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A bio-inspired electrochemical sensor using a binuclear oxo-manganese complex was evaluated and ap-
plied in the detection of a substance associated with doping in sports: acetazolamide (ACTZ). Investigation
was made of the influence of different experimental variables on the electrocatalytic oxidation of ACTZ by
the bio-inspired sensor, such as pH and interfering species. The bio-inspired sensor showed the best re-
sponse in the range from 5.00�10�9 to 7.00�10�8 mol L�1 ACTZ, with a linear range from 5.00�10�9 to
2.50�10�8 mol L�1 and a detection limit of 4.76�10�9 mol L�1. The sensor exhibited characteristics si-
milar to the Michaelis–Menten model of an enzymatic electrode, due to the use of a multinucleated
complex of manganese with μ-oxo units, which was able to mimic the properties of enzymes with
manganese as a cofactor in their composition, such as Mn-containing oxidase. The determination of ACTZ
with the bio-inspired sensor was evaluated using three different synthetic biological fluids (plasma, saliva,
and urine), demonstrating its viability for use with real samples. The analysis of ACTZ in real urine samples
using the bio-inspired sensor, simulating the method adopted by the World Anti-Doping Agency, which
revealed viable, suggesting a new and promising platform to be used in these analysis.

& 2015 Elsevier B.V. All rights reserved.
1. Introduction

The advent of the use of substances that enhance the perfor-
mance of athletes to give them competitive advantage, whether as
“drugs” or other highly purified and potent compounds, has re-
sulted in systematic screening to detect and prevent the use of
such substances (Fraser, 2004). Since 2004, the World Anti-Doping
Code and the World Anti-Doping Agency (WADA) have listed
substances and methods prohibited in sport, both within and
outside competition (WADA, 2014a; Mazzoni et al., 2011).

Diuretics were first banned in sport in 1988 due to their use by
athletes to eliminate water from the body and cause a rapid
weight loss in order to comply with weight limits in sports such as
boxing, judo, and weightlifting, as well as to mask the adminis-
tration of other doping agents by reducing their concentrations in
urine. Acetazolamide (ACTZ), an inhibitor of the carbonic anhy-
drase enzyme, is used clinically either alone or in combination
with other drugs to treat glaucoma (Kaur et al., 2002), various
forms of epilepsy (Reiss and Oles, 1996), and a range of other
ra).
conditions (Aurora et al., 2012; Brayfield, 2014; Low et al., 2012;
Wall et al., 2014). Despite having clinical applications, its use in
athletes can cause arrhythmia, dehydration, hypotension, and re-
nal insufficiency. The literature describes different methods for the
detection and quantification of ACTZ, including chromatography
(Chapron and White, 1984; Ichikawa et al., 1998; Moratal et al.,
1992; Wallace et al., 1977; Zarghi and Shafaati, 2002), enzymatic
assays (Greene and Kenny, 1992), biosensing (Jeronimo et al.,
2005), spectrophotometry (Almeida et al., 2013; Khamis et al.,
1993; Walash et al., 2010), and electrochemistry (Debalugera et al.,
1994; Fogg and Ghawji, 1988; Gholivand and Parvin, 2011; Kho-
dadadian and Ahmadi, 2010; Shakibaian and Parvin, 2012).

The synthesis of biomimetic enzymes enables the reproduction
of specific characteristics of biological molecules. The design of
metallic complexes for the modeling of metallo-enzyme active
sites is a fruitful strategy that can be used to obtain fundamental
information concerning mechanisms involving biological mole-
cules (Rebilly et al., 2015).

Due their similar catalytic, kinetic, and structural character-
istics as the active sites of enzymes that have manganese as a
cofactor in their composition (Christou, 1989; Pecoraro et al., 1994;
Renger, 1987; Wieghardt, 1989, 1994), multinucleated complexes
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of manganese with μ-oxo units have been studied and applied in
the development of bio-inspired or biomimetic sensors (Franzoi
et al., 2009; Machini and Teixeira, 2014, 2015; Santos et al., 2009).
Compared to the use of biosensors, bio-inspired sensors exhibit
excellent catalytic and kinetic properties, as well as high selectivity
and sensitivity. Their use enables simplification of the system,
decreasing the need to control the reaction conditions (such as pH
and temperature), minimizing interfering species, and eliminating
extraction and purification procedures. There is therefore con-
siderable interest in developing this research area.

