBITUITY. ...,
d { 1 Y] Aa o
U5 TomiNaIa e IR T UV oo
VDUUAVDIITUIVY ..ot
Av A A 9
2 ONEITHAZITU VUMD VDG e e e
wrag il uad (Electrochemical Cell).......oonniineee i
Y
VI D a3 (Bismuth electrode).........oooveeeoeee oo
mataaa Ut Traunuuns (Stripping Voltammetry)............eeevveeee.n.
Faqu1Tur3001N 1AW 11 (Nanomaterial or nanoparticles)......................
Tavignin (Heavy metal).......o.oviiiiiiii e,
Au A A F)
QVUITUTIDIIUOD. ..o
ax o A Aawv
3 B AR T I e
A A a
ATOINO LA T ITINN oottt e,
AVTIATOUTNT e
Aad o a
BN 1T e,
B AT IVY. oo,
msdauns oy TuDaiM. ..

M58y (710)

1
12
15
30
30
32
38
48
48



A 9
UNN AR
4 WanN3IvY (99)

Anvanudu 1l 18lunsamseidansd, unadioy vazazna lagld 72

Y v Y

N LR RN R TR i SO

=< d‘ = g’/ a @
anmannzimnzanlumaeseuaa lwsihdain. 73

{ ) [ a 4 a J
ﬁﬂBTﬁﬂT’JgﬁLﬁMWgﬁllﬁ”l‘H'i‘1Jﬂ?i’lmi”lgﬁﬁ}’mmﬂi‘lﬂﬁlm’ﬁL’JWI’JmL‘VIlI- 79

=\
TS e
= [Y] 1 = 4
AN HAIAU T UMITIATIEN e, 86
AUDUIUNT D+ 92
Fo8azmM T IANAUA (YRECOVETY). .. o eeeeeeeeeeeeeeeee e 93

9 v Y
msdszgna lgan Tldhiwanniulunisinsizd lazneminludiedis 95

BT e e

50 onUseazagUNa. .. 97
UTTHUIYNTH. oottt ettt 100
IANHIN. Lottt 112

IARHIN Dottt 113
MIARHIN Uittt 116
IARHIN Pttt 118
IARHIN Dttt 127
VT TRIOVDIGIVY. ..ot 139

AR IGTRERN



A )
ATTINN Hun

' A o N Y 9 a
2-1 32821901 vUIA uaxgﬂﬂwmaumﬂuﬂummmsww'lwmﬂmmazﬁm 24

Hag
AU NI .o

2.2 amududuved Tangminludressau Tnaunnusnamuavenzaaly 25
901 <
1 1 ! fl i\

9y 9 o o 1 3 Ad o =2 A '
2-3 mmwmummiamwuﬂiuﬁaamammﬂummmmummaﬂmmnma 25

1 a o

A A S Aq ¥

3-1 TU, UTHN LLazﬂizmﬂ@u@Qmiaduﬂ Ltazqﬂﬂimﬂclﬂf”lu 30
= a o dd‘ a o

3-2 @15, INTA, UIEN LLﬁ$ﬂiglﬂﬂﬂlﬂﬂﬁWﬂﬂNVIiﬁuQTu’Jﬂﬂ ........................ 31

3-3 fnﬁmdiﬂﬂﬂi?ﬂm?ﬁiﬂ?uﬂlﬂﬂﬁ'ﬁagaTﬂWﬁNﬁQﬂgﬁ, Llﬂﬂlﬁﬂll Llﬁgﬁgﬁﬁ f?']ﬁ%l‘ﬂ 33

a 4 v 9 a 4
n1sItasizH lavzviunaroinatagunidsiadllaunuiyn

34 dSuasarsazaremasgiudengd viouaalion Anuwduduedeaz 100 33

1 a

a [ A Y o [ 9 [ s =
AANIUADANT LW@Klﬂfﬁ'TW'i‘]_lﬂ"liﬁi"Nﬂiﬁ/\lllTﬁﬁjTQfTQﬂgﬁ nio

Z)

=
UAANYU. ...
a < Yy 9 A a o 1A A Y
3-5 ‘]J5%1@]5ﬁ15a3a18u1@5ﬁ1u¢13ﬂ3 AINULUVNUY 100 YaanNITUADANT L‘Wf’)iﬂf 34

d1viunirisadirensaiduiasgu

3-6 AN udu wazglSuasvesmsazaoesgudangddmiumamlSum 36
Tanegwingd12e33 015 1 au @13
WIATTI .o

Yy 9 = ) o a

3-7  AanuANIY tazlinasvesmsazasas Piuuaaiend T UMIlsne - 37
Tanegwindgi1e3F 015 18 u @13
WIATTI oo

9 Y o w
3-8 ANUINTY tazlsunasvesnsazaenaIuaenIdmIuMsnISnalane 37
@ Y a = a
m W oA 4 2 8 3 F N 1T LA uo@a 19

WIATTIU.



3-9

4-1

A
AT NN

4-3

4-4

4-5

o A { 9 o a o a 4
ﬂﬂ%ﬂﬁﬁﬂ‘kﬂﬁﬂ"l’wﬁL‘Viiﬂgﬁ'i\lﬁ'ﬁ"ii‘ﬂﬂﬁﬁlﬂﬁgﬁﬁ?ﬂlﬂﬂﬂﬂﬁllﬂﬁi!lﬂilmmu

ANB1B91NNADIRANTIAMIBIANATOUULUEBINTIA LAZYUIAVYDIDYAIAM
Tufainfisandaussviadaiin uasfidf 10, 12, 15002 17,0
MWDBFVPIANTADARDEA LOZMWDIBIINNABIIANTTAI DIANATOULD LD
nsaveseymam Tudasinianududuvesdainaaelsdn q (Hrdsens

10000

M3UYMIN (A0)

J Ja o '
ﬂ?WﬂTﬂ‘ﬂTﬂﬂéjﬂﬂﬂaﬂiiﬂuﬂlaﬂﬁﬁ@ullﬂﬂﬁ@ﬂﬂi"lﬂ (SEM) tazauu1auad

pUMAL TUTaINNINTIMIINNRUKAL 2, 3, 6 LAz 9 VIR UYATIAADUIN

=

1 ad U a &y
mwmamm%mammﬁeLaﬂmammuamﬂﬁmmmaumﬂuﬂuuaum

dasiaruserr119tainasinaladialnlsa

1 Aa g 1
MNOIBNINNEDIANTTANIDIANATOUULUADINTIA (SEM) LDZUUIADYNIAUT
Tudieinnsama Manuauduveadasin luesamuas lamsa 0,005, 0.01, 0.03,

0. 04 0. 05, 0. 06 0. 08 U @ ¢ 00 1 1 1y

MNABVBDYMAU TUD] amimiidunszias, MUBBNNNZDIYaNI I
&ﬁﬂm@mmudmﬂim (SEM) uazmmmmwmﬂuﬂuﬁﬁﬁm ﬁizaznmmﬁ
NAURNIEN 15,30, 60, 120, 150 0L 180 UM ...
ANDIBINNADIYANTIANIDIANATOULUUABINTIA UAZYLNAYDIDYMAL TU

Tadngdnsaunanidsnasvgad ganseruuy

44

50

52

57

59

62

65

68



! o J a o 1
4-8  aamzmmnzaylumsdaanzioyman udaingUnsanay uagginsaums

[ 1 a o @ a J
4-9 aﬂymzmuiummmﬁwTamﬁuﬂﬁ’wmﬂuﬂﬁumsLamammmum

=
P P
9 9 [ A o ] A Aa
4-10 i@ﬂazﬂii“lﬂﬂaUﬂuﬂJaQﬂaaﬂ1ﬂ°ﬂ3Lﬂs1$
v
1 e

Yy 9 = ) Aa N ¥ £
4-11 ANUUNUVHYDILAA BN LAZAZNINTURAN L!,ﬁz‘ﬂ’}l,ﬂﬁ]gﬁllﬂ LA IDYASAITN

9 9 o a = J Aa 21 Y o ' 4
4-12  ANUAVNUVUVDITINS A, LAY LLagﬁxﬂTﬂ’J!ﬂi”lgﬁllﬂhlu{nflﬂfnﬂuhl

nem........

n-1 A1 UAAIYOYAAI9E 19 IMHTUMINAT 12K Tangmindans @, unaidion

ee

S

93

96

96

114

g oo 1 3 < o ¥
-2 Lm’ﬂﬁﬁﬂ11!ﬁlﬂ‘1J@]’Ji’)fJNuWI$Lﬁ, mmrﬂuﬂm — g, anyuzvoduIngta, 114

o a3 o 1 2
ANINDINIA UagIu na']mluﬂ']jlﬂ‘l]@jﬂﬂ'mu']

an 3 o ' ¥ ax S o J ' ¥
N-3  ITNITNUAIDYIWNUINSLA LAZITNITNUINHINIDY U

MUUMIN (A0)

