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Evaluation of Field Application and Optimum Operational Condition for Heavy
Metals Analysis Using Environment-Friendly Bismuth Film Electrode
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Abstract : This study was conducted to establish the optimal electrolyte and bismuth concentrations using bismuth film electrode
in laboratory and to confirm the possibilities of using this operational condition for heavy metals monitoring in field. In lab test,
heavy metal measurement was not accurate more than 600 ppb when heavy metal (Pb, Cd, Zn) range 100~1,000 ppb was measured
with bismuth 2,000 ppb. So, bismuth and heavy metal was reacted about 1:1 with ASV method. In electrolyte test, 0.1 M acetate
buffer (pH 4.5), 0.1 M chloroacetate buffer (pH 2.0), 0.1 M HCI (pH 2.0), 0.1 M HNOs (pH 2.0) was tested. As a results, 0.1 M
acetate buffer was most suitable in ASV measurement with bismuth film electrode. In field application, Pb, Cd and Zn was mea-
sured respectively 36~45 ppb, 84~91 ppb, 90~98 ppb when heavy metal (Pb, Cd, Zn) 100 ppb was spiked in field sample. These
results were identified of matrix effect in field sample, So relationship between heavy metal measurement and matrix effects will
be studied.
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Table 1, Parameters of ASV (Anodic Stripping Voltammetry) with
bismuth film electrode
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precondition potential (V) 03
precondition sec (Sec) 30
deposition potential (V) -14
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quiet potential (V) -14
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Final potential (V) 02
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Amplitude (V) 0.025
scan rate (Hz) 301
sensitivity (A/V) 1*e-5
A= 458 Aot AR T35 5%0] 7Hegt Inssitu
o st B AFA AR Atz mR
4 27& Table 10 Uehfgich. 24 27e A4 23
o) AFATE vigoR B Blase® Hgato] WYt
k.
Precondition@ A= H|AREAZF S2AE = 0.2 V)E
o =2 AYE FAbsto] Aawde 22 olEdS Akst

ol A5} ) Deposition TA= &

1} Bhe FEET MARAS AR F2A717] 99
A RPsl= THAR -1.4 VoA 3602 3}t Stripping
A 9] potential-> -1.4 VoA 0.2 V71X 30.1 Hz £=2 F
ARt ZZ( Amplitude)= 0.025 V, F=7](Increment)= 0.005
Ve dgsisch

Ir
2

24 HARA ZQ| = A

B AT AL HARAY A FUSEE 4] 9
A B AT 2,000 ppbisEo] A, EEE TP, Cd, Zn)
22} 100~1,000 ppb 919 F=S 3
AR BEel ZAFIA S FRE BT HES

HH o] wjags 29 g At

ol-mr
o

2.5. Z|H9| X|X| M= A+

2 AT s BlATL o] &Rt s BAAl HA A
S AHstr] Qs A7Isteta] S =2 AL
== AHaf@¢l 0.1 M acetate buffer (pH 4.5), 0.1 M chlo-
roacetate buffer (pH 2.0), 0.1 M HCI (pH 2.0), 0.1 M HNO;
(pH 2.0)5 AH&-3h9Ic).”

Pb, Cd, Zn 554 EF8(Pb 20 ppb, Cd, 20 ppb, Zn
ppb)= = HI2EStA] HAsjdof gt 552 W
Felstgon, Znk WSEsL Wop o Fasuc
ol BER gAES WY

41 e &

chererd 2etsix| | M332 x25] 20114 28 |



140

KRS T 36 Hh e

ot - B2 - T

N

)
o
o
2
I}

rl
o
x
oo |
>
ot
o
>,

[>

@,
10
)
2

(ol

N
=
.o
2,
filo
ol
e
rir
olﬂ r‘r
>
=2
o et
oX
2
_>|: _[I)ll
o
oz
ol
S
Ir
2
=l

o
N
{0 fo
& 1o
(RN
o
o
8
fer
g 1o fo
(e o et
=)