In this way, the present work describes the development and
application of an electrochemical sensor using a bio-inspired bi-
nuclear oxo-manganese complex based on the oxidase enzyme for
the detection of a substance (acetazolamide) used in doping and
prohibited by the WADA, envisaging the application of the tech-
nique to real samples.
Potential (V) versus SCE
Fig. 1. Cyclic voltammogram for the bio-inspired sensor in 0.1 mol L�1 acetate
buffer (pH 4.7), using a scan rate of 25 mV s�1 in the potential range from 0.0 to
1.2 V vs. SCE.
2. Experimental

2.1. Reagents and solutions

The supporting electrolyte used in all the experiments was
0.1 mol L�1 acetate buffer, with the pH adjusted by adding con-
centrated HCl or NaOH. An acetazolamide standard solution
(0.10 mmol L�1) was prepared by dissolution of an appropriate
amount of the compound in acetate buffer. Graphite powder
(420 μm) and high purity mineral oil were used in the prepara-
tion of the bio-inspired sensor. All the reagents were from Aldrich.
The biomimetic synthesis is described in the Supplementary
material.

2.2. Electrochemical behavior and analytical performance of the bio-
inspired sensor

All voltammetric measurements were carried out at 25 °C in a
20 mL temperature-controlled glass cell with a three-electrode con-
figuration: the bio-inspired sensor based on the binuclear oxo-
manganese(III,IV)-phenanthroline complex was used as the working
electrode, a saturated calomel electrode (SCE) was used as the re-
ference electrode, and the auxiliary electrode was a platinum wire.
These measurements were performed using a μ-AUTOLAB type III
potentiostat/galvanostat (Eco Chimie) controlled with GPES v.
4.9 software.

The bio-inspired sensor was prepared by mixing 10% (w/w) of
the [MnIII/IV(m-O)(phen)2]2(ClO4)3 complex with 60% (w/w) of
graphite power and subsequently adding 30% (w/w) of mineral oil
(Svancara et al., 2009). This material was packed into an electrode
body consisting of a cylindrical plastic tube (6 mm i.d.) fitted with
a stainless steel rod that provided the external electrical contact.

The electrochemical behavior of the bio-inspired sensor was
studied using cyclic voltammetry in the potential range from 0.0 to
1.2 V, with different scan rates, in 0.1 mol L�1 acetate buffer solu-
tion. For each measurement, 3 successive cycles were carried out to
ensure signal stabilization and the third cycle was kept as the result.

The electrochemical performance of the sensor for detection of
ACTZ was evaluated by the addition of analytical standards to the
electrochemical cell.

2.3. Application of the sensor using synthetic biological fluid samples

The application of the bio-inspired sensor in the determination
of ACTZ was investigated using synthetic plasma, saliva, and urine
samples (Laube et al., 2001; Liu et al., 2006). The samples were
deliberately contaminated with 1.0�10�4 mol L�1 ACTZ, and the
pH was adjusted to 5.6. The measurements were made in
0.1 mol L�1 acetate buffer solution (pH 5.6) using cyclic voltam-
metry in the potential range from 0.0 to 1.2 V vs. SCE, with a scan
rate of 25 mV s�1. After recording cyclic voltammograms in the
absence of ACTZ, an aliquot of the spiked sample was added to the
electrochemical cell to give a final concentration of
3.0�10�7 mol L�1 ACTZ, followed by multiple standard additions
of acetazolamide.

2.4. Collection and treatment of a human urine sample for doping
control analysis

The electroanalytical application of the bio-inspired sensor in
doping control analysis was investigated using the determination
of ACTZ in a human urine sample, simulating the method adopted
by WADA (2012).

A volunteer sportsman, 24 years old, was treated with one ta-
blet of Diamox

s

containing 250 mg of ACTZ. After 6 h, a urine
sample was collected in a sterilized plastic container and stored in
a freezer at �20 °C. A blank urine sample was collected before
administration of the drug to the volunteer. In the laboratory, the
urine samples were treated prior to analysis, as described in
Supplementary material.

