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Abstract :

The electrochemical analysis of silver ion was performed using cyclic voltammetry

(CV) and square-wave (SW) stripping voltammetry, and electrode cell systems were fabricated with
graphite pencil electrode (GE) of working, reference and counter electrodes. Also electrolyte was the

use of sea water as electrolyte solutions instead of ionic controlled solutions. The optimum
analytical conditions for the cyclic and stripping parameters were determined using GE. The results

approached the microgram working ranges of SW(ug/L) and CV(ug/L) Ag, and the optimum

conditions were applied to frog’s tissue and the food samples.
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1. Introduction

Inexpensive  electrochemical  voltammetric
methods of detecting silver ion of Ag() have
been developed. Usually Ag/AgCl electrodes
and a platinum wire electrode are used as
reference and auxiliary electrodes, respectively.

In this study, three graphite pencils were
used as working, reference, and counter
electrodes. The Ag/AgCl electrode and a
platinum wire electrode are expensive, but
graphite pencil is cheap and can be easily
obtained. Renewable graphite pencil writing
devices have been available for many years
[1]. Graphite has been used as an electrode
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system, is renewable and has the lowest cost,
and can effectively detect materials. Examples
are the inexpensive and renewable pencil
electrode  used in field-based  stripping
voltammetry (), the GE electrode used for the
voltammetric—behavior and square—wave
voltammetric determination of trepibutone [2],
and the pencil-lead bismuth—film electrodes
for the determination of trace metals via
anodic stripping voltammetry [3], moreover,
the base and acid solution is often used as an
electrolyte solution. This ionic solution is
expensive and can contaminate the water
controls. However sea water was used as
electrolyte solutions in this paper, as it is
cheap and good for the environment.

The toxicological-tolerance level of silver
compounds in man is rather low (about 0.05
mg = L chronically) [4]. Further, silver has
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many technical uses, such as in photography,
dentistry, and electronic compounds. It is also
increasingly being used in the field of medicine
and in cosmetics. Topical lidocaine in silver
sulfadiazine cream has been reported to be
capable of alleviating pain due to cancer or
treatment-related painful skin conditions [5].
Moreover silver—based epithelial carcinoma cell
lines silver [6] is highly effective in
cytoselective anticancer therapies and were
found in the brain tissues of the patient [7],
herein various diagnostic—detection methods
were  investigate  this
discontinuous—flow

purpose such as
analysis[8], flame
atomic—absorption  spectrometry  [9],  flow
injection analysis [10,11], ellipsometric XPS
analysis  [12,13], and electron spectroscopic
analysis [14].

Which spectrometrics are complicate and
electrochemical

expensive, however

voltammetric ~ methods  have also  been
developed in  several studies. such as
voltammetric detection of Ag and Hg, [15],
behavior of silver ions in a carbon paste
electrode [16], boron—doped diamond electrode
[17], and microparticles Voltammetry screening
method [18]. Also these methods involve
complicated and cheap preparation techniques
require. Thus simple GE techniques and
expensive sea water electrolyte were used in
this study, and the redox peak current was
attained at a low detection limit. It can be
applied to a frog’'s leg and to eundan, a
supplement that helps to in vivo diagnostic

assay.

2. Experimental Device and
Electrode Preparation

Electrochemical instruments were used with
the new Bioelectronics—1 system, which was
first constructed at the authors institute, the
new version is a computerized handheld
voltammetric sensor with a 2.4 V potential
range, a 2 mA current range, a 10-pico A
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measuring current, and a 5°4”1" instrument
size, and which uses a rechargeable battery or
external power and has a USB port interface
with a PC. The instrument is as big as a
typical cellular phone, and it can be used for
the bioassay and sensor techniques for
individual and laboratory applications, graphite
(DongA XQ, ceramic, 60 mm, 0.9 B) was
used as working and reference electrodes and

as an auxiliary electrode.

3. Results and Discussion

3.1 Cyclic voltammetry and electrode
comparison

First, sea water was used as electrolyte
solutions. Usually, the Ag/AgCl and platinum
wire electrodes served as the reference and
auxiliary  electrodes, respectively.  Graphite
pencil electrode was used in this solution,
however, on their behalf. The working and
counter electrode was also graphite. Fig. 1(A)
shows the CV result using the three GE
systems. No signal was obtained in the blank
seawater solution. Here, 10 to 90 mg/L Ag
was spiked. When 10 mg/L Ag was spiked, a
small peak current (8.724x107°A) was obtained
at 0.8 and -1.3 V, but when 20, 30, 40, 50,
60, 70, 80, and 90 mg/L. Ag were spiked,
then 13.76, 17.38, 20.65, 22.66, 23.27, 28.47,
31.11, and 44.46x107°A peak currents were
obtained, respectively.