A
AT NN

v v
¥ o [ ¥ o a

A-1  AVAIINAAIFAVDINITATINIA (LOD) HazA1UATINAGIAVDINIGTI

q

4
NINTH

115

¥
U1

121



f-2

f-3

-4

f-5

) g’/ [ v Ao 9 A =
MINUTAIVTUIUATIVDINTIA !LagﬂﬁgllﬁUlV\lﬂ"lsllﬂQTﬁﬁgTWUﬂﬂ’JﬂllﬂLWE]ﬁﬂHW

f 0 1 3 ! a Q) o 5 il 5 3

Amae, Andeanuanasgy, Aievazdouuunasguduing tagsmuiums

e
po]

Y 9 = A a a Y Y
AIMVUVNUVUHUDIUUAAUNINUNIAY LLASATITNUVDILAALNYY Llﬁzi’t’)ﬂagﬂﬁ]lﬂ
v A = =\ 3 1 [ Y a
ﬂﬁllﬂu*lli’Nﬂ?iﬁTﬂiNTmLLﬂﬂmfJﬂJGLuGI’J’E]EJN’Jﬁﬂ?JN’EN ............................
Y 9 J A a ] Y o A
ANV NVUHUBDIASNINLAN LLIASHATIVNY LLﬁSSfJEJE’I%ﬂ”ISHlﬂﬂﬁ‘]JﬂusU@Qﬂ"Iﬁm

5 v 1 a a2l udaoe g3 7 a9

aIVYMN

122

123

124

124



A
DINN

2-1

2-5
2-6
2-7
2-8

2-9

2-13

9
i
4 1 o [ a Jd =1
radussyasgluuuagdwmsumsanseimani i 5
g’./ a g’/ Aa a Jd Aa J 4 g’./
12 10T 1d19949: n) 211989 anes/Fanesaas lsauas ) 42 1vih 6
F) a
DIIBIP O Do
3’.; o a v Aa o =Y = 4
7 Iihiauytiaaia: uwaniiy, neq, (U uazAAFAISTUOU.....ooooooes 7
a Jd a a a (A Y] [ 4
MIuaIenaremaiaue luanaasUtl Thaunumvs - (0) nsanudunus 10
ser e wazdng 1 waz () Trauny Tuunsuvesuaadion (Cd) 1ag
NOUUAT (CU) .o
MNONGURITI TANEHUNTINSH ..., 13
AMNDIBVOITI TANLHUNUAANN ...t 14
MWONGUDITI TANEHUNATND. ..o 15
o [ 4 a @
HHUANTI00IMITUATIEHOUMAU I aiNUNTInaN.......ooo 16
o [ 4 a ] 1 1
HHUAINIIaIMITUATIZHoYMAU TUD AN UNTaRUD9: (a) 31319 18
A A o A o A J [l A o
FuduveseyMabeain, b) oymadainsuiluginswnu, (o) symadaiin
1 $ ] < [ a o
Avg o nlasugdnnnsawrwiunsaInagasa uag (d) eymadmingUns
[ [ <3 AaAan
TNAFAT AN ATV RNTON oo
anlnasumsganauudaves PVP-Bi Ndunsizd Ia: (n) nieuieuanina sy 20
3121 PVP, PVP-BICl, 11ag Bi (v) tf3suieudilnasuaes PVP-BICL,
DAT VA IUA NI oot
MDY SEM vosoymatiainintivinaegluszaviun Tunas luTasmwas. ... 21
N1 SEM voseymau Tudiainluahazaenauvesenau lnanea 21
(EG) uaztonuea (AE) N9as1dIUA1N9 : (0) EG, (V) EG/AE 3:1, () EG/AE
L1 UAY () EG/AE L33 e e e e
Y
(M Tasaadraveaneur Tudaimuuvasa¥u (Double-walled bismuth- 22

9
nanotube) LA (V) NIND1Y (HR)TEM maqwmﬂuﬂuuawgﬂmmaa@wu

MUUNN (710)



A
DINN

2-14

2-15

2-16

3-1

' Ia I '
ﬂ?WﬂWﬂﬂé}ﬂ\iﬂa‘ﬂiiﬁu@Lﬁﬂﬁﬁﬂul!ﬂﬂﬁ@ﬂﬂiWﬂ (SEM) ‘U@Q’ﬂk!ﬂ"lﬂlﬂju

arllosisuiiFoniadue TuanaasiaTraunuwmivesuaadoniiniy
i 50-800 v Tunudoiinaans Tasldan lWiansuewmanisianndae
SIZIPH. ... oo,

fegaTaunu Tuunsuldnnmsinsei lanedangd unadion nazazia i
1#angrefuandeiuiie (0) naradmsuen @) msven e () 471w
Tduiianin Gi) S TMIREUALI. oo
Lmumwmiﬁﬂﬁaqﬂﬂiaﬂumiﬁamswzﬁaumﬂuﬂuﬁaﬁm (M) NIINAY LAz (V)
MITUITI. ¢
LHUMNLEAINSANEIE N UMS ldmsazmeuuooutazeymau Tudain. ...
LHUANLEAINSANEIE A UMS ldmsazmeuulooutazeymau Tudaiv.....
UHUMNLEAINMSANEIE UM ldmsazmenuioouuazeymaw Tudai. ...

Y v
mwammmﬂmq1Jﬂsafﬁmsummmiwﬁﬁm:ﬁ, uaal N tagazna

D.

AMBINdpIganIsAIdIAnaToULLUERINTIAYBIOYMIALY Tudaini
diminvesTm@onlaasonladaie : (n) Aidwweesd 5000 M1 uay @) i
AU 30000 VL.

ANAG (N) NABIANTIMIBIANATOULLUADINTIA (SEM), MIIATIZH B0
5191 (EDX) tag (v) anvazoyninvetaymau Iudiainginsanay uay
FUNTAUIN. e

ThaunyTuunsulSsufendyaumsinnzidined uaadion nazazia
Taels Tl suagedae () eumadaingnsama ua () euniaun

TUTANFUNTINAL. oo

MIUUNN (710)

TN

23

27

28

39

42

42

43

45

56

71

73



A
DINN

4-4

4-5

4-6

4-7

4-10

4-11

4-12

A
DINN

=\

a 4 Y] 3’/ a Y
Traunu TuunsuueImMsinsIeH laneniinna 3 ¥iia ldun dansd, uaaioy
v Y
nazaznalaeld : (n) 92 Tdheymau TudiadngnsnanTaslinuiloou
AT (V) DUTUTOOM . oo
[ v 7 1
(M) namluaasanudunussenannszud Il taganudnduvesoymau
A o oA A g ° =
deinnndeuvd Iviviauw uaz (v) TraunuTuuAsuYBIAITAAYIANY
uduouMA TUTaIM (0.2,0.5, 1.0, 1.5 182 2.0 NTNADAAT)......cocvv.ae
Y] [ 4 o w a
A NUANNUTVIMIAUMIHEaTIsazateuuNooU tazo AL T
a Y Y 9 [ T A
TAIN ANUATU 50 I TATATUABRAT. oot
1 3‘4 1 g’; 4
waawarenlssumeud Iiisenang (0) Valwihnaradarsven uag (v)
H A A A v A o
i Wihnaadans veunmaeud reeyman Tudainnssnay. ...
4 a 4
gﬂtlﬂﬂﬂﬁuﬂlﬂﬁmﬂuﬂﬁuﬂ]iL’JWITJ’QLLWJLNT}% (Step potential: B, ; Amplitude: E_;
Frequency: f, f = 1/T; Current forward: i, and Current reverse: i,)..............cc.eeuuuns
[ v 4 U { a d o
(M nsluaasnNnuduusszrIenszua ihnldanmsinszdans d,
AR eY uazazNINTLeza1 lun1smIzAaadIs 15, 30, 60, 120, 240 L1AE 300

a ~ A Y = a
UM Lag (V) I’JﬁLL‘VI?JIllLlﬂi3J‘VIHl,ﬂflﬂﬂfﬂiﬁﬂ}l15388&’3@111&ﬂ15!ﬂ1$@]ﬂ

[ [ 4 1 { a d o
(M nuaasnNnuduRusszrIenszua ihnldanmsinszdans d,
= < d' d' a 4
UAAEN LaZASNINANND 15, 25, 40 uag 50 135a% uaz (¥) 1auny Tuunsy
Ay ¥ = A
AN ITANH IRV .o,
@ @ 4 1 { a d o
(M nuaasnNnuduiusszrienszua liihnldnnmsiinszvdansa,
o { a Aa A 4
UAAEN HAZAZNINUDUNAYA 15, 25, 40 LAz 50 Had 1rad uag (v) raunw
Tunns N IR NMSANBIHAVOWONNAYA ..o
@ @ 4 U { a d o
(M nsuaasnNnudunusszrIenszua ihnldanmsinszidan: d,
= A = A a P’
upaile uazaznaNawl Twnuieal, 2, 4, 8 uaz 10 ¥aa 12aq tag (V) 11

uny Tuunsun ldamnmsaneiaey Twmumeoa. .o,

MIUUNN (710)

