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Abstract

Anascorbate sensor based on a glassy carbon electrode modified with a cellulose acetate polymeric film bearing 2,6-dichloro-
phenolindophenol (CA/DCPI-CME) was constructed. The overall reaction obeys a catalytic regeneration mechanism (EC
mechanism) and the electrochemical rate cons¢afur the electrocatalytic oxidation of ascorbic acid was evaluated. The
modified electrodes were mounted in a flow injection (FI) manifold, poised1®0 mV versus Ag/AgCl/3M KCI at pH
6.5 and utilized for the determination of ascorbic acid in beverages and pharmaceuticals. Good correlation with a reference
method was attained. Interferents of various molecular sizes were tested. Calibration graphs were linear over the range 0.02-1
and 0.1-6 mM ascorbic acid for CA/DCPI sensors hydrolyzed in KOH and Zs@ution, respectively. The throughput
was 25 samples per hour and the CV was for a 0.4 mM ascorbic acid solutiomg:I8)(and 1.2%1=10) for CA/DCPI
sensors hydrolyzed in KOH and ZnCiolution, respectively. The recovery was 92—-110%. The sensors showed very good
repeatability and operational stability. ©2000 Elsevier Science B.V. All rights reserved.

Keywords:Electrochemical determination of ascorbic acid; Controlled porosity cellulose acetate film; Beverages; Pharmaceuticals; Flow
injection analysis; 2,6-Dichlorophenolindophenol

1. Introduction fections and slows down the rate at which wounds and
fractures heal [1]. The amperometric determination
Ascorbic acid (vitamin C) has an important role of ascorbic acid is based on its electrochemical oxi-
in body health as it is necessary for the formation of dation. At bare platinum or glassy carbon electrodes,
collagen, assists in the absorption of iron by promot- the reaction proceeds at potentials abev&00 mV.
ing its reduction to the ferrous state and lack of it However, at chemically modified electrodes (CME),
provokes increased susceptibility to many kinds of in- the necessary overpotential is lowered substantially
[2]. CMEs based on polyvinylferrocene [3], or on
"+ Corresponding author. Tek:30-651-98346: _7,7,8_,8-tet_racyanoql_1inodimethane (TCNQ) in con-
fax: +30-651-98407. junction with tetrathiafulvalene or ferrocene [4] have
E-mail addressmkaragia@cc.uoi.gr (S.M. Tzouwara-Karayanni). been proposed. Screen printed electrodes based on
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TCNQ [5] or cobalt phthalocyanine [6] have also been and DCPI according to the reaction scheme presented
reported. Kissinger and his colleagues have proposedin Fig. 1.

a method for the determination of ascorbic acid and

dehydroascorbic acid using liquid chromatography

with ultraviolet and electrochemical detection [7,8]. 2. Experimental

Recently, CMEs containing Fe(lll)Y zeolite [9] or

zeolite molecular sieves [10] were applied for the 2.1. Reagents

detection of ascorbic acid in aqueous solutions.

Problems associated with electrochemical detectors, 2,6-dichlorophenolindophenol (DCPI) sodium salt
such as fouling and selectivity, could be potentially dihydrate (G2HgCl2NNaO;-H,0O, Cat. No. 103028),
faced combining the advantages of working at low aluminum oxide (particle size 03n) and potassium
redox potential of the mediator and the permselec- hydroxide (pro analysis) were obtained from Merck
tive properties of a polymeric membrane employed in (Darmstadt, Germany) and were used without further
the probe [11,12]. In membrane-based electrochemi- purification. Cyclohexanone (9%9) and acetone
cal devices, characteristics of great analytical interest, (99+%) were supplied by Sigma—Aldrich Chemie
such as retention of mediators, co-factors or activa- GmbH (Steinheim, Germany). Ascorbic acid (dis-
tors, sufficient permeability to analyte, extension of odium salt) and cellulose acetate (CA) (approximately
response linearity over the environmental concentra- 40% acetyl) were purchased from Sigma (St. Louis,
tion range, could be achieved [13]. USA). Zinc chloride was obtained from Riedel-de