The bio-inspired sensor was tested for the doping control
analysis of acetazolamide using multiple standard additions to the
collected urine sample. The same conditions used in the electro-
chemical analysis of the synthetic samples were employed in the
doping control experiment.
3. Results and discussion

3.1. Electrochemical properties of the bio-inspired sensor

Firstly, the electrochemical behavior of the bio-inspired sensor
based on the binuclear oxo-manganese(III,IV)-phenanthroline
complex was investigated by cyclic voltammetry in 0.1 mol L�1

acetate buffer solution (pH 4.7), in the presence of molecular
oxygen as an inhibitor of the activity of the electrochemical sensor
(see Supplementary material).

The cyclic voltammograms (Fig. 1) revealed a quasi-reversible
system with one redox process (Epa¼0.795 V and Epc¼0.444 V vs.
SCE), with peak-to-peak separation (ΔEp) and formal potential
(Ep/2) of 0.351 V and 0.620 V vs. SCE, respectively, attributed to the
MnIV/IV/MnIII/IV redox couple:
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Potential (V) versus SCE
Fig. 2. Cyclic voltammogram for the bio-inspired sensor in 0.1 mol L�1 acetate
buffer (pH 4.76) using a potential range from 0.0 to 1.2 V vs. SCE, at 25 mV s�1, in
the absence of ACTZ (a) and in the presence of (b) 2.50�10�7 mol L�1,
(c) 2.50�10�6 mol L�1, and (d) 5.00�10�6 mol L�1 ACTZ.
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The surface concentration of electroactive species was esti-
mated from the background-corrected electric charge (Q) obtained
for anodic peaks in cyclic voltammograms acquired at a slow scan
rate (5 mV s�1) (Bard and Faulkner, 2001). The concentration of
electroactive species was found to be 4.5�10�8 mol cm�2.

3.2. Electrochemical response of acetazolamide at the bio-inspired
sensor

Fig. 2 shows the cyclic voltammograms for the bio-inspired sensor
in the absence of ACTZ and in the presence of 2.50�10�7 mol L�1,
2.50�10�6 mol L�1, and 5.00�10�6 mol L�1 concentrations of the
compound, where it can be seen that the anodic and cathodic peak
currents increased with increasing ACTZ concentration.

The effect of the potential scan rate (between 5 and
200 mV s�1) on the voltammetric response in the electrooxidation
of ACTZ was investigated using 0.1 mol L�1 acetate buffer con-
taining 1.00�10�6 mol L�1 ACTZ. The anodic and cathodic peak
currents varied linearly with the square root of the scan rate
(Supplementary material), suggesting that the oxidation of ACTZ
followed a diffusion-controlled mechanism. For scan rates over
50 mV s�1, small decreases of the anodic and cathodic peak cur-
rents were observed, indicating that at high scan rates there was a
limitation on the kinetics of the reaction between ACTZ and
MnIV(m-O)2MnIV on the electrode surface.

The influence of pH on the voltammetric response of the bio-
inspired sensor in the determination of ACTZ was evaluated using
0.1 mol L�1 acetate buffer (pH 3.8–5.6) containing 1.00�
10�6 mol L�1 ACTZ. The linear portion of the plot of formal potential

( [ + ]E E

2
pa pc ) against pH presented two distinct regions (Supplementary

material). The results indicated that between pH 3.8 and 4.4, the
acetazolamide was electrochemically reduced in a 1Hþ and 2e� re-
action (slope: 34 mV pH�1). This behavior was in agreement with the
reported voltammetric behavior of acetazolamide (Shakibaian and
Parvin, 2012). Interestingly, a slope value of �51mV pH�1 was ob-
tained in the pH range 4.7–5.6. This slope corresponded to a redox
process involving one proton and one electron. The equilibrium be-
tween MnIIIMnIV centers can then be represented by:
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This behavior is attributed to proton coupled electron transfer
(PCET), which is commonly applied to oxo-manganese complexes due
to their participation in the photosystem II mechanism (Machini and
Teixeira, 2014, 2015; Meyer et al., 2007; Rivalta et al., 2012; Sproviero
et al., 2006). According to the mechanism proposed by Gholivand and
Parvin (2011) for ACTZ electrooxidation at pH below 7.0, the bio-in-
spired sensor promoted ACTZ electrooxidation via a catalytic me-
chanism whereby one core of MnIIIMnIV was electrochemically
oxidized to MnIVMnIV at the electrode surface. The chemical step can
therefore be represented by the following equation:

From analysis of the degree of reversibility (ΔEp¼Epa�Epc) of
the active material in the presence ACTZ (Supplementary materi-
al), it was decided to select the pH that showed the least effect on
the peak-to-peak separation distance. The subsequent experi-
ments were therefore performed using 0.1 mol L�1 acetate buffer
solution at pH 5.6.