74

76

78

79

80

81

82

84

85



4-13

4-14

-1

f-1

f-2

f-3

3-1

1 1 I @
™ Trauny Tuunsui ldnamsanusanuiluduasaueadangd, upadioy
Hazazn?, (V) NIMINATTINYOIFINZA, () nIHATIIUVEILAAEIEN LO(J)
AT T THUDIALN D, .o,
=~ g’/ ﬁ a v 1T 9
muaasanuad osve e yman Tudadnnssnan Tasnfovazms
d' Y ra [ = = o
Wesuumnasgudedlumu + 10 %: () §9nd, (U) uaadion Lag (A) AZH........
ANMIAUIVNATATINAGIZATDINTATIVIA (LOD) HazIATINAd1AvD
a 4 = Y] J [
MIIATIEHT N (LOQ) Mt Tadynainod RN TUNIUNIU (signail — to
T10ISE 1 S/ ettt e e et e e e e e e —e e e et e e e e e anaee
o a (d' J @ @ 4 a %’
eI gIuveaen 2 TuuumI ngnuana19ny; (ad) : Yo siuediaa, (U1
a =1 4 = % ' %
A TReunas 156 1o (V83) AI0E1HINLIA . ..o oo,
Trauny Tuunsuveamsaneiaaumsneasymau Tudeain uazuuiloou;
@) neaesazarouuilosunsundimuleaIsaza1so ALl ludaiin,
(@dv) vieamsazarvoyniau ludadnnoundinuaieaisazatsunuiooy

oy (M) vieaasazalerauvesuoay tagaymau Tudiain...........

[
[

ANMIAUIVNATATINAGIZAVDINIATIVIA (LOD) HazIATInad1gaAved

a

v o J

a 4 A, [
MIInTEHYT Il (LOQ) A7 iadyyaainodaya M IUNIUNIU (signail — to
T10ISE : S/ et e et et e e e e et e e e eatteeaeeaataeaaeeeaeeeaeeearaeaan

Trauny Tuunsuvewaadisn Tumsmaasnad1gaenIsngia......... ..

[
[ )

o a 4
TraunyTuunsuveaaiien lumsmiaiinadigavosmsianeiilsne. ...
=) Y 1 [ Yy a 9 axt a
nsmsraalionludIe1 a9 1989A B ITMIANAITNINTI . ...........
(mlususesnsdiiuaulseyuIvns “Burapha University International
Conference 20157 t1ag (V) NYIAUATTUIDINANUIINIAIDIVULIAADUAY 1

a o a A I o 3’, {
ﬁ]”IfN11!@11!1J5$1{11’J%”Iﬂ155$@ﬂ%1@] “INOINTAINY ATIN 67

87

&9

91

92

117

119

120
120
125
138



[ o W
1.1 anuiunuazanudnyvesifym
[ a = g’.} d‘ 9 [ d‘
nannsveunananuad liiwnelrvesnunszuiunisnisuan)agu
a g 1 g}/ { a 4 o ]
dranasouserI99 190 (Electrode) tlaza@15NA09n15 AT 1EH (Analytes) Tagri1n153a
a 1 { Aac 1 1 o
Ysuna llihi Idanmsuannldeusidnaseulugluuvuaie q wu aszua’li, dndlalih
I o 1 a 3 a a 4
uazalsza I ludu (Wang, 2000) tagtiunuimaiamanil i umaiinmsinsiew
~ Yo v Aa S 2’, g <3 A a 9 1 <3
nlasuanuaulanminInnmansesnaun MailmnzilumaiianlFnudie azainiias
o Y I P <3 9 Y dyw 1 A
awnsonannImiluglnsaindivinamn vazldaumaaunld uennnlidimuiumaianig
< a ! a 4 .
il lduumatianianugndes nazianimlalun1sws1ed (Li, Guo, Zhai, & Wang,
= Av A A 9 [ I~ T Y] = a
2009; Tesarova et al., 2009) F491031891UAITIVENAEITDIA19) 1T UM UT U Feuasiia

v ' v
aﬂHmZIﬂi\‘]ﬁ%}N Lla8@\1?{ﬂﬁ8ﬂ@‘]_l°UNE]EJNGU’E)W’JLIV\IWWTQEJLQWWZGEJNEN‘IJ’JllV\IﬂWﬁ"I\ﬂu

s
[ Y

(Working electrode) danang1anInaoanugnaoaniug azanwhlumsimizd duniuda
Wuhauiseiinedestumaian u,azﬂ%"uﬂgq@mmwmm%’ﬂwﬂwﬁmuﬁLmﬂﬁ'mﬁwﬁu
E]EJ'N'i?ﬂ!g?l (Alkire, Kolb, Lipkowski, & Ross, 2009, pp.1-2; Martin-Yerga, Gonzalez-Gaeca, &
Costa-Garcia, 2013; Raymundo-Pereira et al., 2013; Ricci, Adornetto, & Palleschi, 2012)
maTuTadu Tudlumadennilalunswamn uazﬂﬁ'uﬂqmmmwmm%’almﬂw
M Iﬂﬂﬁljil"lﬂﬂﬁﬁ%“ﬂﬂIuTaﬁuﬂ’tJMWﬂingﬂ%ﬁu%ﬁEJ?JﬁW@lgmﬂuﬂu (Viaszum
1-100 ¥ 1w ) m“l%ﬂui’ﬁ@“lumiﬁ%’Nﬂ%a"lvaﬁNm(Brechignac, Houdy, & Lahmani,
2007, p. 3; Schmid, 2008, p. 3) ﬂ“iy’a"lWﬂwaigmﬂuﬂuﬁal%”lumﬁmiwﬁ'mqmﬁ"l,wﬁhﬁﬂma
FHA 13U Gﬁza"l%lﬁmumﬂuﬂuma, %'a"lvmmigmﬂuﬂuuwaﬁﬂ’u Gﬁza"l%lﬁmumﬂuﬂuﬂ@ﬂ
lef, %’a"lﬂﬁmumﬂuﬂuﬁmﬁa, ﬂ?’ﬂﬂﬁmumﬂuﬂugﬁﬁa, ﬂiy’a“lvlﬁwmgmﬂuﬂumé’mu
uamiza"l%lﬁmumﬂuﬂuﬁﬁ un (Asadi, Asadi, Firuzabadi, & Shorkaei, 2014; Dharuman, Hahn,
Jayakumar, & Teng, 2013; Fedotov, Grigoriev, Lyutikova, Millet, & Fateev, 2013; Han et al., 2006;
Jayakumar et al., 2012; Lo, Aldous, & Compton, 2012; Mazaheri & Allahkaram, 2012; Yang, Li,

' < J Aw A a (% ' o
Lu, Xi, & Yan, 2013; Zen & Ting, 1996) 0613 150aumuN5180114m13I98NNeI1T0989na17 63



=< o 4 1 o 1 Aq ¥ d g‘/ [
GU']@ﬂ']iﬁﬂ‘H1ﬂ’J13Jﬁ3JWl!‘ﬁi$‘Vi’)']\‘l’ﬁﬂ‘]elﬂwg‘ﬂ31\‘1ﬁllf]\iﬂigﬂ']ﬂuWIuﬂﬁl“ﬁlﬂuﬂlﬁulWﬂWﬂ\ﬂu IUag
a A a 4
Uszansainlumsunsizw (Aragay & Merkoci, 2012; Saturno, Valera, Carrero, & Fernandez,

v A o

) 9
v ) @ aw J [
2011; Wang, Li, & Liu, 2013) aatiud115uamisedl faseldnguszaed lumsanuianyus

[

] a @ 1 1 1 1 A o ya3
sUs1veseymau Tudmingds1ang o wu jinsnay uazgUnsama meshunliluiag

Y
Y o o [ a o @ a T W
Tumsadravq Iy dmsunsiasig lavemiinduuuy 3 vile laun dansd,

AR LAZAZN)

LY J av
1.2 JnguszaanveamsIvy
A = as A o [ [ I'd a o
1.2.1 efnyItmsuazanzimingavdmsumsdunsizioymau Tudiain
JUnsInaw uazzinsamg
4 o A o Ao @ N vd S
1.2.2 edAnymitheymau ludminidunsizd 14 Wiszgnaldiiua T
o a o @
Mo lumsins v lavgwiin
3 ° 2’, Aa o { o 2 I 2 4
1.2.3 o e ymaun Tudaiminianniu ldsegnaldlumsins iz
Taneminluaied19939
d‘ = Q/ 1 ) % 1 a )
1.2.4 WenfFoufisudnbuz jisrvesoymau Tudaminaedszaninmlums

a d
AUATICH

1.3 aNNAFIUVDINITIVY
i Iihiedluesddsyneudrveanatiamuad Tvvh Hdnvagiia uas

&' {a o { g}z 1 0 [ A A a o g}z Ao
wuirmvestaailHiluin lihiidwddaaetsaniamlumsinied duiulunuise
Y