The present work explores the construction of an Haen (Seelze, Germany). All other chemicals were of
analytical device with the required properties of in- analytical grade from Merck and Sigma.
terferents diffusion restriction through a controlled Working solutions of ascorbic acid (10 mM) were
porosity cellulosic film and a highly reactive medi- prepared daily by dissolving 0.0176 g of ascorbic acid
ator towards ascorbic acid [14,15]. This approach in 10.0 ml of the working buffer solution (50 mM phos-
provides the feasibility for a sensitive, reliable, easy phate in 50 mM KCI, pH 6.5).
to perform and fast method for the determination of  For the validation experiments, a DCPI solution
ascorbic acid in beverages and pharmaceuticals. To(1 mM) was prepared by dissolving 0.0816 g of DCPI
our knowledge, this is the first sensor dealing with the in 250ml of distilled water. The concentration of
electrochemical determination of ascorbic acid using the solution was checked before analysis by mea-
2,6-dichlorophenoclindophenol (DCPI) as a mediator suring its molar absorptivity at the isosbestic point
and based on the redox reaction between ascorbic acides,=8600 I molt cm~1 [16].

0O OH
Cl Cl Cl Cl
OH OH o o0
| Il Il
— k 1
f
CH,OH—CH—HC /C=0 + N —> CI'IQOH_(!:H_I'K:\ /C=O + NH
OH Y OH 0o
OH OH
[AAJred [DCPIJox [AA]ox [DCPI]red

Fig. 1. The redox reaction scheme between ascorbic acid and DCPI.
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2.2. Apparatus 2.5. Membrane modification and electrode assembly

All electrochemical experiments were conducted CA/DCPI membrane was prepared by dissolving
with a computer controlled potentiostat, the Autolab 0.0326 g (1 mM) of DCPI to 100 ml of 1% CA solu-
Electrochemical Analyzer (Eco Chemie, Utrecht, The tion. The latter was prepared by dissolving 1g of CA
Netherlands). The flow injection (FI) experiments in a mixture of 55ml of acetone and 45 ml of cyclo-
were carried out using an in-house fully automated hexanone. 1Ql of the solution was pipetted onto the
FI manifold. A detailed description of the FIA mani- surface of the probe and left to air dry, leaving a thin
fold and the resident program, which was employed polymeric film bearing DCPI. Membranes were then
for the full control of the FI components, is given hydrolyzed in a 0.07 M KOH or in a 3.2 M Zn&ko-
elsewhere [17]. The working electrode was a glassy lution [18].
carbon electrode (MF-2070, 3mm diameter, BAS, Modified electrodes were immersed in a stirred base
West Lafayette, IN, USA) used in a wall-jet type or inorganic salt solution for 20 and 16 min, respec-
flow through detector (Metrohm 656, volumel ., tively, washed thoroughly with double distilled water
Herisau, Switzerland). and then immersed in a stirred solution of the sup-

Cyclic voltammetry experiments were performed porting electrolyte for 10 min to wash out the resid-
with a voltammetry cell (VC2, BAS) using glassy ual solvent. CA/DCPI-CME was then incorporated in
carbon as the working electrode, an Ag/AgCI/3M the electrochemical cell of the FI manifold and left to
KCI reference electrode (BAS) and a Pt wire as aux- equilibrate with the working buffer while applying the
iliary electrode with a gold connecting pin (BAS). working potential.

The total effective electrode area was determined by
chronocoulometric measurements in hexacyanofer-

rate(lll) (D°=7.63x10®cn?s™1) and found equal _ _
to the geometrical one. 3. Results and discussion

23 Procedure 3.1. Permeability studies of the polymeric film
The permeability of the cellulose film increases
upon increasing the hydrolysis period. The depen-
dence of the catalytic current on the hydrolysis time
is illustrated in Fig. 2. Hydrolysis in 0.07 M KOH or
in 3.2M ZnCh takes place in a well-stirred solution
of the hydrolysis agents and a sufficient permeability
for ascorbic acid is achieved after 20 and 16 min, re-
spectively. At this extent of hydrolysis, the catalytic

solutions of ascorbic acid were introduced as short current is almost 70% of the maximum catalytic cur-
rent in the case of Zngltreatment and more than

pulses of 13@. via the loop injection valve. The peak 80% in the case of alkaline treatment. As maximum

height of the current response was taken as a rneasurecatalytic currents were taken the responses obtained
of the ascorbic acid concentration.

