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CHAPTER IV Q /
RESULTS AND DISCUSSION

This chapter focuses on the development of microsystems with
electrochemical detectors that are suitable for the detection of environmentally
important toxic metal ions. The optimized conditions are established for separating
cationic species. The separation of lead(ll), cadmium(1l) and copper(ll) ions in
aqueous solution is optimized using a coion to modify the electrophoretic mobilities
of the ions. Some significant examples are discussed in the following sections,
combining the versatility of microchips with the simplicity of electrochemical
detectors to automate, miniaturize, and simplify both analytical tools and processes to
solve analytical problems in an efficient and convenient fashion.

Since the detection response results from the degree of coupling of the CE
voltage to the oxidation potential of the sample plug and the running buffer passing
through the working electrode. The difference of conductivity between the sample
plug and the running buffer is an essential factor influencing the detection signal. It is
well known that carrier electrolytes with low-mobility coion are preferred for analysis
of small ions. 2-(iV-Morpholino)ethanesulfonic acid (MES) + histidine is a typical
carrier electrolyte with a low-mobility coion used for the separation of small ions. In
the following sections, the influence of some experimental parameters such as: the
buffer pH, concentration, separation voltage, and the detection potential were studied
in detail in order to examine their effects on the separation efficiency and detection
sensitivity.

4.1 Batch analysis cyclic voltammetry

Cyclic voltammetry was initially used as a means of examining the
electrochemical signal of a screen-printed carbon electrode for the analysis of three
metal ions (Pb2+, Cd2+and Cu2+), as well as dopamine and catecholamine. The results
obtained from the batch analysis system will be presented.



58
411 Background current

The cyclic voltammetric (I-E) responses for a solution containing 25 mM
MES and L-histidine at pE[ 7.0 (running buffer solution) is shown in Figure 4.1. The
results obtained offer the corresponding background voltammogram for the screen-
printed carbon working electrode as observed with a scanning range of ca. +1.0 to -
1.0V versus a Ag/AgCl reference electrode with a scan rate of 50 mv/s.
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Figure 4.1 Cyclic voltammogram of 25 mM MES and L-histidine (pH 7.0)

buffer at screen-printed carbon electrode. The scan rate was 50
mv/s.

412 The electrochemical characteristics of dopamine and catechol.

The cyclic voltammetry of dopamine and catechol were studied to find the
oxidation peaks that was obtained at the optimal potential. This potential was used as
the detection potential for microchip CE systems. The dopamine and catechol were
the standard analyte for test the microchip CE systems performance.
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4.1.2.1 The electrochemical signal of dopamine

The cyclic voltammograms of a solution containing 1 mM dopamine in
MES and L-histidine buffer solution together with the corresponding background
voltammogram at the screen-printed carbon electrode is shown in Figure 4.2 In the
presence of dopamine, a response was obtained at the anodic signal that was observed
on the positive scan in the region of ca. 0to + 0.5 V versus Ag/AgCl with scan rate 50
mV/ . The voltammetric oxidation peak of dopamine was obtained at a potential of
0.2V.
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Figure 42 Cyclic voltammogram of 1 mM dopamine in 25 mM MES and L-
histidine (pH 7.0) buffer at screen-printed carbon electrode. The
scan rate was 50 mVJs,
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4.1.2.2 The electrochemical signal of catechol

The studies of electrochemical response of catechol in MES and L-
histidine buffer solution at screen-printed carbon electrode was investigated. The
anodic signals over the potential range from 0.0 to +0.5 V with a scan rate 50 mV/ i

shown in Figure 4.3. A well defined oxidation peak (with an Ep = 0.25 'Y versus
Ag/AgCl) of catechol was observed.
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Figure 4.3 Cyclic voltammogram of 1 mM catechol in 25 mM MES and L-

histidine (pEl 7.0) buffer at screen-printed carbon electrode. The
scan rate was 50 mvis.
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413 The electrochemical characteristics of metal ions.

4.1.3.1 The electrochemical signal of lead

The study of electrochemical reduction of lead (Il) ions using a screen-printed
carbon electrode was performed using the MES buffer solution (pH 7.0). Figure 4.4
displays typical cyclic voltammograms of 1 mM lead in a buffer solution. The
corresponding background voltammograms are also shown. An approximate, but well
defined reduction (with an Ep =-0.73 V versus Ag/AgCl) was observed for lead (I} ion
starting at around -0.7 volt within the investigated potential range (-0.2 to -0.95 V),
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Figure 4.4 Cyclic voltammogram of 1 mM lead(ll) ion in 25 mM MES and

L-histidine (pH 7.0) buffer at screen-printed carbon electrode. The
scan rate was 50 mV/s.
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4.1.3.2 The electrochemical signal of cadmium

The study of electrochemical reduction of cadmium (I1) ions using a screen-
printed carbon electrode was performed using the MES buffer solution (pH 7.0)
within the potential range from -0.2 to -0.9 V. The cyclic voltammograms of
cadmium in buffer solution is shown in Figure 4.5. The corresponding background
voltammograms are also shown. A well defined reduction was observed at -0.84 V
versus Ag/AgCl for cadmium (I1) ion.
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Figure 45 Cyclic voltammogram of 1mM cadmium(l1) ion in 25 ffiM MES

and L-histidine (pH 7.0) buffer at the screen-printed carbon
electrode. The scan rate was 50 mV/s.
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4.1.3.3 The electrochemical signal of copper

The cyclic voltammograms of copper ions in the MES buffer solution (pH
7.0) using a screen-printed carbon electrode is shown in Figure 4.6. The
electrochemical reduction of copper (I1) ions was obtained within a potential range
from 0t0-0.95 V. The corresponding background voltammogram is also shown. A

well defined reduction potential of copper (I1) ions is observed at -0.62 V/ versus
Ag/AqCl.