%

o 1 1 A o Ao J I
tidgesmsAnuSeuiisudnbazgilinas q veseymaun Tudainmihunlszgnalfilu
2 o a L = = o
92 s lumsinszddanz & uaalion wazazn,

d Y v av
1.4 Yszlawiimaiazlasunnmside
agoi lihniennvu I 1Flumsie g lansminsiaoug laonnad

amninih liszgndldludedeniala



1.5 YBLIVAVDINITIVY
o % Ao dy 9 ] I 1 Y] g
fvsvveuwanuIdel lausnueenilu 3 auasil
1Y 4 a ) 1 1 ) = d'

1.5.1 Madunszoumau Tuiiaiingisena o Tagimsanianiigi

d' 1 1 1 Lé [ d' o =< d‘ A
Nz aundIRaaevianaz N Felatenihimsnuianizimunz auae

- 3Unsanaw : sandmsznINDainae Twa e lw1sa Tau (Bi : PVP), A0

Y 9 a o J . ¥ o = s @ A
wmmmuanmaa”lsﬂ (B1C13), umuﬂmﬂﬂwmw"lamaﬂllw (NaOH) LUagans1ngIng

a

H v )
gamgiluvuaeumsnanuiou
- 3Unsams : sanauszrIndainae Ina hiiaTnlsa Tau (Bi : PVP), A
Y 9 a o . a Aaan Aax Aaaa
wntuveslain luasa (BiNO,),), szeznarlumsinaljnaen uazismangalfnienves
MIFUATIZH
~ g’/ a o d‘ a 4
1.5.2 mawsenaa ldhoymaun Tudainuazangivingaylumsinse i
(m mamsenan e ymau Tudadn uazan gz aylumsioy
g‘/ [ ] o 1 a g a . a
7 Wi T serareedandamanensBAIIEH U ANUTNTUYe U TpeY dauuloay
I a P { 1 g’; a Y 4 o (]
Wuweame il lumsdamiionszrinein Ilihwazeymaun Tudaidn wetloanluld

a @ @ ] . = a s 9 9
eigmﬂuﬂuuawwqﬂ@aﬂ“lﬂmma@msl (Support material) FINDANDTN IHVLADIAINTD

o

1 1} Y 1]
Wi Idme ldinamsuandeuddnasouszruinein i leseuiisideosnsiasg v

o & Y 9 9 H

Y H
muummmeuwmmuuwgau%qﬁwammmwm LLEI%TJN"IJ’ENEU’JblT\lﬁ"ﬂJﬁﬁJﬂﬁﬁﬂ@ﬂ

u

a a 9 3’, = 4 dy Y 9 a @
Uil')ﬂ!W'JW‘L!TGIJE’JQGIJ’JllWﬁWﬂﬁTﬁ%ﬂﬁ“]J@u ‘L!’E)ﬂﬁnﬂuﬂQWNLﬂJMﬂJuﬂJGQ@HﬂTﬂHTTHUﬁNV} uas

o w 1 a Y] a S 1 [ Aa a A o o
aTﬂUﬂTﬁiﬁ@HﬂTﬂuTTu‘UﬁN‘ﬂ Llﬂ$LLUW®@LlﬂENfNWa@]i’)ﬂigﬁ‘ﬂ‘ﬁﬂTWﬂTi’JLf"Ii1$‘ViIﬁ‘Vi$WHﬂ

9 Y
v v Ay AKX

Y o =2 v A 1 a do A
muu‘lmm’;%u Qllﬂ‘ﬂ”lﬂ”liﬂﬂkl"lﬂi]ﬂﬂﬂﬁﬂﬂﬁ@ﬂﬂ?iﬁlmiixﬁﬂﬂu

v
9
Anwimamaouia lihounmaun Tudieinlael vag liluuileon
Anpanududuvesoymau Tudainatiani

=1

- Anmanulunsldoymamn Tudadnuazuuiloou

Y
A o =

9
@) Anrnanuidlull1alumsngizd Tarewiin Tag 1 Tnihnwmnau
nf3eumeuginsanay tagginsaums

{ 9 [ a 4 a J a
(") ﬁﬂmam’;zﬁmmmummuﬂﬁam51$wﬁaﬂmﬂuﬂaumsnwuaiuﬂﬂ

=

a (A a o 9] g‘/ @ i 1
aasdaTramuuns lumsinsiz laveminuuiide uazan iz rainvaleNawanoms

¢ v P A Jd o

a a o c?ﬁ Y o = [ 1 a dal
AUNIISH ﬂQHHiUNH’J%ﬂH%ﬂ@TﬂﬂﬁﬁﬂH1ﬂi]i]81/lﬁ'ﬂwa¢]ﬁ]ﬂ1§’;!ﬂ51$ﬁ JU
- 52921 IUMIINZAAE15 (Deposition time)

- A0 (Frequency)



- LIBUWAYA (Amplitude)
- a1l Twimuisea (Step potential)
% ' a J . <3| =2 ! =
(1) anvazau 1uNIAAIIEN (Analytical features) (JUMIANEIAIMIUAL
a ¢ A 1 ana S = X% g Y o =
Ansziiie g lumstsenanuauninvessaimszd ¥ lunudsel Idihnmsine
(Y 1 a Jd o dy
anvazaulumMIAATIEHAIY
< 9y . .
- AN UEaUASI (Linearity range)
- YATINAMIGANIIATIVIA (Limit of detection: LOD) HaZIATINAMFAVD
a d A
15 1A5 1z HUT VI (limit of quantitative: LOQ)
F H Y
- ANUEDe5Ue U I AWALITY (Stability of the electrode)
- $peazm3 lAnaUAY (Y%recovery)
a J
1.5.3 MIANYMUNI NG
Ia o @ o ] a H a o .
1.5.4 msszgnadnsig langminluaiedeesalaeldan liheymaun Tudaing

Y
U

=
NWAHHIVU



2

=).

un

U

a d' d' Y
19NA1IUALITUIVY TN IV

=
2.1 waa Wil uadl (Electrochemical cell)
4 =y I d A A A A A Y o [ a 4
waa I ualisaluginsainsemieatiomauniinlddmsunsiasizrinig
w1 19 Taea lwad lduadozutiseondlu 2 siia Taun (1) maananiin (Galvanic cell)
wannnsnl§asomaaiindufaflundinunaid vag ) wadaidning lad

o

@ a aaa : J
(Electrolytic cell) Aon13 1wasaiu lihudri dinad §nserniaail ¥seensznovues

v ! A

9 Y v
wrad Iduaiing 2 vilatilsznoudediuidinny 3 daufie (35% Sossinszna, 2549 uay
v d A 4
01708 ATWIY, 2543)
A < Jd o @ ad
(1) MFULVIIYAT (Cell B30 Vessel) 1Juginisldmivussgarsazalssaning
J A @ 1 A Y a 4 v A o s A Y 9
laq wiomsaredandesnsinsizd Taguulimswanngdunuvessadive ldawsn s
= a oA ¥ o J < J
a5 lufsnattesn 18 lumal§iiauiesseninmaihinnesinlailuwsadussyarsunuld

o d’
PNNINN 2-1

£
N

A s ' o o a o ~
AN 2-1 !"]fﬁﬁlliiﬁ;ﬁ'li31]!,!‘”‘”9’]']\1‘]ﬁ'l‘l’iillﬂ'li')l,ﬂi'lgﬂﬂ'l\imllhh\lﬁ'l (Metrohm Autolab B.V.

n.d.; Used-Line Used Hi-Tech & Scientific Equipment, n.d.)

ad o { 3
(v) Agazaedan Ins lad (Electrolyte) Aoensnilaauziluveaumal taza1unso

uanaailulessuldmldinanisi i arsadn Ins ladgnadmsuaaa Induniiazdo

~ Y a Y 9 1 o aan @ A Y a 4
a%a18ﬁ1iﬂl51ﬁﬁ]ﬂﬂ1iﬁlﬂi1gﬂﬂﬂ L!ﬁ%ﬁ@\ihlll‘ﬂ1ﬂ§]ﬂiEI1ﬂ‘]JfT1i‘1/'IL5W]ENﬂ1TJLﬂ51$W



o ad P 3 ) /a3 %
Taena llansazarsdianIng ladnldeviluansazarensa, wa, thae vieiwimesnld aalu
d‘ 9 (= g’z a 9 ] S 3 adg 4
sruuidesmsauguaiestiutioy ldmsazaretivesiluasazareoianInsg laq
2 g od A , ~ ! A v '
(m) 92191 (Electrodes) iluginsaitnamsmemaanasouinaninmsmaoui

ad 2 ] I a A
VDIDLANATOU m”lﬂﬁwmmmumaamﬂu 3 %UA AD

1921781989 (Reference electrode : RE) (a2 1 ldiondnd lilihiidos
M iuaa Iy deaa1idre5 iz doaiiardndlfned Bindsdufunis
wasuudasweanszua il uasdes lilifalfsemevauestuasazaredidn ng
Tad14f TaeundmdndInivesisesiienldningunsalasaeSadyana Iufifudluai
Fannnadavedndiihoni Ilihnaaeiees dsadndliihveasesiialdiizoni
MAnd T dusing (Relative potentials) #a1iu1nd2 i isvesraasiluda s
SndlilihasiivzsI¥amsammdndliiue st I ndamiia (32T Adelu
299714 2 1WhdreBaiden1d 1dun 92 1M s59Faned/Faneians l5d (AgAgC
electrode) az 1 1Whd a8 Tawa (SCE) Hudu naganaiwd 2-2 naaasaodrann i