These results show that the more Ag was
spiked, the higher the peak current was
obtained. Fig. 1(A) and (B) show the
voltammograms and the linear curves of the
oxidation and reduction currents. The two
curves above the x axis represent the reduction
results. The linear equation of the first curve
was y = 0.4335x+2.7586, and the precision
was R?=0.9766. The linear equation of the
second curve was y=0.1133x+4.5511, and the
precision was R?=0.6949. The others are the
oxidation results. The linear equation of the
third curve was y=0.5842x—-8.1822, and the
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solution consisting of GE (0-90 mg/L
added) in seawater, using the optimum

parameters.
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precision was R?=0.8687, the lineare quation
of the fourth curve was y=-1.2688x-11.522,
and the precision was R?=0.961, the slopes of
the third and fourth curves were sharper than
those of the first and second. This means that
oxidation is more sensitive than reduction. Fig.
1(C) shows the SW stripping voltammetry
result when the graphite electrode was used,
the peak current appeared at -0.8 and -1.3 V.
Moreover, 10 to 90 mg/L Ag were spiked,
and no signal was obtained in the blank sea
water solution. First, 10 mg/L. Ag was spiked,
and a—-24.16x107°A peak current was obtained.
When 20, 30, 40, 50, 60, 70, 80, and 90
mg/L Ag were spiked, then -32.09, -42.22,
-50.38, -28.03, -37.01, -47.12, —-55.15, and -
62.37x10°A peak currents were obtained, the
peak current declined until when 40 mg/L Ag
was spiked. It suddenly rose when 50 mg/L
Ag was spiked, but it decreased again,
continuously, until when 90 mg/L Ag was
spiked.

For the optimum conditions, the SW
parameters were determined using a graphite
electrode. Fig. 2(A) shows the SW amplitude
variations for eight points in the 90 mg/L Ag
spike. In this experiment, 10 ml seawater was
used as an electrolyte solution, when 0.05 V
amp was given, a -13.87x107 A peak current
was obtained. After that, 0.1, 0.15, 0.2, 0.25,
0.3, 0.35, and 0.4 V amp were given, and -
202.1, =262, -293.9, -319.7, —-310.1, —295.2,
and —274.5x107°A peak currents were obtained.
As the maximum current was obtained at 0.25
V, it was chosen as an optimum condition.

Fig. 2(B) shows the SW increment potential
variations for eight points in the 90 mg/L
spike, when a 0.005 V increment was given, a
—-102.3x10-5A peak current was obtained.
After that, 0.01, 0.015, 0.02, 0.025, 0.03,
0.035, and 0.04 V increments were given, and
-105.1, -105.1, -103.6, -101.7, -111.4,
-112.2, and -109.2x107°A peak currents were
obtained. As the maximum current was
obtained at the 0.035 V increment, 0.035 V
was chosen as an optimum condition, besides
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the optimum condition of the amplitude and
the increment, the other parameters of SW
frequency,  initial  potential, and  time
accumulation were examined, final results were
10 Hz,-1.5 V, and 250 s, respectively (not
shown here). Under these conditions, the

analytical working ranges were examined.
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Fig. 2. (A): SW amplitude variations from
0.05 to 0.35 V. (B): SW increment
potentials from the 0.01 to 0.04 V
variations.

3.2. Working Ranges, Statistics, and
Application
Under the optimum conditions, the analytical
working ranges were examined using a
graphite electrode. Fig. 3(A) shows the CV
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results of the microgram variation from100 to
800ug/L Ag. When 100ug/L Ag was spiked,
no signal was obtained, but when 200 ug/L
Ag was spiked, the oxidation of the
40.64x107 A peak current was attained. When
300, 400, 500, 600, 700, and 800 ug/L Ag
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Fig. 3. (A): CV variations for the 100, 200,
300, 400, 500, 600, 700, and 800
ug/lL.  Ag spikes in the seawater

solution, under the optimum

conditions. (B): SW anodic variations

for the 100, 200, 300, 400, 500, 600,

700, and 800 ug/L Ag spikes in the

seawater solution, under the optimum

conditions. (C): SW anodic variations

for the 10, 20, 30, 40, 50, 60, 70,

and 80

seawater solution.