-15 -

Current (nA)
=

1
W
1

—O— copper
i BGE

-
-
-

-
/’

-
-
-—‘—’

-
-
——_”
-

-0.2 -0.4 -0.6 -0.8 -1.0

Figure 4.6 Cyclic voltammogram of 1mM copper(ll) ion in 25 mM MES and

L-histidine (pH 7.0) buffer at screen-printed carbon electrode. The
scan rate was 50 mVJs,
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Table 4.1 Detection potential for analysis in 25 mM MES and L-histidine buffer
solution with screen-printed carbon electrode.

Analyte Potential (V)
Dopamine +0.20
Catechol +0.25
Lead (1) 0.73
Cadmium (I1) .84
Copper (1) -0.62

Table 41 was shown the detection potential for microchip CE with
amperometric detection of the analytes, dopamine, catechol, lead, cadmium, and
copper, in MES and L-histidine buffer solution.

4.14 Effect of scan rate on analytes voltammetric response

In order to verify that these oxidative reactions were diffusion controlled, a
study into the effects of scan rate on the electrochemical signal was undertaken. The
equation used for describing the relationship between the current signal and scan rate
for atotally irreversible reaction is shown below.

in(diffusion) = 2.9 X105) (an1Y 2AC0*DAvA2

The effect of the scan rate on the electrochemical behavior of metal ions,
dopaming, and catechol were investigated by varying the scan rate. The relationship
between the current responses and the square root of the scan rate were observed.
These results show the current response is directly proportional to the square root of
the scan rate. It can be concluded that the diffusion process controls the
transportation of these analytes.
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4.14.1 Effect of scan rate on dopamine voltammetric response

The corresponding voltammetric responses of dopamine was investigated
by varying the scan rate. The results are shown in Figure 4.7, displaying the cyclic
voltammograms recorded during variation of the scan rate for the screen-printed
carbon electrode. 1t can be seen that the peak current was linearly proportional to the
square root of the scan rate within the range of 10to 300 mV/ . The linear regression
analysis yields R2>0.9990. From the voltammogram, it was found that the peak
potential shifted positively with increasing sweep rate, as expected for an irreversible
process, and the linearity suggests that the reaction involves a diffusing species.
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Figure 4.7 Cyclic voltammogram of 1 mM dopamine in 25 mM MES and L-
histidine (pH 7.0) buffer at the screen-printed carbon electrode.
The scan rate was from 10-300 mV/ . The relationship of the
current signal to the square root of the scan rate is shown in the
Figure inset.
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4.1.4.2 Effect of scan rate on catechol voltammetric response

The corresponding voltammetric response of catechol was investigated by
variation of the scan rate. Figure 4.7 displays the cyclic voltammograms recorded
during variation of the scan rate for the screen-printed carbon electrode. From the
voltammogram, it was found that the peak potential shifted positively with increasing
sweep rate. It can be seen that the peak current is linearly proportional to the square
root of the scan rate within the range of 10 to 300 mV/ . The results are as expected
for an irreversible process. The linear regression analysis yields an R2>0.9990. This
linearity suggests that the reaction is controlled by diffusion process of catechol.
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Figure 4.8 Cyclic voltammogram of 1 mM catechol in 25 mM MES and L-
histidine (pH 7.0) buffer at screen-printed carbon electrode. The
scan rate was between 10-300 mV/ . The relationship of current
signal and square root of scan rate was also shown in this Figure
(inset).
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4.1.4.3 Effect of scan rate on lead(ll) voltammetric response

The effect of the scan rate on the electrochemical behavior of lead(1l) wes
obtained.  The cyclic voltammograms recorded during variation of the scan rate,
within the range 10to 300 mV/  for the screen-printed carbon electrode are shown in
Figure 49, The corresponding voltammetric responses displayed the oxidation of
analytes uncerwent is an irreversible reaction. The relationship between the current
response and the suare root of the scan rate for lead ion is shown in the inset. From
these results, the current response of the lead fon was directly proportional to the
square oot of the scan rate. It can be concluded that the diffusion process controls
the transportation of this analyte.
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Figure 4.9 Cyclic voltammogram of 1mM lead in 25 mM MES and L-histidine
(pH 7.0) buffer at screen-printed carbon electrode. The scan rate
was 10-300 mV/ . The relationship of current signal and square
root of scan rate is also shown in this Figure(inset).
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4.1.4.4 Effect of scan rate on cadmium(11) voltammetric response

The electrochemical behavior of cadmium(ll) in MES and L-histicline
using the screen-printed carbon electrode during variation of the scan rate was
obtained. Figure 4.10 shows the cyclic voltammograms recorded within the scan rate
range of 10to 300 mV/ . It can be seen that peak current is linearly proportional to
the square root of the scan rate. The linear regression analysis yields an R2>0.9990.
From the voltammogram, it was found that the peak potential shifted positively with
Increasing sweep rate, as expected for an irreversible process, and the linearity
suggests that the reaction involves the diffusion controlled transportation of cadmium.