Aa aAa Jd A 4 4 gj a
$1999Fa03/Fanesnao 15a uazan Iiihdredea Tama

™ W llhareesmlamasiinduda ) 131989 Ag/agl

@15a2a19 saturated KCI 302010 saturated KCI

arunaun lawa
(Hg, Hg,CL,)

@uadatu (Ag) f

-—

il ™~ 1AADUAIY AgCl
Ny Thwesndudaiy

Y
a1TaangUINuon

Tvhuosnduranuy

13221891910

{ g‘/ 9 a gll Y a a J A 4 4 g}/ 9 a
i 2-2 92181989 a) v W8 eBaFanes/Fanesaas lsauay 4) 12 1WT81984
arTawa (dandasnioin: an1iuudianssuuaz WanszuIunITGous

UHIINEaeNaa; SlideShare, n.d.)



M “li:’ DulWﬂW"?JEJ (Auxiliary Electrode : AE or Counter Electrode : CE) "ﬁy} 3111"] ﬂ1‘]5f!ﬂ
ifqasnvuriimmziede ufudni lihia uazidudai sundean lieanda T
$198edaseruasazans g T e liRaU s euniifuasdedia Tag
i lthaei it dwRede e Ifinansnasunlasla « madu e liderades
dnd'liihitsa lditues Tavin 1y Sagidenldifludaluiheaei 18un araumaiihy wieurn

Ao a ¢ N (P Y
UWANUY DA FAITUDU uazuﬂi"lvxl Auau

k) Y Y 9 v
09 Il (Working electrode : WE) 12 Tl iiduaa luihiidreay
1 a 4 <3 ‘;”, A Aa 1 ad dy a 9 g’a a g
aonsaaszimaziuid IihnmanisaiemadnaseuuuiuAIivesd iihesiiail
v A A Y A v ad a a Y 3‘1 o o Y Aa 1
WuaedimsIvsesuddanaseuusnauiiviive vl Wil auwi ldinanms Ivarmiuve
Y Y v v
aszua i 92 TWdihanivezlsenev Tl dreduini Wi wazdrunduauiy du
9 1
Tajudain IWfvihauien1$iiuTavsiRos 9y uwad@iiy (Platinum), un3 W6 (Graphite),

4 14 I
NAEFATUDU (Glassy carbon) H3ONIAI5 VB (Carbon powder) Fudu

1 g o a 1 a o a 4
AINA 2-3 ‘ll')hlV\Iﬂ"Wl'N'lu‘Hu@@"N‘]: UNANUY, N3, NU agnaaFMST U (Metrohm Auto lab

B.V. nd)



2.2 N lvhdasin (Bismuth electrode)

Y v 9y
2 Il ihaunlglumaiiamaail ldihlegarenunatewsiiay 972 TWdhnes,

v

2 15w, 9 ITueud Tudt, 42 1M unstlu, 421w suou wazaa 1isen
ndJu Ay (Hocevar et al., 2007; Jena & Raj, 2008; Li et al., 2009; Lo et al., 2012; Omanovic,
Peharec, Pizeta, Brug, & Branica, 1997; Piech, Bas, Paczosa-Bator, & Kubiak, 2009) c‘fkq”luaﬁﬁ
A i 185 uanuionfiods Iihdsen esnnda Ilihusemiufinnugndes tazanin
Tlumsnsizsiga Taoimmzaggans ihlsenvea (Dropping mercury electrode: DME)

: 3 g { £ {a 1 H 1 o a
Fatuaa lWdninsadwinunir lninnasclusaaznisnaass s ldanimiiniives

b4
o/ v

o a dy = &' A Y a 4 Aa Y
611’31‘1/11/111/]1&111%1!@1!6861@ u,azhluumﬁﬂmﬂaumﬁ‘nmaqmsamﬁzmmzaqﬂmwuwm

b4
o/

7'l (Chen & Hussey, 2004; Nagles, Arancibia, Rojas, & Segura, 2012; Zen & Ting, 1996) o

3 = T

Humawaiihddr ifhdsendlufifion edrlsiamudi iihysensziidedeguinue
m'ﬁ:mﬂimJLﬂuﬁyﬁgumwmﬂiwﬁ’maﬁﬁmﬁmam HAzAWINGON INTZNIVI
Uszmainsmwly (auzdunulnedszdrszanngTsy,/a1.1; Grant et al., 2014; Liop
et al., 2014; Wang ct al., 2014) §2euia T 113 A.4. 2000 Wang 1oz Lu Idiuauons1daq T
Aduiiesn (Bismuth film electrode) Vuiiunsausniitoldmaumuaa lihildulsen (Mercury
film electrode) 1141183 Tl auas Iihldudmimazinnuilufivfoon e il fldy
Uson uadansiianmhlunmsdinneifiganidndae
{Tﬁ]fgﬁuﬂ'ﬂ?ﬁi”ﬂ"lﬁ’ﬁmiﬁwﬁaﬁwu11/?1@uéﬁy”a"lwv’\hﬁnmiuwmﬂwawgﬂuuu 15
ﬂ‘?"a"lWﬂﬂamﬁﬁ 1IN (Bismuth electrode) (Jiang, Wang, Ding, Lou, & Qin, 2010; Pierini et al.,
2013; Romann & Lust, 2010) ﬂ%’JVlWﬂWWé’Nﬁﬁ un (Jorge, Rocha, Fonseca, & Neto, 2010; Kafala,
Economou, Voulgaropoulos, & Sofonou, 2003; Rehacek, Hotovy, Vojs, Kups, & Spiess, 2012;
Sopha, Hocevar, Pihlar, & Ogarevc, 2012; Van Staden & Matoetoe, 2000; Xu, Zeng, Huang,
Xian, & Jin, 2008) ﬂ%ﬁlMWWN‘ﬁﬁ 1N (Bismuth powder electrode) (Hocevar, Svancara, Vytras, &
Ogorevce, 2005; Hwang, Han, Hong, Park, & Kang, 2009) uam‘?"';"lv\lﬁ"nmgmﬂuﬂuﬁﬁ 1N (Nano-
bismuth electrode) ( Hocevar et al., 2005; Lee, Lee, & Rhee, 2007; Yang et al., 2008; Yang et al.,
2013) 13 udu GT'Nmsﬁ’muwiza"lWﬁwﬁﬁﬁmdauimy'ﬁfﬂqﬂizﬁqﬁgﬁaiﬁ'ﬂWiﬁzﬂiwzﬁﬁ
Uszdninminniiga uazLﬁallaJ'ummﬁmﬂuiaﬁuﬂu"lﬁ'm?m1ﬁﬁ’mf‘hﬁmﬂumsﬁ%ﬁq
I Tudasim desnnmsiaszimamaiiani iniuRemsuanalasusidnasou

=

@ a a 9 g}l [ g}l dy AAa a g’; 1 ad <
ﬂu‘]JiL’JmN’mu16UfJ\1ﬂJ’Jhl1/\|ﬂ1 muumﬂwummiﬁnmﬂl’ﬂ%lﬂmmmmamﬂaﬂumaﬂmmm

o

a 2 ° 9 a a a sy A EY = Y awv ' 9
TINAUINVU Tn‘lejﬁgﬁ‘ﬂ‘ﬁﬂ1Wiu’f\nﬁjlﬂj1$Wuulwuu1ﬂﬂlu@38 %QulﬂﬂUﬂaﬁlEJWQWﬂV]Tullﬂ



] 9
Wnsanmsduangioymau Tudadnienszgnd Isiudalvdiviulunis

q

[

a sy A ~ & ' Awu A a Yy y &
’J!,ﬂﬁ'lﬁﬁﬂﬂﬂmﬂuﬂﬂ']ﬂlﬂllll‘V\IWW mmﬂmyﬂm fJ‘ﬂl,ﬂfJ’J‘ll’ENﬂ‘]Jﬂ']'iﬁi']\i‘ll?llV‘l‘VSJWfJHﬂWﬂUW
Tuliasn (Hocevar et al., 2005; Rico, Olivars- Marin, & Gil, 2009; Piankova et al., 2011; Yang