3.3. Analytical performance

After optimizing the operating parameters, cyclic voltammetry
measurements were performed in 0.1 mol L�1 acetate buffer so-
lution (pH 5.6), varying the initial concentration from
5.0�10�8 mol L�1 to 7.5�10�7 mol L�1 ACTZ (Fig. 3a). The plot
of anodic peak current against the concentration of ACTZ (Fig. 3b)
showed two linear ranges, between 5.00�10�8 mol L�1 and
3.50�10�7 mol L�1, and between 3.50�10�7 mol L�1 and
7.50�10�7 mol L�1, which could be described by the linear re-
gression Eqs. (3) and (4), respectively.

Δ ( ) = − + [ ] μ

→ ( = = ) ( )

−I

n r

mA 0.0017 0.3865 ACTZ mol L

7, 0.9995 3

pa
1

Δ ( ) = + [ ] μ

→ ( = = ) ( )

−I

n r

mA 0.0279 0.3038 ACTZ mol L

9, 0.9992 4

pa
1

Another analytical curve was constructed using linear scanning
voltammetric measurements with different concentrations of ACTZ.
The linear voltammograms were obtained in 0.1 mol L�1 acetate
buffer (pH 5.6), varying the ACTZ concentration from
5.00�10�9 mol L�1 to 7.00�10�8 mol L�1 (Fig. 3c). This proce-
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Fig. 3. Cyclic voltammograms for the sensor in 0.1 mol L�1 acetate buffer (pH 5.6) using a potential range from 0.0 to 1.2 V vs. SCE, at 25 mV s�1, in the absence (red line) and
presence of successive additions of ACTZ from 5.00�10�8 mol L�1 to 7.50�10�7 mol L�1 (black lines); (b) Relationship between the variation of the anodic peak current
and the concentration of ACTZ (n¼3) obtained by CV. (c) Linear voltammograms for the sensor in 0.1 mol L�1 acetate buffer (pH 5.6) using a potential range from 0.1 to 1.2 V
vs. SCE, at 25 mV s�1, in the absence (red line) and presence of successive additions of ACTZ from 5.00�10�9 mol L�1 to 7.00�10�8 mol L�1 (black lines); (d) Relationship
between the variation of the anodic peak current and the concentration of ACTZ (n¼3) obtained by LV.
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dure resulted in a better analytical response than obtained by cyclic
voltammetry. As shown in the analytical curve (Fig. 3d), two linear
ranges were once again observed, between 5.00�10�9 mol L�1

and 2.50�10�8 mol L�1 ACTZ, and between 2.50�10�8 mol L�1

and 7.00�10�8 mol L�1 ACTZ, described by linear regression Eqs.
(5) and (6), respectively.

Δ ( ) = − + [ ] μ

→ ( = = ) ( )

−I

n r

mA 0.003 1.86 ACTZ mol L

5, 0.9998 5

pa
1

Δ ( ) = + [ ] μ

→ ( = = ) ( )

−I

n r

mA 0.0014 1.23 ACTZ mol L

10, 0.9991 6

pa
1

The lowest linear ranges were used to determine the limits of
quantification (ten times the blank signal/slope) and detection
(three times the blank signal/slope) (McNaught and Wilkinson,
1997). Table 1 summarizes the results obtained for the determi-
nation of ACTZ by the bio-inspired sensor, using the two different
electrochemical techniques, and compares these values with those
for electrochemical sensors for ACTZ reported in the literature. It
can be seen that the proposed sensor provided better results than
the earlier methods for the oxidation of ACTZ, demonstrating its
high efficiency and sensitivity.

The possible influence of other electroactive compounds on the
determination of ACTZ by the bio-inspired sensor was investigated
using seven different substances: ascorbic acid, citric acid, uric
acid, caffeine, dipyrone, glucose, and paracetamol. The studies
were conducted using cyclic voltammetry in 0.1 mol L�1 acetate
buffer (pH 5.6) with a fixed concentration of 1.00�10�6 mol L�1

ACTZ and a fixed concentration of 1.00�10�6 mol L�1 of the
possible interferent. The analyzed components were not con-
sidered to interfere when the relative error in the measured cur-
rent was less than 5% (Supplementary material). The greatest in-
terferences in the ACTZ analytical signal were caused by ascorbic
acid, citric acid, and dipyrone. However, none of the effects ex-
ceeded 5%.