-20

Current (LA)

Figure 4.10 Cyclic voltammogram of 1mM cadmium in 25 mM MES and L-
histidine (pH 7.0) buffer at screen-printed carbon electrode. The
scan rate was 10-300 mV/ . The relationship of current signal and
square root of scan rate is also shown in this Figure (inset).
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4.1.45 Effect of scan rate on copper(ll) voltammetric response

The corresponding voltammetric response varied with scan rate with the
current plateau Increasing linearly with the square root of the scan rate. Such
dependence indicates that the reduction of copper(11) is indeed diffusion controlled.
Figure 4.11 shows the cyclic voltammograms of this metal in MES and L-histidine
when using the screen-printed carbon electrode, as recorded with scan rates between
10and 300 mV/. It can be seen that peak current is lingarly proportional to the
square root of the scan rate. The linear regression analysis yields R2>0.9990. From
the voltammogram, 1t was found that the peak potential shifted positively with
Increasing sweep rate, as expected for an irreversible process, and the linearity
suggests that the reaction involves diffusion controlled transportation.

Current (nA)

Figure 4.11 Cyclic voltammogram of 1 mM copper in 25 mM MES and L-
histidine (pH 7.0) buffer at the screen-printed carbon electrode.
The scan rate is 10-300 mV/ . The relationship of current signal
and square root of scan rate IS also shown in this Figure (inset).
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4.2 Microchip for separation and detection of metal ions

Microchip capillary electrophoresis (CE) has been introciced as a tool for fast
analysis in a small instrument. Instead of bringing samples to the laboratory, it is
possible to perform the analysis on-site.  The microchip CE systems that are
commercially available have been developed primarily for use in the field of life
sciences where high throughput is the main benefit and quantitation is of lower
Importance than identification. In this chapter, we focus on the determination of
metal ions, lead(ll), cadmium(I1) and copper(ll), in drinking water using microchip
CE. The aim of this work is to establish the requirements for accurate quantitation
and to evaluate microchip CE performance in the field of water analysis.

It is well known that carrier electrolytes with low-mobility coion are preferred
for analysis of small ions. 2-(7/-Morpholino)ethanesulfonic acid (MES) + histidine is
atypical carrier electrolyte with a low-mability coion used for the separation of smll
lons because both compounds have relatively low mobilities. Moreover, their pKa
values are almost identical, which make them an excellent buffer system. In general,
the first step for using microchip CE for the determination of metal ions is the
selection of the background electrolyte coion, and subsequently, the optimization of
the resolution and the detection sensitivity of the system.  Particularly, when
electrochemical detection is used: the background electrolyte has a large effect on the
signal sensitivity. To obtain a high signal-to-background ratio, the fonic conauctivity
of the background electrolyte coion, which is directly related to the electrophoretic
mobility, should differ from the analyte as much as possible. In the following parts,
the influence of some experimental parameters such as. the buffer pH, buffer
concentration, the separation voltage, and the detection potential on the separation
efficiency and detection sensitivity are reported in detail.
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421 Electrochemical characteristics of metal ions: lead(11), cadmium(l1)
and copper (1) ions,

The preliminary study of electrochemical reduction of the metal ions; lead (1),
cadmium (I1), and copper (1), was performed using a screen-printed carbon electrode in
the MES huffer solution (pH 7.0). Figures 4.4-4.6 display the typical voltammetric
responses for 1mM lead, cadmium and copper in buffer solution. An approximate, but
well defined reduction (Ep = 0.7, -0.8, and 0.6 \V) were observed for lead, cadmium
and copper (1), respectively.

The electrochemical characteristics of these three metal ions in microchip
capillary - electrophoresis were studied with a screen-printed electrode  with
amperometric detection. Figure 4.12 shows the electropherogram of the three metal
lons In running buffer solution. The results illustrate the separation and sensitivity for
analysis of these metals, with retention times of P, Co+and Cu2+are 9, 120 and
145, respectively.

2+

CuzJr

-

Time ()
Figure 4.12 The electropherogram of metal ions: Pb(a), Cd24(), and Cu{c).
Experimental parameters: 10 mM mixed metal ions; running buffer,
MES and L-histidine (pH 7.0); separation voltage 1100 V; detection

Current (nA)
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potential -0.8 \; sampling time 3 ; working electrode: screen-printed
carbon electroge.