< Av Ao (= =< = a 1
et al., 2008; Yang et al., 2013) 11l ua1udvendgs ludimsanslSeuiieusiia uazgilsreves

Y
%

sunmaur ludaimilFlumsadni ldihiawadelseaniamlunisiinsizinig

Y A v

= o awv dy J @ J a o A
@il Il duinluauitelineaagditeli daguszaed lumsduasizioymau Tudaing

QU
9

o ] 1 4 o I Y ) a a a Ed
Hanpauzgdinan q weunadredue i vagd@npdszaninmlumsinsigs
v 9 Y 1 o = = d a & o o ¥
Tanzminduuuy laun dangd, uaadiow wazazn dnnedsamnsothva liheymauTu
a o ) e o a Jd v ] a
deniniaunil lszgnd lslumsinsizyiaied19n3@naae
= =) =)
2.3 mainans1ilaliauninam3 (Stripping Voltammetry)
a Aa (A I A { A ) [ a 4
manaaas Ut Taunuunidumatamaal Iihndeulsdmsumsdiasiev
2 Y . a o a 9 g’/ ,%' A
a15USu 108 9 (Trace analysis) 1A8RNIZN5AATIEH lanelsuiatios q Neililiesain
a ENE = Y ay/ = 3’/ N ..
mataaasUTh haunuunsdsenoudie 2 Tuaeu Ao (1) TUABUNISINZAAETS (Deposition
. 2 g’/ ~ o Y =Y 9 a A A
or accumulation step) FuuvuaouNy N lanzdSumiios q luarsazare nansinizaan
a ) 2 o X o q U Y ) a s Yy g A
Aviveav2 Iiihau e ldanudutuvo s Tane Nd o9 s AATIZHUAUIT LT LN
3 x I c;y/ o a a (A a 4
vy FutuduasunildmaiaaasUtaTraunuunitanin lhlunmsinszst vag )
Y T Y Y ] ] v
TuaouMIan3 e (Stripping step) Favunauilaziims iand liuivesh 1 Tansganigy
a 9 g’/ o g’/ A 1 d'dy 9 ]
Amihvest Iidhauluduaeunsnngaeen nieazawesngaisazate Tunil lduiens

a 4 a a A I
Anszigemaiaaailtlaunumnisaniu 2 Usznnde

2.2.1 weluin an31/ils aunsuun3 (Anodic Stripping Voltammetry: ASV)

Y Y [
wo TuanaasitlaTraunuund Usznoudie 2 Tuasusu@ernu lasvuaoun 1

k4
Q/
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Y H Y Y Y
duneuanililedrmfune TuanansuilaTraunummii d§asonimatiuluduilveiu

UN3e100nFATY (Wang, 2000; Kelly, n.d.) asaaalunini 2-4
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@ | Accumulation step
l M* "+ ne“—M (@]
Eq |

() 'I‘u.ne
@) e
C4d, :
E:’ /l -u" »
B A
5]
(5) Potential

4

~ a <Y a a a (A ~ o
AINN 2-4 15 aRs1zHAremalaue JuanaaslilaTiaununs : (1) ATINANNFUNUS
seraal uazdng Wi vaz (v) Trauny Tuunsuveauaaion (Cd) 1agNo A

(Cu) (Wang, 2000)

~ ~ 9 a L = =1
ANNINN 2-4 Iaﬂgﬂﬁﬂﬂﬂ'ﬁjlﬂﬁ'lg‘ﬂ@luﬁWiaga']‘(’J 1o !Lﬂﬂlllﬂlll,mgﬂ’ﬂﬂlﬂﬂiﬂﬂ
g’/ a Aaan Y a =< Aa Y g’l o @
IﬁWzﬂﬁﬁ@ﬂﬂglﬂﬂﬂgﬂiﬂ'ﬁﬂﬂ%u Lﬂﬂﬂ'liﬁlﬂlﬂ'lg‘ﬂW'Jﬂu'lell’t’]ﬁ"llﬂulwﬁ'lﬂ'l\ﬂu ANTAUNIT (2.1)
1ag (2.2) (Steckhan, Fox, Schafer, Uneyama, & Utley, 1987)
Fe''+2¢ —> Fe - 2.1

A ] , Deposition 130 accumulation step
T +2e @ —> Ti°  -—-—-- 2.2)

Y 1 Y
nniwieaunusdnd vl 1 lumenan (AsdfAseeendadu) wzmaiunounis
an31/1le aeaunsi (2.3) uag (2.4)

Fe’” —> Fe'+2 - (2.3)
Stripping step

2+ 3

Tim —> Ti +2 - (2.4)
2.2.2 uplnin an3vils launsuns3 (Cathodic Stripping Voltammetry : CSV)
a a (A A A Y . .
uaInanaas U Taunuuns dwaiioumnasiounsean (mirror image) Y9ILLO-

a a (A v c;y/ @ [ @ v c;y/ { <3
Tuanaa3UtaTraunumns $915enouale 2 TUABY HANMIFUASINY FaTUAUN 1 131U
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AaEUMITN (2.5) (Wang, 2000; Kelly, n.d.)
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A" +Hg HgA +ne’

stripping
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I ~ Aann A Aa é‘ ) o a a (A ~
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v Y Y
sang laan 19472 TihiRudluaa Tdhvhau

deposition

Ag+X AgX+e 0 - 2.6)

stripping

X =CI,Br

(% =
2.4 mqmamg!mﬂuﬂu (Nanomaterials or nanoparticles)
I Ay Y o d A A 1q ¥
pymam Tuiluoyman ldanmsdunsiziniensuaoymantvuialvg v
= o A 3 Y o ~
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a aan < @ wa wa 1 < I Y =
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AMA 2-11 M08 SEM vesoymatdinidivmnasgluszaviunTumwasuaz luTaswas

(Cheng et al., 2009)
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(Wu et al., 2010)
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guINA (Kharissova et al., 2010)
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o ] So' dyw o = [ v J =1 1 = o
AIDYNINUT UDNAINUIININITANHIANUTUNWUINIUANUNTYNTINLITY WDY, m’;‘uﬂ%h/’h, 314

' <3
YU LAY

Q15199 2-2 anuauduvelargniinludl0619au Tnaua1nuI N Iua YD INIaaU

ﬁuﬁu (Radulesu et al., 2014)

% ] Yy 9 v d’ a Aa o 1A (%
#2081 ANUUVVIUVDS laneHIANNY (Haansuaen lansy)

Al Pb* Cd* Zn* Ni* Cr* Mn* Fe*
Tnau

TL3 12.13£1.5 9.11£2.5  1721.2845.2 17.51£1.5 17.33£1.4 9247+£3.0 34572.66+4.0

SL3 17.69+4.2  6.07£2.1 2465.44+6.5 1543£1.2 15.43+1.2 89.88+£2.8 33568.43+4.5

OL3 11.03£1.1  8.2242.0 1848.11+6.5 12.19£1.5 12.19+1.5 55.13+2.5 21901.73+3.0

AIL3 10.87£1.5 9.08+1.5 1345.67+4.5 13.85£2.0 13.85£2.0 54.32+£2.2 21834.52+3.5

BL3 9.66+1.0 10.77£2.8 1504.18+£5.5 12.41+1.0 12.41+1.0 56.66+2.0 23410.24+4.0

FL3 10.48+1.0 9.71£3.5  1721.32+5.0 12.77£2.0 12.77+£2.0 53.28+2.5 21730.30+4.5

AL3 13.31£2.6  7.69+2.0 2246.41+4.5 10.33+1.0 10.33£1.0 76.68+£5.0 39574.78+5.5

*Flame Atomic Absorption Spectrometry (FAAS)

A Y 9 o % ] A [ = A 1 [
AT NN 2-3 ﬂ')’]illsllllslluell@\TTaTWWuﬂalugnf]fJ']\iu'Wllﬂ‘]Jll'mﬁlﬂigﬂ‘Uﬂ'JnJaﬂﬂl!ﬁﬂ@’l\iﬂu

(Radulesu et al., 2014)

% 1 Y 9 % d' a Aa o T A [
NIVYN ANUANTUYDI lanE U N AN (Nﬂﬁﬂillﬁ]ﬁ)ﬂiﬁﬂill)

Al Pb* Cd** Zn* Ni* Cr* Mn* Fe*
Tnau

TL1 5478+1.2 0.771+0.1  234.211+4.5 11.156£1.5 1.257#0.1 21.498+3.5 301.1645.5

TL2 0.412+0.1 0.051+0.01 266.347+£3.0 2.204+1.0  0.326+£0.1 7.031£1.5  351.22+5.0

*Flame Atomic Absorption Spectrometry (FAAS)

**Graphite Furnace Atomic Absorption Spectrometry (GFAAS)




A15199 2-3 (AD)
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#0819 anudutuveslanemininy (Haansudenlansa)
Au Pb* Cd** Zn* Ni* Cr Mn* Fe*