3.4. Evaluation of biomimetic characteristics

The biomimetic properties of the sensor were reflected in a re-
sponse plot that showed a hyperbolic profile for acetazolamide con-
centrations between 1.00�10�6 mol L�1 and 1.00�10�5 mol L�1

(Supplementary material). In such cases, the reaction rate increases
with increasing substrate concentration and must asymptotically ap-
proach the saturation rate that is directly proportional to the total
biomimetic material concentration (Boni et al., 2010; Ruy et al., 2014).
Similarly, for concentrations higher than 5.00�10�6 mol L�1, the
proposed bio-inspired sensor showedmarked deviation from linearity,
which could be attributed to the maximum saturation of the elec-
trocatalytic sites on the electrode surface.

Given the ability of the multinucleated oxo-manganese com-
plexes to mimic enzyme active sites, the biomimetic properties of
the bio-inspired sensor were subsequently analyzed according to



Table 1
Analytical features of different sensors and electrochemical techniques used for the determination of ACTZ.

Material Bio-inspired GNP-MCPE MISPE

Voltammetric
technique

Cyclic voltammetry Linear voltammetry Differential pulse voltammetry Differential pulse voltammetry

Response range 5.00�10�8 – 7.50 0�7 mol L�1 5.00�10�9 – 7.00�10�8 mol L�1 1.00�10�8 – 8.00�10�5 mol L�1 9.00�10�7–

8.10�10�5 mol L�1

Linear range 5.00�10�8 –

3.50�10�7 mol L�1
5.00�10�9 –

2.50�10�8 mol L�1
1.00�10�8 – 8.00�10�5 mol L�1 9.00�10�7–

8.10�10�5 mol L�1

Limit of quantification 4.41�10�8 mol L�1 1.59�10�8 mol L�1 2.40�10�8 mol L�1 9.00�10�7 mol L�1

Limit of detection 1.32�10�8 mol L�1 4.76�10�9 mol L�1 7.10�10�9 mol L�1 2.70�10�7 mol L�1

Reference This work (Gholivand and Parvin, 2011) (Khodadadian and Ahmadi, 2010)

GNP-MCPE : gold nanoparticles modified carbon paste electrode; MISPE : molecularly imprinted polymer electrode.

Table 2
Michaelis–Menten kinetic parameters applied to the bio-inspired sensor based on binuclear oxo-manganese(III,IV)-phenanthroline complex.

Method KM kcat ks ′ke

Lineweaver-Burke 1.148 0.282 2.456 0.011
Eadie-Hofstee 1.204 0.286 2.375 0.011
Hanes-Woolf 1.241 0.287 2.313 0.010

KM
qpp: mmol L�1; kcat : s�1; ks (105) : (mol L)�1 s�1; ′ke : cm s�1.
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the Michaelis–Menten model. A possible mechanism can be de-
scribed as follows:

[ (μ ) ] + ⇌

[( (μ ) ) − ( )] ( )

( ) ( )

−
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Mn O Mn ACTZ
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Starting from the Michaelis–Menten rearrangement
equation (Eq. (9)), applied to ACTZ for steady-state catalytic cur-
rent (iSSC) (Lyons et al., 1994, 1998), the kinetic parameters were
obtained in three different ways, using the Lineweaver–Burke,
Eadie–Hofstee, and Hanes–Woolf approaches (Supplementary
material).

Г
=

[ ]
+ [ ]

=
[ ]
+ [ ] ( )

i
nFA k
K

i
K

ACTZ
ACTZ

ACTZ
ACTZ 9

SSC
cat

M
app

max

M
app

In Eq. (9), n is the number of electrons involved in the catalytic
reaction, KM

app (mol L�1) is the apparent Michaelis–Menten con-
stant, A (cm2) is the electrode area, Г (mol cm�2) is the electro-
active concentration on the electrode surface, kcat is the catalytic
rate constant, imax is the maximum catalytic current
( Γ=i nFA kmax cat), and [ACTZ] is the concentration of acetazolamide.