422 Influence of pH

The running buffer pH is the first important parameter for optimization in
microchip CE; the same as in conventional CE, in which the separation medium pH
influenced the £ potential of the interior of the capillary. The running buffer pH has
effect on the; EOF rate, ionization degree, mobility, and separation efficiency of the
analytes. Thus, the pH values of running buffer were examined in the pH range of
6.0-85. Al buffers contained 20 mM MES and 20 mM L-histidine. Therefore, we
studied the effect of the huffer pH on the separation efficiency. Table 4.2 lists the
effect of running buffer pH on the resolution (rs) of Cd2+ Ph2+ and CoCu+. rs
gradually increases from 145 to 258 for Cd2+and Po+, and from 105 to 3.33 for
Cd2+and Cu2+as the buffer pH decreases from 850 6.5 Further reducing the buffer
pH causes the peak currents to decrease (data not shown).

Table 4.2 Current and Resolution of three metal ion standards in 20 mM MES
containing 20 mM L-His; when 12 kv voltage; and -0.85 V detection
voltage are applied.

oH OfBGE Current (nA) Resolution
Po(ll) Cd(ln — Cu(ll oo .
6 1% 1% 1 1B

6 1% 1481 188 2.58 251
! 1349 Bl 1709 191 333
19 3% B8 109 218 231
8 1469 2042 1369 1% 118
85 138 18  103F 179 105
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This table clearly shows that selection of CE conditions hinges upon
considering the two factors of separation efficiency and detection sensitivity. The
results show the current and resolution of three metal fons. It can be seen that when
the buffer pH was set between 65 and 7.5, the three metal ons could be well
separated. The highest current signal was obtained at buffer pH 7.5. Higher buffer
pH, not only increased the background noise signal but also took increasing time for
stabilization of baseline. Therefore, a buffer pH 7.0 was selected as optimal for all
sunsequent work.

423 Influence of electrolyte concentration

Buffer concentration is another important parameter that hardly effect on the
separation efficiency and detection sensitivity. Electropherograms of 10 mM lead
cadmium and copper in varying concentrations of pH 7.0 buffer were performed. It
was found that the buffer concentration had negligible influgnce on the migration time
ofthe analytes; and was found that the peak current of the three cations increased with
Increasing huffer concentrations from 10 to 25 mM, and then decreased with the
further increase of the buffer concentration as shown in Figures 4.13-4.15. Generally,
in orcer to minimize electromigrative dispersion, and to obtain high separation
efficiencies, the mobilities of analyte fons and carrier electrolyte coion should be
similar. For carrier electrolytes with low-mobility coion, such as MES + histiding,
high concentrations make for electrostacking, which helps to suppress peak dispersion,
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Figure 4.13 The effects of the buffer concentration on: (A) peak current, and (B) half-
peak widths of L0 mM lead(I1) ion. Experimental parameters : running
buffer, MES and L-His pEl 7.0; separation voltage 1000 V; detection
potential -0.8 V; sampling time 3 ; screen-printed carbon electrode.
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Figure 4.14 The effect of the buffer concentration on: (A) peak currents, and (B) half-
peak widths of 10 ffM caomium(1l) ion. Experimental parameters
running buffer, MES and L-His pH 7.0; separation voltage 1000 V.
detection potential -0.8 \V; sampling time 3 ; working electrodg, screen-
printed carbon electrode.
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Figure 4.15 The effects of the buffer concentration on: (A) peak currents, and (B)
half-peak widths of 10 mM copper(ll) ion. Experimental parameters:
running buffer, MES and L-His pH 7.0; separation voltage 1000 V.
detection potential -0.8 V; sampling time 3 ; working electrode: screen-
printed carbon electroce.

This phenomenon can occur for two reasons: (1) higher concentration of
running buffer wall result in higher ionic strength, which will decrease the
conductivity difference between the sample and running buffer, and result in low
signal, and (2), the higher concentration of the running buffer used for electrostacking,
which results in relatively higher concentrations of the sample zone and then a
relatively high signal is obtained. In relation to the factor of detection sensitivity, the
running buffer concentration of 25 mM was chosen.
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424 Influence of detection potential

The detection potential strongly affects the sensitivity and detection limits of
microchip CE with an electrochemical detection system. In orcler to obtain the
optimal detection potential, a hydrodynamic voltammogram was investigated. Figure
4.16 shows a compromise between low applied potentials and enough sensitivity for
all the metal ions involved at the screen-printed carbon electrode.  The influence of

the detection potential applied to the working electrode was studied for Po2t, Cd2+and
Cut,

Current (nA)

0 100 200 30
Time()

Figure 4.16 Electropherograms of 1.0 mM lead, cadmium and copper cations at
different detection potentials, -0.90 V (a), -0.85 V (b), -0.80 V (c), 0.7
V (d), 0.70V (8). Experimental parameters : 25 mM MES and L-His pH
7.0 used as running buffer; separation voltage 1000 V; sampling time 3 .
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Figure 4.17 The relationship between the peak current and the separation voltage of
10 mM copper(ll) fon at different detection potentials when tested
against: Po(ll) (@), Ca(ll) (b), Cu(ll) (c). Experimental parameters : 25
mM MES and L-His pH 7.0 used as running buffer; separation voltage

1000 V; sampling time 3 ; working electrode, screen-printed carbon
electrodk.
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It was observed that the amperometric signal of these heavy metals ions
increased with increasing detection potential from -0.70 to -0.85 V. However, the
baseline current and the corresponding noise level hecome large at lower reduction
potentials.  The sensitivity of the signal for the three ions changes with changing
detection potentials as shown in Figure 4.17. From the results, it can be seen that
cadmium and copper have similar changes in signal rates, while the relative peak
current of lead has a lower change rate with the changing detection potential. To
compensate between the sensitivity and signal-to-noise - characteristics  for
simultaneous metals analysis, a detection potential of -0.8 V offered the most
favorable result.