after 20 or 24 min of hydrolysis using Znglor
KOH, respectively. Furthermore, high selectivity to-
2.4. Sample preparation wards compounds with higher molecular weight and
superior retaining properties of DCPI in the poly-
Juice and sport drink samples were directly diluted meric film were obtained. It is important to clarify
in 10 ml of working buffer, while carbonated samples that any increase in the catalytic current is due to
were sonicated (15 min, 100 W) prior to use. Pharma- the easier permeation of the ascorbic acid through
ceutical tablet solutions were prepared by dissolving the film and has no relation with the electrocat-
each tablet in the working buffer solution. alytic properties of the reaction studied. Permeability

The applied potential for the FI measurements was
+100mV (versus Ag/AgCI/3M KCI). After the po-
tential had been applied to the modified electrode,
the background current was allowed to decay to a
stable value under continuous flow (1-2nA within
20-35min). The carrier (0.05M phosphate buffer in
0.05M KCl, pH 6.5) stream was pumped continuously
at a flow rate of 0.32mImint. Standard or sample
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3.2. Electrocatalytic oxidation of ascorbic acid

1
The reduction of DCPI by ascorbic acid has been

08 studied kinetically by the stopped-flow technique. The
;3(. 06 reaction is first-order with respect to the reactants
s - and reaction rate constant of %60* mol~1s~! has

04 been calculated [14]. Fig. 3 shows cyclic voltammo-

oz grams obtained with CA/DCPI modified electrodes

treated with KOH for 15 min (I), 20 min (ll) and with
0 ZnCly (1) in the presence of different concentrations
4 6 8 10 12 14 16 18 20 22 24 26 of ascorbic acid at pH 6.5. There is aSigniﬁcant in-
Hydrolysis time/min crease in the current at the potential where [DGPI]
(EY=74-79 mV) is formed, compared to the current
Ei%rgi Elirfn:'g?:;e -O)féh(;ﬁtzg:f ac:(;f;f;t :;azsl\cﬂoét::é ;‘S:i;:uon the recorded at this potential in the absence of ascor-
tizn. BYJffer: 0.25M phosphate in 0.5M KCI, pH 6.5. The catalytic bic .aCId' This behavior In.dlcates a strong ele.CtrOFat_
currents of ascorbic acid were obtained with a CA/DCPI-CME alytic effect and can be interpreted by the diffusion
and corrected for the anodic currents observed in the absence of Of ascorbic acid present in the solution through the
ascorbic acid. CA film, thus reducing the electrochemically produced
[DCPIJox- The anodic current increases proportion-
ally with the concentration of the reductive species
studies have also been performed in the absence ofand a shift of the anodic potential is observed as the
DCPI (glassy carbon covered with CA) recording sweep rate is increased, indicating that a kinetic lim-
the oxidation current of different reductive species at ited regime dominates in the reaction between the
their oxidation potential. Comparison of these results DCPI and ascorbic acid. However, plot (Fig. 4) of the
shows that DCPI may be involved in the hydrolysis catalytic peak current is increased linearly with the
mechanism since, in its absence, the same perme-square root of the sweep rate, suggesting that, at suf-
abilities were achieved after 22—23 min of hydrolysis ficient overpotential, the reaction is transport-limited
[18]. [19].
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Fig. 3. Cyclic voltammograms illustrating the catalytic oxidation of ascorbic acid mediated by immobilized DCPI in a cellulosic membrane
treated with (1) 0.07M KOH for 15min, (II) 0.07M KOH for 20 min and (Ill) 3.2M ZngCfor 16 min. (a): CVs of CA/DCPI-CME in

a buffer solution, (b) CVs of the same CA/DCPI-CME in a buffer solution containing 3mM ascorbic acid and (c) 6 mM ascorbic acid.
Scan rate: 50 mV's'. Buffer: 0.25M phosphate in 0.5M KCI, pH 6.5. Surface coverage: (I) 0.19 nmofertil) 0.11 nmolcnt?, (I11)

0.18 nmol cn?,



A.B. Florou et al./Analytica Chimica Acta 409 (2000) 113-121

1,6

U
1,4

1.2

T T 1 LI

(n

/A

08
06

04

| TR N TR (SN SN [N TR Y TON A S T S T N |

4 8 12

0,2
16 20 24 28 32 36 40
vZ/(mV s)12

Fig. 4. Variation ofl,; with the square root of the scan rate
for the DCPI/CA-CME hydrolyzed in 0.07 M KOH for 20 min in
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Fig. 6. Variation of the sweep rate-normalized current with

the sweep rate for CA/DCPI modified electrodes in the pres-

the presence of 3mM ascorbic acid. Embedding cyclic voltam- €nce of 3mM ascorbic acid. Buffer: 0.25M phosghate in 0.5M
mograms represent the experimental data for scan rates: (I) 10, KCl, pH 6.5. Surface coverage®() 0.05nmolcm and @)

20, 50, 70, 100mV's! and (Il) 150, 200, 400, 600, 800 mV'&
Buffer: 0.25M phosphate in 0.5M KCI, pH 6.5. Surface coverage:
0.05 nmol cnt2.