ug/L  Ag spikes in the
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were spiked, the 42. 91, 72.84, 100.7, 133.5,
174.2, and 190.9x107° A peak currents were
obtained. The width of the Ag peak narrowed
at 0.6 V, with a slope
y=0.3232x-56.79 and a  precision  of
R?=0.9943. Moreover, —0.357, -8.317, —12.98,
-16.43, -20.41, -34.97, and -49.84x107°A
peak—current  reductions  were  obtained,
individually, when 200, 300, 400, 500, 600,
700, and 800 ug/L Ag were spiked, the linear
equation was -0.0607x+11.747, and the
precision was R?=0.8926. Fig. 3(B) shows the
SW  stripping result of the
microgram variation from 100 ug/L to 800
ug/L. When 100 ug/L Ag was spiked, a
2.47x107°A peak current was obtained. When
200, 300, 400, 500, 600, 700, and 800 ug/L
Ag were spiked, 7.994, 14.57, 26.31, 42.47,
55.08, 80.32, and 117.2x107°A peak currents
obtained. Fig. 3(C) shows the SW
stripping voltammetry results invarious lower
concentrations. All in all, 10— to 80-ug/L Ag
were spiked. When 10ug/L Ag was spiked, no

sensitivity — of

voltammetry

wWere

signal was obtained, but when 20-ug/L Ag
was spiked, a 0.1191x107°A  signal was
obtained. After that, 30—, 40—, 50—, 60—, 70—,
and 80ug/L. Ag were spiked, and 0.3576,
0.8867, 1.286, 1.831, 2.147, and 2.438x10°A
peak currents were obtained.

3.3. In—Vivo Application on Frog’s
Tissue

When the analytical working ranges were
obtained, under optimum conditions,
applications were performed in frog’s tissue. A
frog was exposed to chloroform and 0.5 ml
Ag standard (1000 mg/L Ag) was injected into
the frog’s hind leg. After 30 min, 1 gram of
the frog’s hind leg tissue was cut and put in 2
ml nitrate to dissolve the tissue. It was then
diluted with a 100 mL water solution. Fig.
4(A) shows the examined Ag ion in nitrate
tissue solution, where the frog's tissue was
dissolved via SW stripping voltammetry. In the
blank solution, no peak current appeared, but

in the 1 mL sample spike, a 4.86x107°A peak
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Fig. 4. (A): The SW stripping voltammetry

result of the application to frog's
tissue using GE under the optimum
The SW  stripping
voltammetry result of the application
to Eundan wusing GE under the
optimum conditions.

conditions. (B):

current was obtained. Then 2, 4, and 6mg/L
Ag standards were spiked, and 31.37, 54.62,
and 89.47x107°A peak currents were obtained.
Here, the same peak potential can be shown,
whose techniques can be used for in vivo and
in vitro diagnostic application. Further, more
advanced applications performed in
Eundan, a supplement often used in South
Korea and coated with silver metal powder

were

that helps smokers stop smoking. Fig. 4(B)
shows the Ag ion in FEundan that was
examined via SW stripping voltammetry. First,
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a Fundan was put in the mortar and ground,
after which it was weighed. It was found to
weigh 0.00125 g. It was then put in the 2 ml
nitrate. In the blank solution, there was no
signal, and the 0.1 mL samplen spike obtained
a 1.326x107°A peak current. When 3, 6, and
9 mg/L. Ag standards were spiked, 2.456,
4711, and 9.185x107°A peak currents were
obtained. It was thus that the
proposed technique can be used for food and

confirmed

in—vivo analysis.

4. Conclusion

Different concentrations of the Ag ion in
microgram were examined via SW stripping
voltammetry. The optimum conditions of 0.25
V amplitude, 10 Hz frequency, 0.035 V
increment potential, —1.5 V initial potential,
and 250 s accumulation time were obtained.
These optimum conditions were applied to
frog’s tissue and to food systems. After the
experiment, it was found that sea water could
yield good electrolytes.

# This study was (partially) supported by
Seoul National University of Science and
Technology.

References

1. AM. Bond; P.J. Mahon; and ]. Schiewe;
Victoria Vicente—Beckett, An
and renewable pencil electrode for use in
field—based stripping voltammetry. Anal,
Chim. Acta. 345, 67-74 (1997).

2. W. Gao, J. Song; and N. Wu;
Voltammetric behavior and

inexpensive

square—wave
voltammetric determination of trepibutone
at a pencil graphite electrode.
Electroanal. Chem. 576, 1-7 (2005).

3. D. Demetriades; A. Economou; and A.
Voulgaropoulos; A study of pencil-lead
bismuth—film electrodes for the

10.