425 Influence of separation voltage

The separation voltage affects the electric field strength, which in tum affects
the EOF and the migration velocity of charged particles, ultimately determining the
migration time of analytes. Since the electrochemical detection principle is based on
the coupling of the separation electric field to the electrochemical detector, the
influence of separation voltage on detection is a major factor in improving detection
sensitivity. Moreover, a higher separation voltage may result in higher Joule heating.
The relationship between the amperometric response with different separation
voltages are shown in Figure 4.18-4.20 for lead, cadmium, and copper cations,

respectively.
. </)/é>

Pb(I

Current (nA)

1000 1100 1200
Separation voltage (V)

Figure 4.18 The relationship between the peak currents and the separation voltage.
The amperometric response of 1.0 mM lead(ll) cations at different
separation voltages. Other parameters are the same as in Figure 4.17.
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Figure 4.19 The relationship between the peak current and the separation voltage.
The amperometric response of 1.0 mM cadmium(11) cations at different
separation voltages. Other parameters are the same s in Figure 4.17.
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Figure 4.20 The relationship between the peak currents and the separation voltage.
The amperometric response of 10 mM copper(ll) cations at different
separation voltages. Other parameters are the same as in Figure 4.17.

The effect of separation voltage on the migration time of the analytes is shown
In Figure 4.21. By enhancing the separation voltage, the migration times of the three
cations were clearly shorter due to the EOF and electrophoretic flow in same direction,
which simultaneously increase with the increase of separation electric field.
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Figure 4.21 Electropherograms of 10 mM lead, cadmium and copper cations at
different separation voltages. The relationship between the peak currents
and the separation time: 1200 V (a), 1100 V (b), 2000 V (c). Other
parameters are the same as in Figure 4.17.
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In addition, a relative ascent of the amperometric signal was observed with the
increasing voltage.  The coupling effect on amperometric detection potential is
stronger with increasing electric field separation, which were observed the larger peak
currents corresponding to an accelerated electrochemical response. The sensitivity of
the signal with the change in separation voltage is different for the three cations. As
expected, increasing the voltage gives shorter migration times, but also increases the
background noise, resulting in a higher detection limit.  The migration times were
dramatically decreased for all three metal ions: from 120t0 90 for lead, 15010 110s
for cadmium, and 175to 140 for copper. Although the resolution of analytes can be
improved to some extent, too low a separation voltage will increase the analytical
time considerably, which inturn causes severe peak broadening (Figure 4.21). When
the separation voltage was higher than 1200V, the baseline became more and more
Unsteadly. It was suggested that a high separation voltage could produce an air bubble
and consequently result in clogging of the channel. Based on these experiments, 1200
\/ was chosen as the optimum voltage to accomplish optimal resuts.

426 Linear range and detection limit

According to previous studies on the running buffer pH and concentration, as
well as separation voltage and detection potential, the optimized conditions of 1200 V
separation voltage, -0.8 V detection potential, and 25 mM (pH 7.0) MES + L-His &
running buffer were obtained. Under the selected conditions, a series of stancard
mixture solutions containing lead, cadmium, and copper with concentrations ranging
from 100 pM to 1000 pM were tested to determine the linearity for all analytes at the
screen-printed carbon electrode in this system as shown in Figures 4.22-4.24 for P2,
Cd2+; and Cuzt, respectively.
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Figure 4.22 The relationship between the peak currents and the concentration of
leaa(11) ion. Experimental parameters: 25 mM MES and L-His pH 7.0
Used as running buffer; separation voltage, 1200 V; detection potential,
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cadmium(11) fon. Experimental parameters: 25 mM MES and L-His pH
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Figure 4.24 The relationship between the peak currents and the concentration of
copper(11) ion. Experimental parameters: 25 mM MES and L-His pH 7.0
used as running buffer; separation voltage, 1200 V; detection potential,
08 V; sampling time, 3 ; working electroce, screen-printed carbon
electrode.

The results of regression analyses on the calibration curves are; 0.9977, 09958,
and 0.9949 for lead, cadmium, and copper. The detection limits were evaluated on
the basis of a signal-to-noise ratio of 3. The calibration curves exhibit excellent lingar
behavior over the concentration range of about micromolar orders of magnitude with
the detection limits ranging from 0.13 to 1.74 pM for all the metal ions.

42.7 Repeatability and Accuracy

A standard mixture solution of lead, cadmium, and copper (L mM each) wes
analyzed ten times to determine the reproducibility of the peak current and migration
time for all analytes under the optimum conditions in this experiment.  These
optimized conditions are; 1200 V separation voltage, -0.8 V detection potential, 25
mM (pH 7.0) of MES + L-His &s running buffer, and injection time 3 . The average
peak current, SD and %RSD of the three metal ion signals are shown in Table 4.3
The reproducibility of retention times and half-width peaks in the analysis of Cu+
Cd2+and Ph2+are shown in Table 4.4 and Table 45, respectively.