0.12 nmol cnt2.

where D and C* are the diffusion coefficient and

A current measurement-based diagnostic test wasthe concentration of ascorbic acid, respectively. The

utilized for the identification of the mechanism illus-
trated in Fig. 5 [20]. A catalytic regeneration mech-

other symbols have their usual meaning. Low val-
ues of ki result in values of the coefficient lower

anism (variation of the EC mechanism) was justified than 0.496. For low sweep rates (2-10mVs
by the shape of the plot of the sweep rate-normalized an average value of this coefficient, of 0.120, was

current {/\v1/2) versus sweep rate (Fig. 6).

3.3. Determination ofk

found for a CA/DCPI electrode with a coverage
of I'=1.66x10"1"molcm2 in the presence of
3x103moll~1 ascorbic acid. The diffusion coeffi-
cient of ascorbic acid under the specific experimental

Andrieux and Saveant [21] developed a theoretical conditions (through CA membrane) was calculated as

model for such a mechanism and derived a relation D°=2.5x10" cr¥ 5;21 1[/128]-* 12
between the peak current and the concentration of the  ValUe ical[NFADY2VY/2C*(nF/RT)*/?] was calcu-

substrate for the case of slow sweep rajeafid large
catalytic rate constark according to the Eq. (1):

1/2
F
icat = 0.4961 FADY2y1/2C* <”—) 1)

RT

o

k
[DCPI]reg ———— [DCPI]ox

TS

Ascorbic acid

Dehydroascorbic acid

Fig. 5. Catalytic regenerated EC mechanism, whiteis the
electrochemical rate constant of the DCPI redox couple within
the film andk; the electrochemical rate constant for the catalytic
oxidation of ascorbic acid present in the solution.

lated from the corresponding cyclic voltammograms
of the CA/DCPI electrode in the presence of ascorbic
acid and then the value of ldg[/DY/2vY/2C*(nF/
RT)Y2] was determined graphically from Fig. 1(b)
in the article of Andrieux and Saveant [21]. A rate
constant of 1.%10* M~1s~1 (pH<3) was calculated.
Comparison with reported values shows that the
reaction which takes place in the polymeric film, and
exhibits a rate constant larger than the reaction in
homogeneous solution at pH 6.5 [14,22]. Catalytic
rate constant can be also evaluated by double-step
chronocoulometry from the ratio of the total charge
in the forward and the reverse steR{Q) [23] or

with rotating disk voltammetry [24]. However, An-
drieux and Saveant’'s approach was selected as it is
convenient and accurate [19].
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Fig. 7. Response of ascorbic acid at different applied voltages Fig. 8. Determination of K. (A) Plot of peak potentials vs.
for (M) bare glassy carbon electrode a@)(CA/DCPI modified pH for ascorbic acid oxidation with CA/DCPI-CME treated in
electrode hydrolyzed for 20 min in 0.07M KOH. Buffer: 0.05M  0.07M KOH for 20 min. Plots of M) peak potentials and@)
phosphate in 0.05M KClI, pH 5. Flow rate: 0.32 mlmin Sample formal potentials vs. pH for DCPI immobilized in the cellulose
volume: 13Qul. acetate membrane hydrolyzed in 0.07M KOH for 20 min. Scan
rate 20mV s1. Buffer: 0.25M phosphate in 0.5M KCl.Ka and
pK, are referring to the dissociation constants of DCPI and are
Fig. 7 illustrates FIA-peak currents recorded at dif- found to be 5.2 and 7.4, respectively.