£

THmatrix effect)S 221

2 o
(el

oX
e

> AN
9
o =
= o
5 o
of
i)
hu
ol &

>

lo ol

[y
o

b
QL

e
Rt
o
re
-
i)
o=
>
o

f
1o
o

o 2
v DN 22 N[ o 12 oo

ooy |m o ow2
S 5o

N
N
o
=l
)
Q‘L
e
ol
I
1B
=]
AN
op
2
g
s
®
&
N
B

ox N

(]

oy
> g
:O.L
i)
2
o
>,
ot
s
[e]
%
x
ne.
2

[N AR e A 1 e [
g e
(on
il
o
N
_?L
2
2
o
_?L
2
o
e 2
-
BN
)
Mo
=
[>
o

2 by

AL o
Dol
opp
ok
2
lo

AN o
N
N
fr
>
()
lo
U

D op
R}

rt, Mo
_>ri
4>
2
ol
!y
B
B

H
[m
>

ol 1@
filo
o
N
N
ol
ol
2
)

u

= o 2

ol

oy

dr b
©

2|

o

ol it

i
J;i>

= o
Ml BEAT AHA] FUBHE HlARA FEE S
AatuAshs F349 S4ael 9% Eoh) Exsind
Mol i ZAsuA She FE4 F=9 100 o)y ula
P FYste] ot InsitedHA A HAaRA F
A FEE SHILA S FEE TR F o o4
Fshor ek

Ao A B 2,000 ppbed W, EF-TH4(Pb, Zn,
Cd)yS 100~1,000 ppb =W S 243+ A7} Fig. 30 1}
Bt AW, SHBE 600 ppbirh B BN 34 F
T4 mE o o4} 24 Alsgho] 27kkA okok ZH kol

=
oS et S HIARA el 24 Faae

M ro

|
o] =7} 600 ppb R T} &2 FroAE AT T
" FEE0] o ol FFEA Edtol 54 Azl
SHA 3k Ao whebEnt. whehA], wARAs F9]
2,000 ppbollAl Z8E< F%7F 600 ppb o]/FoA 9%
o] ZAHHoz Tty FEHER A H oF 3:10]0,

140

120 4
el R <2 Q
100 4
< _
S 80 A I S
= > o
= -
® o Y
- 60 4 K ~
= - P
(3} x
o ,//
40 4 -
2 —e— Pb
/ // G- Cd
20 4 s —¥— Zn
& A
-
0 ==Y T T T T T
0 200 400 600 800 1000

Conc of Heavy metals(ppb)
Fig. 3. Saturation curve of heavy metals at bismuth concentra-
tion of 2,000 ppb,

3 240 525 38 o B ), 3
1,800 ppbol B2 ZQlE H]ARLA 1
otk wheba H ATolA uleke] Pb, Cd, Zn FA ZAA
HARA HA Qe ERRA

=
=
zgstugsts Fs 429 SES

pu =

1 ugR Fstec

AR EL A7|SFstol A Ak 43t Al
Ql AT 24 gste] ARgsin? 24
Ag}sto A= A7}

A o]l AH= fFAsFL
=0l 9 gt webA 22 xR HsAE e
T Tas SEA e 8% A F shelth
2 A= HARA IAF ASS o]§3te] Pb, Cd,
Zn BAA HF o] A HHAS AEE] 15 0.1 M ace-
tate buffer (pH 4.5), 0.1 M chloroacetate buffer (pH 2.0), 0.1
M HCI (pH 2.0), 0.1 M HNO; (pH 2.0)E HAE3}c}.
HAE A7} Table 20 YeEpH A H 0.1 M chloroacetate
buffer (pH 2.0) A& =4 Z<Qto] Pb -540 mV, Cd -730
mV, Zn -975 mVg o, A& AFLE= Pb 6.67 uA, Cd 6.71
uA, Zn 4.26 uA%tl 0.1 M acetate buffer (pH 4.5) A3} 2>
=4 Z<%o] Pb -555 mV, Cd -795 mV, Zn -1,130 mV S
o, A% AF+= Pb 21.71 uA, Cd 35.36 uA, Zn 35.09 uA
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mV, Cd -780 mV& o, A& AF= Pb 13.80 uA, Cd 5.54
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1o, °
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X O HE
18N 2 of oX
Mo H > 18