Table 4.3 The reproducibility of peak current for the detection of metals. Other
parameters are the same as in Figure 4.22

etals P‘ngecrgg:)”t D 0RSD
0 08 029 120
) 523 1% 527
Q) 315 052 30

Table 44 The reproducibility of half-with peak for the detection of metals. Other
parameters are the same as in Figure 4.22

Netls Ha'gvvve'fatge;’eak D 0RSD
Pyl 09 079 797
) 517 046 398
cul) 150 0% 76

Table 45 The regroducibi#ity of retention times f% the detection of metals. Other

parameters are the'same as in Higure 4.
Retention time 0
Metals (avera) D JRSD
a(l) 915 1% 147
(1) 1165 166 140

culll 1400 171 120
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The relative standard deviations (RSDs) of peak currents and migration times
are: 4.20 % and 1.47 % for lead, 5.27 % and 1.40 % for cadmium, 3.92 % and 1.20 %
for copper, respectively. It is indicated that the proposed system exhibited an
excellent performance in both separation and detection for prolonged operation.

428 Real sample analysis

Metal ions are essential components of biological systems; however, they may
have toxic or carcinogenic properties at high concentrations. The contamination of our
environment (such as water and soil) due to heavy metal ions is a very serious and
challenging problem. Therefore, it is very important to analyze the presence of heavy
metal ions in the environment. Under optimum conditions, the determination of lead,
cadmium, and copper in real samples was carried out according to the procedures
described earlier,

4281 Analysis of metal ons in Unif  green vegetable juice

Microchip CE with amperometric detection system was applied to the
determination of analytes in the beverage, Unif green vegetable juice. The standard
addition method was used to determine the amount of metal ions in theses samples.

42811 Analysis of lead(1l) ion inaUnif green vegetable juice

The determination of lead(1l) ion ina Unif green vegetable juice
when using the screen-printed carbon electrode in the microchip CE system is
displayed in Figure 4.27. From these results, the relationship between the current
response and the concentration of analyte under the selected condition is apparent. A
series of standard solutions with a concentration range of 0 pMto 1000 pM was used
to determine the linearity of analysis. The results of regression analysis are 0.9950,
Table 4.6 lists the obtained %recovery, SD, and %RSD from the analysis of Ph2+ion
in these samples.
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Figure 4.25 The relationship between the peak currents and the concentration of
lead(I1) fon in Unif ~ green vegetable juice. Experimental parameters:
25 mM MES and L-His pH 7.0 used as running buffer; separation
voltage, 1200 V; detection potential, -0.8 V; sampling time, 3 ; working
electrode, screen-printed carbon electrode.

Table 4.6 The %recovery of analysis of lead(l1) ion in Unif green vegetable juice.
Other parametérs are the same as in Figure 4.25.

. Y%recovery
Conc(gr%atlon P11 ion
1 2 3 average SD  %RSD
1000 10071 10120 10668 10320 303 293
750 100.14 9926 10377 100106 239 237
500 9445 10097 96.76 9739 331 340
250 8176 8233 9063 8491 496 58
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42812 Analysis of cadmium(Il) ion in Unifs green vegetable
juice

The microchip CE with amperometric detection system was used for
determination of cadmium(1l) ion in Unifs green vegetable juice when using the
screen-printed carbon electrode is displayed in Figure 4.26. From these results, the
relationship between the current response and the concentration of analyte under the
optimum condition is apparent. A series of the standard solutions with a
concentration range of 0 pM to 1000 pM was used to determine the linearity of
analysis. The results of regression analysis are 0.9968. Table 4.7 lists the Y%recovery,
SD, and %RSD of analysis of Cd2tion in theses samples by standard addition method.

Current (nA}
w
o

y=0.0489x + 1.3511
R? = 0.9968

0 200 400 600 800 1000 1200
Concentration of standard (uM)

Figure 4.26 The relationship between the peak currents and the concentration of
lead(I1) ion in Unifs green vegetable juice. Experimental parameters:
25 mM MES and L-Elis pH 7.0 used as running buffer; separation
voltage 1200 V; detection potential, -0.8 V/; sampling time, 3 .
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Table 4.7 The %recovery of analysis of cadmium(11) ion in Unif - green vegetable
juice. Other parameters are the same as in Figure 4.26.

. Y%recovery
Conc(grll}lr)atlon Ca(ll) ion
1 2 3 average SD  %RSD
1000 9867 9.73 9711 9750 103 105
750 10336 10558 10780 10558 222 2.0
500 9546 9769 9313 %43 228 239
250 10903 10041 10526 10790 230 213

4.2.8.1.3 Analysis of copper(ll) ion in Unif green vegetable juice

The determination of copper(ll) ion in Unif green vegetable juice
when using the screen-printed carbon electrode in microchip CE system was observed
in Figure 4.27. From these results, there is a clear relationship between the current
response and the concentration of analyte under the MES and L-histidine running
buffer solution. A series of standard solutions with a concentration range of 0 to 1000
JUMwas used to determine the linearity of analysis. The results of regression analysis
are 0.9956. Table 4.8 shows the %recovery, SD and %RSD from analysis of Cuztion
in theses samples by standard addition method.