11.

~ 144 -

. S. Iwasaki; A. Yoshimura;

J. of Korean Oil Chemists” Soc.

determination of trace metals by anodic
stripping voltammetry. Anal. Chim. Acta.
519, 167-172 (2004).

S. X. Guo; and S.B. Khoo; Highly
Selective and Sensitive Determination of
Silver() at a Poly(8—mercaptoquinoline)
Film Modi®ed Glassy Carbon Electrode.
Electroanal. 11(12), 891-898 (1999).
J.J.Meeuse; A.K.L.Reyners; and A.N.M.
Wymenga; Topical Lidocaine in
SilverSulfadiazine Cream on Painful,Cancer,
or Treatment—Related Skin Lesions. J Pain.
Symptom. Manag. 34(3), 223-225 (2007).

. B. Thati, A. Noble; B.S. Creaven; M.

Walsh; M. McCann; K. Kavanagh; M.
and D.A.Egan; In
anti—tumour and cyto—selective effects of

Devereux; vitro
coumarin—3-carboxylic acid and three of
its hydroxylated derivatives, along with
their silver—based complexes, using human
epithelial carcinoma cell lines. Cancer. Lett.
248, 321-331 (2007).

T. Ideura; S.
M.sudo;  Elimination
study of silver in a hemodialyzed burn
patient treated with silver sulfadiazine
cream. Am. J. Kidney. Dis. 30(2), 298-290

(1997).

Koshikawa; and

A.J.Dole; T.J. Cardwell; R.W. Cattrall;
R.D.Giacomo;  C.G.  Rodrigues;  and
G.R.Scollary;  The Determination of Silver

in Photographic Emulsions by

Discontinuous Flow Analysis. Electroanal.
10, 21-25 (1998).
J.8Sramkova:  S.
Jakoubkové;
determination of silver by flame atomic
absorption

Kotrly;s and P.
Precision attainable in the

spectrometry  Analysis  of
thermoelectric silver—doped tellurides. Anal.
Chim. Acta. 408, 183-190 (2000).

AT. Haj—Hussein; Indirect ultraviolet
determination of silver with nickelocyanide
ion by flow injection analysis. 7alanta. 42,
2053-2057 (1995).

H. Ibrahim;
modified with

electrode
for the

Carbon  paste

silver thimerosal



Vol. 30, No. 1 (2013)

12.

13.

14.

15.

potentiometric flow injection analysis of
silver(). Anal Chim. Acta. 545, 158-165

(2005).

E. Masetti; J.Bulir; S. Gagliardia; V.
Janicki; A. Krasilnikova; G.D. Santo; and
C. Coluzza; Ellipsometric and XPS analysis
of the interface between silver and SiO2,
TiO2 and SiNx thin films. 7hin. Solid.
Films. 468-472 . (2004).

S. Bera; P. Gangopadhyay; K.G.M. Nair;
B.K. Panigrahib; and S.V. Narasimhan;
Electron spectroscopic analysis of
nanoparticles in a soda—glass matrix. J
Electron Spectrosc. 152, 91-95 (2006).

H. Itabashi; M. Takahata; H. Kawamoto;
and H. Akaiwa; Catalytic determination of
silver) by extractive flow injection
analysis. 7alanta. 45, 549-555 (1998).
M.F. SuaArez; A. Mills; R.G. Egdell; and
R.G. Compton; Anodic Stripping
Voltammetry with Photochemical
Preconcentration at Nanocrystalline TiO2
Films: Detection of Ag. and Hg2.
Electroanal 12, 413-419 (2000).

silver

Voltammetric Assay of Silver lons in Frog's Tissue 7

16.

17.

18.

- 145 -

K.H. Lubert; L.Beyer; ]. Casabo; and C.
Pe “rez—Jime ~nez; Voltammetric Behavior
of Silver Ions at a Carbon Paste Electrode

in the Presence of 2,5,8-Trithia[9]-m—
cyclophane.  Electroanal. 10, 860-862
(1998).

A.]. Saterlay; F. Marken; J.S. Foord; and
R.G. Compton;
investigation of silver analysis at a highly
Talanta.

Sonoelectrochemical

boron—doped diamond electrode.
53, 403-415 (2000).

G. Cepria; O. Abadias. J;
Arantegui, and J.R. Castillo; Electrochmical
Behavoir  of Alloys  in

Perez—

silver—copper
Voltammetry of Microparticles: A simple
Method for screening purposes. FElectroanal.
13(6), 477-483 (2001).