The values of the specificity constant (ks) (Petsko, 1999) and the
heterogeneous constant ( ′ke) were calculated using Eqs. (10) and
(11), respectively, for each method.

=
( )

k
k
K 10

s
cat

M
app

Г′ =
( )

k
k
K 11

e
cat

M
app

Plots were constructed of [ ]− −I against ACTZpa
1 1 (Lineweaver–

Burke), ⋅[ ]−I IACTZ versuspa pa
1 (Eadie–Hofstee) and

[ ]⋅ [ ]−IACTZ versus ACTZpa
1 (Hanes–Woolf) (Supplementary material).
The kinetic results obtained are listed in Table 2.
As can be seen, the Michaelis–Menten kinetic parameters cal-

culated using the different methods were all of the same order.
The apparent Michaelis–Menten constant is related to the affinity
of the bio-inspired complex for the substrate (ACTZ), as well as its
concentration required for effective catalysis. The results obtained
for this parameter showed a very small difference (Δ¼0.093) be-
tween the methods and low values of KM

app, indicating that the oxo-
manganese-phenanthroline complex had a high capacity for ACTZ
oxidation. The catalytic constant describes the time required by
the biomimetic complex to process one substrate molecule, and
the kcat values obtained here reflected high and rapid catalytic
activity. The specificity constant can be used to evaluate the re-
lative reaction rates of the substrate during its catalytic transfor-
mation by the electroactive material. The heterogeneous reaction
constants indicated that the electrocatalytic mechanism of the bio-
inspired sensor was dependent on the concentration of ACTZ ad-
sorbed on the electrode surface, analogous to systems with elec-
tron mediation mechanisms (Aulenta et al., 2009; Klink et al.,
2011; Palys et al., 2007).

3.5. Sensor application using synthetic biological samples

The proposed sensor was tested for the determination of ACTZ
in synthetic samples of biological fluids (plasma, saliva, and urine)
spiked with ACTZ (Supplementary material). Cyclic voltammetry
was performed using the multiple standard additions method,
with subsequent calculation of the recoveries (Supplementary
material). The results demonstrated the viability of the bio-in-
spired sensor for the detection and quantification of ACTZ in the
synthetic samples, with maximum recovery errors of �4.3% for
plasma, þ2.0% for saliva, and þ0.33% for urine. Application of the
t-test confirmed that there were no significant differences be-
tween the theoretical and measured values (95% confidence level),
indicating that the proposed method could be applied to the
analysis of real samples with different matrices.

3.6. Doping control analysis of ACTZ in human urine

The purpose of this experiment was to compare the
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experimental values with the minimum required performance
level (MRPL) established by the WADA. For the detection of
diuretics in urine in sports doping tests, the WADA requires that
accredited laboratories achieve a minimum performance level of
200 ng mL�1 (WADA, 2014b). Although diuretics vary in terms of
their potency, metabolism, and elimination (Cadwallader et al.,
2010), resulting in different levels in urine, a concentration of
200 ng mL�1 (0.899 mmol L�1) is sufficient for classification as
abusive use of diuretics (doping).

The values of the anodic peak currents were obtained from the
voltammograms and the analytical curve was constructed from
the multiple standard additions (Supplementary material). The
concentration of ACTZ in the urine sample was 5.05�105 ng mL�1

(2.27 mmol L�1), so the result was positive, as expected. Con-
firmation of the positive result was performed in a similar way by
counterproof analysis, which gave a value of 4.77�105 ng mL�1

(2.14 mmol L�1) of ACTZ. There was a relatively small difference of
5.5% between the two values, confirming the positive result ob-
tained for doping with ACTZ.
4. Conclusions

The electrochemical bio-inspired sensor based on the oxo-
manganese-phenanthroline complex showed catalytic properties
in the electrooxidation of acetazolamide. The sensor provided high
sensitivity, enabling the detection of low concentrations of ACTZ,
and exhibited biomimetic characteristics, which were investigated
using the Michaelis–Menten model. The applicability of the tech-
nique for the determination of acetazolamide in real samples was
evaluated using three different synthetic biological fluids (plasma,
saliva, and urine). Doping control analysis of ACTZ in a real urine
sample confirmed the viability of the bio-inspired sensor as a new
and promising platform for this type of analysis. The same elec-
trode surface could be used for more than 500 separate
determinations.
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