25

20

o
£ 15
& y = 0.0215x + 0.4247
L
5 10 R® = 0.9956
O
5 i
0 200 400 600 800 1000 1200

Concentration of standard (uM)

Figure 4.27 The relationship between the peak currents and the concentration of
lead(I1) ion in Unif green vegetable juice. Experimental parameters:
25 mM MES and L-His pH 7.0 used as running buffer; separation
voltage, 1200 V; detection potential, -0.8 V; sampling time 3 .
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Table 4.8 _The %recovery from analysis of copper(ll}jon inUnif green vegetable

juice. Other parameters are the same as in Figure 4.27.
. Y%recovery
Concentration Cull) ion

(pM)

1 2 3 average SD  %RSD
1000 10091 9774 9900 9922 159 16l
750 10205 10558 10611 10458 221 2m
500 9075 975 928 9193 246 267
250 10149 10282 9.7 10003 375 375

4.2.8.2 Analysis of metal ions in Malee’s tomato juice

Microchip CE with an amperometric detection system was applied to the
determination of the beverage, Malee’s tomato juice. The standard addition method
was used to determine the amount of metal ons in these samples.

4282.1 Analysis of lead(If) ion in Malee’s tomato juice

Figure 4.28 shows the results for determination of lead(ll) ion in
Malee’s tomato juice when using the screen-printed carbon electrode in a microchip
CE system. From the results, the relationship between the current response and the
concentration of analyte under the optimum condition is apparent. A series of
standard solutions with a concentration range of 0 pM to 600 pM was used to
determine the linearity of the analysis system. The results of regression analysis are
0.9952. The Y%recovery, SD and %RSD of analysis of Ph2+ion are listed in Table 4.9.
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Fiqure 4.28 The relationship between the peak current and the concentration of
lead(l1) fon in Malee’s tomato juice.  Experimental parameters:
separation voltage, 1200 V; detection potential, -0.8 V; sampling time 3
»working electrode, screen-printed carbon electrode.

Table 4.9 The %recovery from analysis of lead(11) ion in Malee’s tomato juice.
Other parametérs are the same as in Figure 4.28

- Yorecover
Congrll}lr)atlon ool ior¥

1 2 3 awerage SD  %RSD
1000 9856 10393 10135 10128 269 265
800 10311 %471 9886 9889 420 425
600 9152 %16 9216 9328 252 210

400 10199 9273 10522 9998 648 648

4.2.8.2.2 Analysis of cadmium(11) ion in Malee’s tomato juice

The determination of cadmium (1) ion in Malee’s tomato juice when
using the screen-printed carbon electrode in microchip CE system is illustrated in
Figure 4.29. From these results, the relationship between the current response and the
concentration of analyte under the MES and L-histidine running buffer solution is
apparent. A series of the standard solutions with a concentration range of 0 pM to
800 pM was used to determine the linearity of the analysis. The results of regression

analysis are 0.9965. Table 4.10 showed the %recovery, SD and %RSD of analysis of
Cd2+ion in these samples.
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Current (nA°

y=0.0228x+0.2318
R? = 0.9965
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Figure 4.29 The relationship between the peak currents and the concentration of
cadmium(l1) ion in Malee’s tomato juice. Experimental parameters: 25
mM MES and L-His pH 7.0 used as running buffer; separation voltage,
1200 V; detection potential, -0.8 \V; sampling time, 3 .

Table 4.10. The %recovery from analysis of cadmium (1) ion in Malee’s tomato
juice. Other parameters are the same as in Figure 4.29

Concentration (yé’ée(fﬁ"g%’
(M) 1 2 3 average SD  %RSD
1000 10290 9814 10173 10092 248 246
800 9701 9777 9602 9693 oss 090
600 10224 10030 9899 10051 163 163
400 10770  107.76 10346 10631 247 232

200 10041 9409 10626 10025 609  6.07

42823 Analysis of copper(11) ion in Malee’s tomato juice

The determination of copper(ll) ion in Malee’s tomato juice when
using the screen-printed carbon electrode in the microchip CE system is displayed in
Figure 4.30. From these results, the relationship hetween the current response and the
concentration of analyte under the selected condition is evident. A series of standard
solutions with a concentration range of 0 pM to 800 pM was used to determine the
lingarity of the analysis. The result of regression analysis is 0.9948. Table 4.11
shows the Y%recovery, SD and %RSD for analysis of Cu+ion in these samples.
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Current (nA°

y=0.0145x - 0.3451
R% = 0.9948
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Figure 4.30 The relationship between the peak currents and the concentration of
copper(ll) ion in Malee’s tomato juice. Experimental parameters: 25
mM MES and L-His pH 7.0 used as running buffer; separation voltage,
1200 V; detection potential, -0.8 V; sampling time, 3 .

Table 4.11 The %recovery from analysis of,coEper(II) on in Malee’s tomato juice.