10 gy 4

Table 2, Comparison of measurement of Pb, Cd and Zn with kinds of electrolyte

Potential(mV) Current(uA)
Electrolyte
Pb (20 ppb) Cd (20 ppb) Zn (40 ppb) Pb (20 ppb) Cd (20 ppb) Zn (40 ppb)
0.1 M chloroacetate buffer -540 -730 -975 6.668 6.713 4257
0.1 M acetate buffer -555 -795 -1130 21,71 35.36 35.09
0.1 MHCI -530 -780 - 138 5537 -
0.1 MHNO;3 -510 -725 - 6.493 1214 -
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Ad(dition value 100 100 100
ICP analysis value 46 93 108

140 4
—+— FPb

120 1 -¥-
100

¥y Ty ¥ »*
""3'5'5'5" Q Q !Vug v
;g:;}'g;ovoo &P080,0 0% 000 80" MLLH QTC0LOTO

[ols/e]

=]
o
L

60 4

1010t agte," 000 a0 ete g O e T e

20 4

Concentration(ppb)

Time(Hr)
Fig. 4. Monitoring data of standard heavy metals in Han-River
stream,

H
o
o)
o
-
=
i)
2 r
lo
o2
o

ot ok
-0,

P

-

N

=}

Jy

o

>

0

ol

H

N

=}

fr

g 10
= gx

N
1o Hr
r—r" :% ol
e rlo

N
N
AT g
rlo
c
2
-
2

lo
:1|j:1

DRI
X
o
il

ol
e
e

sl

=}

ol 2 oE
ol
ok

b
o

1‘
ox ofN N ok
=2
[
o ciy oy Il
24 ol
oo b
mlo J1N4
N
>,
2
i)
fo

ot
s
1

)
:Oé
>
>
)
ol
S5
Ir
jus)
—
N
)

b gk

wheb 2% Aol AL R4 3
A 9 AR o] P A7} aE olof
gy,

e
oX
&
ﬂlf,’{." 2
PO
o
i 1o
ok
o

IS
M
[

e
ox
>
s
[>
41 o
[> 1
1o
B
2
N He
i)
off
1
b=}
ﬁ:
N
R

ofN KN
EY)

o
glo ©

3 2 of i
o o o iy o
=T (TR S

T

— AX
= 600 ppb o]l ARE EHzHe]
wo} wARA HH 29 FEL 5%
&= n & u), A5t sk
a1 o)A Fgalok gk

2) 0.1 M HNO; (pH 2.0)2} 0.1 M HCI (pH 2.0) 342
g A Zng 240l HlA ggton, Poel 4E AL 4

et AL Ao
) S5 sEote v
(Pb, Cd, Zn)©]

1 olx

ChaHEA B8R | M3323 &25] 20114 22 |



142

KR T @
Usel - ¥22 - B

ZF 6.49 uA9} 13.80 uA oM, Cdo HEAFE= 247 124
uA9} 5.54 uA% Tl 0.1 M chloroacetate buffer (pH 2.0) 713}
2ol HEHF+= Pb 6.67 uA, Cd 6.71 uA, Zn 4.26 uA3 S
o, 0.1 M acetate A2 e] AEAFE Pb 21.71 uA, Cd
35.36 uA, Zn 35.09 uA%ith $224 HE7F 28 0.1 M HNO;
(pH 2.0), 0.1 M HCI (pH 2.0) Z18]3L 0.1 M chloroacetate
buffer (pH 2.0) A Lol A 5271 Ao ot ko] AT
FHE| 7AYoz s F4 415G kol= 9 H=

FE Ful, 59 ofele] A%, fpaolekre] 2 9

. 2 Wg AFL o) g3tol Ph,
Cd, Zn &4 A 229 AA] H3E-2 0.1 M acetate buffer
(pH 4.5)0]t}.