Tnau

SL1 5.458+1.6  0.935+0.8 218.02345.3 7.435£0.8  7.10320.4 20324423 267.11+3.4
SL2 2.86240.1  0.052+0.01 248.976+6.0 3.452+1.0  1.908+0.1 17.903£2.4 260.99:4.0
OLI 3456410 0212410 214.113+4.5 8.03241.5  1.744+0.5 28.355+3.5 365.77+4.0
OL2  024440.01 0.04240.01 233.51244.2 0.874+0.5 0341£0.1 19.84542.5 381.66+3.5
AILl  4.014£1.5 0.799+0.05 228.514+4.1 10.251+1.5 2.867+0.5 29.147+3.0 321.61+4.5
AL2 0381£0.1 0.07320.01 297.850£6.0 1.11320.5 0.62120.1 20.138£2.5 399.05%5.5
BLI 4321£1.0  0.69840.1 216.243+4.5 10.183+£1.5 2.37120.5 28.221+3.0 374.2246.5
BL2 0.41240.1  0.068+0.01 286.095£3.0 1.035£0.1 0.422+0.05 21.847+2.7 419.29+4.0
FLI 533120.5  0.738+0.1 222.355+4.1 9.961£0.5 2.038£0.5 26.158+2.0 381.66+5.0
FL2 0.421£0.1  0.062+0.01 271.267+3.3 125320.1 0.436+0.1 19.833£3.0 376.59+4.0
ALl 6.017£1.0  1.88120.5 261.22144.5 9.336£1.5 4.755+0.5 23.665£2.5 314.41%5.0
AL2 4.458+1.6  0.855+0.1 278.558+3.5 7.284+0.5 1.133+0.4 20.371£2.0 287.01+3.8

*Flame Atomic Absorption Spectrometry (FAAS)

**Graphite Furnace Atomic Absorption Spectrometry (GFAAS)

o a o 2 o 1
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e = S - s
percu-cic A study of the optimal conditions for determination of heavy metals
; "'JRPEIIDO using anodic stripping voltammetry via a nanobismuth electrode

Juthamas Boontungtang®®, Karaked Tedsree®?, Sasithorn Muncharoen*2b
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Results

Metal Linear Equation Precision
range g {%RSD)
{ug.L")
Methodology 09968 y=0.0445x-1.1118 8 4(n=20)

» Working electrode preparation R ¢S kR QiR 70(0=13)
0.9970 y=0.0367x-0.1822 8.6(n=15)

Concentration of heavy metal (pg.L")

28 3+0. 57
12.0£0.67
12.4£1.48
35.6£0.22
14.1+0.82
Sample 2 24.9+0.47
33.6+1.41
18.6£0.33
Sample 3 45.4+1.39

> ASV procedure
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Abstract

I this research, ihe optimization of Za( 1), CAIT) and PIT) deiermination wsing aodic stripping voliammeiry
(ASY) with a nanobizmuth elecrode was stiudied The several pammeters inflencing to the peak cument such as
deposition time, amplitede, frequency and step potential were optimized. In addition, the optimal conditions for the
electiode preparation were alzo investigaked The optimum conditions for determining of (hese metals were =14 ¥ for
deposition polential with 240 5 and 25 mV, 25 Hz and 4 mV for amplitude, frequency and poleniial step, respeciively
Under the optimal conditions, the peak cwrents depended linsarly on the concentration of Znd 1), CA(I1) and PH{IL) in
range of 28-56 po L7 | 14-30 pg L' and 12-36 pg L with comelation coefficient () of 09968, 0.9980 and 0.9970 for
I, CAHIT) and PWIT), resgpectively. The limit of detections (LOD) based on 35N rmatio were 467 pg L™ for Zn{Il),
300 pe L for CID) and 353 el for PHI). Additionally, reproducibility, which was idicated from the relative
standard deviations (%RSD, was §.4% (n=20), 78% (=13 and §5% (n=15) for Zn{IT), CH 1T and PRI, respectively.
Moreover, the conditions were applied to determine ZnIT), Cd{IT) and PW{II) in antificial samples. It gave the satisfactory
resuls consequently these studies imply et elkciochenical method wing the nmobizmuth elaiode may be
alematively candidate to analyze these metals inreal samples.
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1. Introd netion

Fresently, the human activity leads to increasing levels of hemvy metal contamimation in the envimonment
such a8 waste from communities or industries (metal plating, metal suface treatment, wood processing and
petmleum refining). Heavy metals are the main sources of pollution i the enyimmment because the heavy
metals have a significant e¢ffect on its ecological quality. Cadmium, lead, zing, imon, copper md munganese
were recognized as trace metals whose high levels in the environment represent a reliable index of
environmental pollution {Thzen, 2003; Bargkcat, 2011), Uptaking these metals cmses health problems (Dugo,
2004). In addition, zing is an active component of some important eneyme and it is widely distributed in
animal tssues {Engelking, 2015y, However, if the body uptake mmy zine can be cause of nausea, abdominal
cramping, vomiting and dismhea with or without bleeding (S andstead, 20050, Then, analysis of these metals in
enviromment is important to specify the impairment of surmunding.

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 cadmivm, lead and zine, Most of the methods
used for determination of heavy metals such s spectroscopy: X-Ray fluoreseence spectrometry (Sastre, 2002;
Focol, 2004, Name atomic absorplion spectrophotometry (FAAS) (Duman, 2007 Feist, 2008), gaphite
furnace atomic absomplion spectrophotometry {AAS) (Malmouwd, 2000; Zhao, 2015), inductively coupled
plasma atomic emission spedmophotometry (ICP-AES) (Jia, 201 1; Duane, 1996), inductively coupled plasma
mass spectophotometry (TCP-MS LI 2005, Chin, 20130, In addition, one of popular methods for analysis of
hewvy metals is electmchemistry for instant, potentiometry {Aragay, 2002; Dugno, 2006; Zolotov, 1987, pulse
paolarography (Maller, 2000; El-Hasani, 1999, chronoamperometry (Oztekina, 201 1) and particularly anodic
sinpping vollammetry (ASY) (Pienny, 2003 Saturna, 200 1: Xiao, 2004 Yang, 2004, Cuyang, 200 1). The
ASV is an interesting technique in electochemisiry becase of giving the highest semsitivity (107" M)
compared to athers {Wang, 20000, The deposition step in this technique plays an impaortant mole to accumul ae
the detected analytes in low concentration. Additionally, this has several advantages such as simultaneous
analysis, simplicity and economical measurement (Legeai, 20060, Hesides, it was found that the measunng
conditions have an effect on the detected signals, These influence the sensitivity of the technigue

Consequently, 1o improve the signals from this technique, the optimal conditions of ASY technique using a
nancbismuth electrode for detenmimation of ZoflL, Tl and PHIT were studied inthis work,  Additionally,
to investigate the technique feasibility in application for real samples, the analvtical perfonmance such as
lingar range, comelation coefficient (), limit of detection (LODY and reproducibility {%oRSIY) were also
achieved,

2. Methodology
2. Materials and apparatus

Solutions of 1000 mg.L™" cadmium, lead {Ajax Finechem) and zine (Lobachemic) were used as standard
stock solutions. These solutions were standard grade. Acetic acid (QREC) and sodium acetate | Ajax
Finechem) were wsed for preparation of 0.1 mal. | " acetate buffer (pH 4,51, Mafion solution (Sigma-aldrich)
and ethanol (999%) (QR2C) were used to prepare the nanobismuth elecirode. The chemicals were of
analytical reagent grade and uvsed withowt further punfication, High-quality deionized water used for
preparation of all aqueous solutions was obtained by passing distilled water through a Milli-C} Plus System
(Millipore).

Squares-wave anodic stripping voltammetry was performed with a PGSTAT-204 Potentiostate (Metrolm),
The electrochemical cell assembly consisted of the nanobismuth working electrode, an Ag/AgC] refaence
electrode (model AG 9101 Herisan; Metrohm ) and a platinum wire counter electmode,

2
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2.2, Swthesis of nanohizmuth particles

The nmobismuth electrode was prepared using bismuth nanoparticles coated on glassy rbon {supporting
material). The nanoparticles were synthesized followed Li, er al., 20009, Deseribe briefly, bismuth solution:
485 g of bismuth nitrate was dissolved in 50 mL ethvlene glveol (EG) and polyvinyl pyrrolidone (PVE)
solution; 10 g of PYP was dissolved m S0ml BG, Then, the bismuth and PV solutions were simultancously
dropped into thiee neck flask containing 100 mL EG. After that the mixed solution was reflused at 175°C for
150 min, The blacked powder of nanobismuth particles as the product was occurred. After finished the
reaction, the nanoparticles were washed with ethanol for several times. Then, these weare centrifuged at 6000
i Gor & min, and doed with nitogen gas. The blacked panticles were kepl under nitrogen gas condition
umti | used,

2.3, Working electrode preparat ion

The solution of bismuth nanoparticles was prepared by dispersion of the nanopanicles {Section 2.2) with
ethanal, The bismuth solution was dropped onto a bare glassy carbon electrode, After drying, 5 pl. of nafion
solution {1 %6 diluted in ethanol) was dropped onto the glassy carbon electrode, which was coated with the
bismuth solution, Then, the electmde was dried once more, Finally, the nanobismuth electrode was ready io
use for metals analy sis,

24 ASY Procedure

The modic stnpping voltmmmetne meas urement was performed in a electrochemical cell containing 25 mL
of pH 4.5 acetate buffer, 50 Hg,l." of (Il Cdily and PWID, The deposition step was carried oot at -1.4 ¥
fior 240 = wunder stirnng condition and after that 10 2 equilibmtion step was performed. The stripping step was
achieved by scanning the potential from =14 to 4.2V with optimal pammeters of amplitade, frequency and
step potential. The cleaning step was donge at -0.2 WV for 30 s 1o remove the mesidual metals under stiming
condition. All experiments were camied oul al rooim lemperalure.