Other parameters are the same as in Figure 4.30
0
Concentration A’reCOV?W
(PM) Cu(ll) ion

1 2 3 average SD  %RSD
1000 10264 10015 10263 10214 oss 084
800 9474 9888 9959 97713 262  zes
600 9142 9342 9% 9320 1B 1%
400 224 N0 10110 9745 464 476
200 10197 9458 9020 959 5% 623

4.2.8.3 Analysis of metal ions in Malee’s pineapple juice

Microchip CE with the amperometric detection system was applied to the
determination of analyte concentrations in the beverage, Malee’s pineapple juice.
Standard addition was used to determine the amount of metal ions in these samples.
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42831 Analysis of lead(1l) ion in Malee’s pineapple juice

The microchip CE with amperometric detection system was used to
determine the amount of cadmium(l1) ion in Malee’s pineapple juice by using the
screen-printed carbon electrode (Figure 4.31). From these results, the relationship
between the current response and the concentration of analyte under optimum
conditions was apparent. A series of standard solutions with a concentration range of
0 pM to 800 pM was used to determine the linearity of analysis. The results of
regression analysis are 0.9966. Table 4.12 show the obtained %recovery, SD and
%RSD of analysis of P2+ ion in theses samples.

Current (nA’
W

y = 0.0049x + 0.048
R* = 0.9966

0 200 400 600 800 1000 1200
Concentration of standard (mM)

Figure 4.31 The relationship between the peak currents and the concentration of
lead(I1) ion in Malee’s pineapple juice. Experimental parameters: 25
mM MES and L-Elis pH 7.0 used as running buffer; separation voltage,
1200 V; detection potential, 0.8 V; sampling time, 3 ; working
electrode, screen-printed carbon electrode.
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Table 4.12 The %recovery of analysis of Iead(lp_ lon in Malee’s pineapple juice.
Other parameters are the same as in

Concentration
(M)

800
700
600
500
400

100

1

105.05
100.93
96.80
96.03
101.57
105.59

2

98.23
104.68
99.48
96.46
98.03
106.30

gure 4.31.
Y%recovery
Pb(Il) fon

3 average
10389 102.39
10280  102.80
%8 9171
953 9567
9182 99.14
101.10 10433

D
3.65
187
153

1.02

2.11

2.82

%RSD
3.56
182
157
1.06
2.13
2.10

42832 Analysis of cadmium(11) ion in Malee’s pineapple juice

The analysis of cadmium(ll) ion in Malee’s pineapple juice with

microchip CE with amperometric detection System using the screen-printed carbon
electrode is shown in Figure 4.32. From these results, the relationship between the
current response and the concentration of analyte under the optimum conditions is
evident. A series of standard solutions with a concentration range of 0 pM to 800 pM
was used to determine the linearity of analysis. The results of regression analysis are
0.9972. The %recovery, SD and %RSD of analysis of Cd2+ion in theses samples is
shown in Table 4.13.
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Figure 4.32 The relationship between the peak currents and the concentration of
cadmium(l1) ion in Malee’s pineapple juice. Experimental parameters:
25 mM MES and L-His pH 7.0 used as running buffer; separation
voltage, 1200 V; detection potential, -0.8 V; sampling time, 3 ; working

electrode, screen-printed carbon electrode.

Table 4.13 The %recovery from analysis of cadmiu,mg_l) jon in Malee’s pineapple

juice. Other parameters are the same as in Figure 4.32
Concentration %recovg Y
(PM) Cd(l) ion
1 2 3 average D
800 945 9825 10375 10048 289
600 10414 10589 10979 10661 289
400 0498 9242 9989 9576 3.79

200

10945 10700 10548 10731 2.0

%RSD
281
2.1
3.96
187

42833 Analysis of copper(l) ion in pine apple juice Malee’s

The analysis of copper(ll) ion in Malee’s pineapple juice with
microchip CE and amperometric detection system using the screen-printed carbon
electrode is displayed in Figure 4.33. From these results, the relationship between the



97
current response and the concentration of analyte under the optimum condition. A
series of standard solutions with a concentration range of 0 pM to 800 pM was used
to determine the linearity of analysis. The results of regression analysis are 0.9972.

The %recovery, SD and %RSD from analysis of Cu2t ion in these samples are shown
in Table 4.14.
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55 y = 0.0092x + 0.007
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Figure 4.33 The relationship between the peak currents and the concentration of
copper(11) ion in Malee’s pineapple juice. Experimental parameters: 25
mM MES and L-His pH 7.0 used as running buffer; separation voltage,
1200 V; detection potential, -0.8 \V; sampling time, 3 .

Table 4.14 The Y%recovery from analysis of copper(I1) ion in Maleg’s pine apple juice.
Other parameters are the same as in Figure'4.33

0
Concentration A)recov.e Y
(M) Cu(ll] ion
1 2 3 average D %RSD

800 10403 9979 10029 1037 232 2.28
700 9868 991 9850  98.70 0.20 0.20
600 10092 10481 10511 10361 234 2.25
500 %88 9135 10080 9801 2.9 2.51
400 9192 9461 %97 9450 2.92 261
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