3) A% HAE Al a4 EE-89 100 ppb F7F HIAE
A1} Pb-2 36~45 ppb, Cd+= 84~91 ppb, Zn-2 90~98 ppb7}
Ao ek WHat vl 24 Adt Pb 46
ppb, Cd+= 93 ppb, Zn2 108 ppb= FUT FF= e
Atk olE F3l A7|sehAE o83t A W S5 &
UH® 7S 2elsksith

A5 s FEE0ic Mol o8 FFE 5

off wlsh ohel ole Gare =A Wik

A 9 ARl bt darE 5 1EE

o2
ro

s

L olBg, ‘gl AY AFHZ o83 &&= 59 vF+
2o} oble] ek AlSARITHSHE AAH=E(2002).
Joseph Wang, “Stripping Analysis at Bismuth Electrodes: A
review,” Electroanalysis, 17(15-16), 1341~1346(2005).
3. 3Z43F, “Anodic stripping voltammetry2 ©]-8-3F n]=F9]
F4 BAS HARA AFe] B A7, TSt

FAFSHS] 1=E1(2009).

N

1Z of

10.

11.

12.

13.

14.

15.

ol g, “AYAFHE o83 v A 4 A= A
77 A4 T 3 (2006).

Vlastimol, R., Ivan, H., Marian, V. and Fedor, M., “Bismuth
film electrodes for heavy metals determination,” Microsyst.
Technol., 14, 491~498(2008).

Chatzitheodorou, E., Economou, A. and Voulgaropoulos,
A., “Trace determination of chromium by squre wave ad-
sorptive stripping voltammetry on Bismuth film electrodes,”
Electroanalysis, 16(21), 1745~1754(2004).

Samo, B. H., Joseph Wang, Randhir, P. D. and Bozidar, O,
“Potentiometric stripping analysis at Bithmuth-Film Electrode,”
Electroanalysis, 14(02), 112~115(2002).

Brezonik, P. L., “Trace metal analysis by anodic stripping
voltammetry: effect of sorption by natural and model orga-
nic compounds,” Water Res., 10, 605~612(1975).

EPA Standard method 21s, 3130 metals by anodic stripping
voltammetry.

Economou, A., “Bismuth-film electrodes: recent develop-
ments and potentialities for elelctroanalysis,” Trends in
Analytical Chemistry, 24(4), 334~340(2005).

Joanna, P., Jerzy, G., Magdalena, K. and Analityczna, C.,
“Simultaneous voltammetric determination of Thallium and
cadminum in wastewater samples containing Cd, TI, and
Pb using a Bismuth Film elelctrode,” Chem. Anal., 54(109),
109~113(2009).

Sanmo, B. H., Bozidar, O., Joseph, W. and Boris, P., “A
study on operational parameters for advanced use of bismuth
film electode (BiFE) in Anodic Stripping Voltammetry (ASV),”
Electroanalysis, 14(24), 1707~1712(2002).

Ly, S. Y., Gwon, T. J. and Kang, S. L., “Trace metal analy-
sis of Square Wave Stripping Voltammetry at a Modified
Carbon Electrodes,” Seoul National University of Techno-
logy collected paper, 51, pp. 273~276(2000).

Leandro M. C., Paulo C. N. and Christiane J., “Simul-
taneous determination of Cadmium, Lead, Copper, and Thal-
lium in Highly Salime Sample by anodic stripping voltam-
metry using Mercury-film and Bismuth-film electrodes,”
Electroanalysis, 19(16), 1719~1726(2004).

Rasa, P. and Christopher, M. A. B., “Characterization and
application of Bismuth-Film Modifide Carbon Film Electro-
des,” Electroanalysis, 17(15-16), 1354~1359(2005).

I Journal of KSEE | Vol.33, No.2| February, 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