2.5 Artificial samples

Stock solution of artificial sample (100 mg. L") was prepared form 1000 mg L™ Zof11), Cd{Il} and Ph{Il}.
For mixed afificial samples, required concentrations of the artificial spmples were prepared by dilution of the
stock solution with acetate buffer (pH 4.5),
3. Results and discussion
3. Optimization

2T The nanobismiuth dectrode

For prepargtion of the electrode, the optimum conditions such as coating the electrode with/without nafion
and solution concentration of the bismuih nanoparticles were studied. For coating with/without nafion, it was
observed that the current signals of detected metals for coating with nafion showed higher than tha for
coating without nafion (Fig. 1{a). Nafion is a polymer containing with sulfonate group, The sulfonate group

has negative charge. Then, the nanobismuth electrade, which is coated with nafion, acls 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 in water, so nafion can protect and help adbesion of nanobismuth particles
onto the supporting material (GC dedmde) during experimental, (Kokkino, 2001; Kefala, 2004, Xu, 2008)
Additionally, when the signals of BiNPsE and Mafion-BiMNPsE were compared, it found that the peak
potentials of three metals on Mafon-BiNPsE were also slightly shifled (o 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 electmde 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 prepamtion because of giving suitable signal current for all detected metals (Fig 1(b))
ineluding appropriste signal shapes.

(a) (b)
. S 400 .
[' A P - BN E it
N - * .
. 4 VoA = H L]
b Zn ': ..' ': E T 5k o L : [ =7n
N, el b _,.-"‘ ah = ; o
[ A [ & P'h
\J—/\ i L% ||':| 'y
I'v“\_// ! 5 . R H
(i1} T T - - v
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Pedunitsl v AgiAg (V) Concentration of bismuth namoparticles (gL'}

Fig 1 {a) Sirpping volismmograms for determinastion of 50 ug L' ZndIT), CA(IT) and Phill) using 2) the nancbismush elacrode costed
wigh nafion (Mafion-BiN PsE ) and b ) the nanohamah edectrode (BaiNPsE) and (b) Effect of bumugh nanopasticles concentrations an the
pesic commits of 50 pg L™ ZndIT), CA(TT) and Ph{IT)

312 Parameters for ASV method

For electrochemical method especially ASY, it was found that mamy 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, 199, Lu, 1999, Maleki, 2007; Giacomino,
2008, Jorge, 20000, So, influence of these parameters, which have affected on the detecied signals pan icularly
ZndIl), Ca(l) and PWIT), has been studied.

The deposition time playvs m mmporant role on shape and inlensity of the signals. Usually, at low
concentrations of miteresting species, longer deposition time can be applied. However, at ligh concentrations,
avoidance of electrode spturation should be concemed. The short deposition time could be selected (Dai,
2004, Tama, 2008). In this work, the effect of the deposition time on the peak currents of Zof1l), Cd(Il) and
Phill} was studied in the range of 15-300 5. The results showed that more increase deposition time provided,
the higher the current was oblained as shown in Fig. 2(a)). However, at 200 £ deposition time, the pesk shape
of Cd(11) was not symmetric thus a deposition period of 240 s was selected for further investigations,

The amplitude is parameter that influences to the peak cument. The amplitude {AE,) affects on the peak
shaped. {Herme, n.d) The amplitude was studied in the range of 15-50 mV. The daeded curments for all
metals increased when amplitude enhanced up to 25 mY. For more potentials {40-50 mV), the peak currents
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of CA(Il) and Ph{ll}) decreased as shown in Fig, 2(b)). So, amplitude of 25 mV was selected as the optimum
value.

The frequency has induced to the sample throughpat, 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,
Ridee, nd.; Chrstie, 1977). Vanation of frequency showed an appreciable increase of the peak current with
increasing frequency in the range of 15-40 Hz, When the frequency was higher than 40 Hz, the peak of Phill)
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 currents of interesting metals were studied in the range of 1-10mV.
When the step polentials were increased, the peak currents enlarged up to 4 mV. AL step polential above 4
mV, decreasing of the peak cuments 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 signals: a) Depaattion ame, b) Amplaude, o) Fraquency and d) Step potestial
2.2, Analvtical performance

The features of analysis such as linearity mnge, correlation coefficients ('), the relative standand deviation
(%R S0 and limit of detection {LODY) were investigated. Under the experimental conditions selected on the
optimization studies, ASY expeiments using the nancbismuth electrode were performed. It was observed that
the pesk cuments of the analytes increased with increasing their concentrations, The working ranges of 28-56
pel, 14-30 pelt and 12-36 pg L' for Zoill), CA(IT) and PHIITY, respectively were observed. Additional,
The linear equations of these metals with comelation coefficients i) were illustrated in Table 1. Besides, the
relative standard dev iations (%R.SD) were 8.4% (i=20) for 40 pg. L' Zndll), 7.8% (n=13) for 20 pe.L" CA{l)
and 86% (n=15) for 20 pe L' PH{IT} as shown in Table 1. The limit of detection (LOD; 35/M ratio) were 4,67

5
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pel?, 300 pel” and 353 pel! for Zogll), Cdill) and PHID) with the deposition time of 240 s,
respectively.  An example of the ASY signals of Zn{ll), CA{ll) and PHII} was measured by the proposed

method as shown in Fig, 3,

Tatle 1. The working range, cormelation coefficient (') and Imear squation of Zn(lT), CA{TT) and Pa(IT)

Maeal Working rangs i) Equation LOD Preciaion
g L'y gl (SRED ) *

Zn 2856 [T v =005 - 11118 467 B A(n=20)
cd 1430 09980 ¥ = 00302 - 20 300 TE(m=13)
Ph 12-36 09970 v = (0367 - 0 1922 353 861 5)

*Conceniration of 40 ug L™ for Zn and 20 ug L for Cdand Po

-1} L ALE RixY 4
Puotenitinl vs Ap' Ao Ul (V)

Fig 3 The valemmograms of vaniow concesgrations of Za(ll), CA{IT) and Phill: a) 36 pgL"' Zalll) 18 pg L CAIT) and 18 pg L'
Foill), by 42 pg L' Enll), 22 g L' CAT and 24 pg L7 Ph{TT); o) 48 pg L' ZndlT), 26 pg L' CafTyand 30 pg L' Ph(IT), ) 54 pg 1

Zo{ll), 30 pg L' Cllyand 36 pg L' PG

3.3, Application fo the ariificial samples

The proposed method that was applied for determination of Za{1l), CHI1) and PRI in artificial samples
using ASY with the nmobismuth electrode was investigated in this work, By applying the optimum
conditions described above, the results of these determinations compared to labeled values in artificial

samples, There revealed good agreement between labeled and detected values as shown in Table 2,
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Tatde 2 Resalts for desesmimation of Zn(11), CAilT) and PRI in amificid samples by ASV on the nanobismush elegrode

Ariificial sample Heavy meial Concenmation of heavy medal (ug L")
Labeled value Dteeted value
Sample 1 £n 280 28330 57
Cd 120 12 01 A7
Ph 12.0 12 44 46
Sample 2 An 350 3564022
d 1404 14 14092
Ph 240 24 940 47
Sample 3 Zn El] a4 4]
Cd 1% 0 18 G40 33
Ph 240 45 44 39

4., Conclusions

The suggested ASY under these optimal conditions could he pleased for evalustion of tmee heavy metals:
Zodll), CAITy and Phill). The abtained results showed that the optimum conditions of stnipping voltammetnc
parmmeters enhanced the responses o increase the sensitivity m a significant way, although synthesis of the
bismuth nanoparticles seemed to be complicated. In addition, it effectively showed that this was a selective
method with good reproducibility and good accumey For the artificial smmple. Furthermaore, efforts are aimed
at developing this method for analysis of these metals in real samples such as wastewaters and natural waters
ete.
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