ferent applied voltages for bare and CA/DCPI mod-
ified electrodes. These results (see also CV-grams in
Fig. 3) are a strong evidence that a fast and almost [26]. As can be seen from Fig. 8, the oxidation poten-
quantitative oxidation of ascorbic acid can be achieved tial of ascorbic acid follows that of the formal (or the
in the presence of the DCPI in the cellulosic film. The oXidation peak) potential of the DCPI [18]. The de-
mediator achieved a more than 370 mV lowering of Protonation of ascorbic acid, according to the experi-
the overpotential for the oxidation of ascorbic acid in mental results, is independent, as expected, of that of
the film, indicating very efficient electrocatalysis. In DCPI.
all cases, the current intensities for the mediated elec-
trodes are higher by a factor of 3—4 compared to these 3.5. Working conditions
for the bare electrodes.
The pH value of the working buffer was investigated
3.4. Determination of pKof ascorbic acid covering the pH range 6-8. A narrow pH range was
selected since the efficiency of the sensor with respect
The dependence of the oxidation peak potential of to pH is also affected by the value of the formal poten-
ascorbic acid on the pH was investigated by cyclic tial (EY) of the DCPI. In the selected range, we can
voltammetry. As theEp is directly related to the for-  assume that a bias has not occurred skE¢ds rank-
mal potential of the redox couple, it is useful for qual- ing between 0 and 150 mV. At pH 6, the efficiency of
itative analysis of electroactive species [25]. The vari- the sensor decreases due to the non-quantitative oxida-
ation E as a function of pH (Fig. 8) clearly indicates tion of DCPI at the applied potential of 200 mV, while
that the peak shifted to more negative potentials with for values higher than 6.5, the efficiency of the sensor
increasing pH. The slope of the line {95 mV (pH remains low due to the small chemical rate constant of
unit)~! between pH 3 and 4.25 in accordance with a the reaction in this pH range [14]. The optimum pH is
2e /3H* and —63mV (pH unity ! between pH 4.25 6.5 as shown in Fig. 9. The efficiency of the sensor was
and 8 in accordance with a 22H™ electron reaction.  also investigated in dependence of the flow rate (reac-
pKa was determined graphically by the intersection of tion time) in the range 0.2—0.7 ml mih. An overall
the two straight lines at pH 4.25 and coincides with flow rate of 0.32 mI min! which reconciles fairly high
the literature value of 4.1 for the< of ascorbic acid peaks and satisfactory sample throughput (25 was
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Fig. 9. pH profile of the ascorbate chemical sensor. Buffer: 0.25M
phosphate in 0.5 M KCI, Ascorbic acid concentration: 1 mM. Flow
rate: 0.32mimin!. Sample volume: 13@l. Applied potential:
+0.1V.

finally selected. A sample volume of 130was used
as it prevented peak broadening (dispersion coefficient
1.19-1.23) and ensures high sensitivity.

3.6. Interferents

Interference from various reductive species present
in real samples was investigated by applying the
method of mixed solutions in the presence of 0.4 mM
ascorbic acid. Interferents were added at concentra-
tions much higher than those normally present in the
real samples. Experiments were carried out immedi-
ately after the addition of ascorbic acid, preventing
any loss due to its oxidation by the air. The relative
responses are illustrated in Table 1. Only sodium sul-
phide exhibits significant positive interference (364%
at a 10-fold concentration). Since sodium sulphide
rarely co-exists with ascorbic acid in real samples, its
interference is not important. Dopamine interference
(133% at the same concentration with ascorbic acid)
is also not important, as even in the extracellular
fluid of the central nervous system, its concentration
level is three orders of magnitude smaller than that of
ascorbic acid [27].

3.7. Application to real samples

Under optimum conditions, calibration curves,
currenthA=f([ascorbic acid/mM]), were constructed

119

Table 1
Interference effect of various compounds on the assay of ascorbic
acid®

Interferent Relative activity (%)
None 100
Paracetamol (4) 97
Uric acid (4) 99
Ampicillin (4) 99
Dopamine (0.4) 133
Cysteine (4) 102
Homocysteine (4) 98
Theophylline (4) 97
Sodium sulphide (4) 364
Sodium sulphite (4) 96
Glutathione (4) 96

aThe values in parentheses are the concentrations of the com-
pounds in mM. All solutions contained 0.4 mM ascorbic acid and
were compared with the activity of pure 0.4mM ascorbic acid
taken as 100%.

applying the least squares method. Using CA/DCPI
membrane hydrolyzed with 0.07 M KOH for 20 min,
a linear relation was obtained between the re-
sponse and the ascorbic acid concentration in
the range 0.02-1mM, with a correlation coeffi-
cient r=0.9992 (Fig. 10(l)). Data fit the equation
y=(3.40+0.67H(177.93L2.62) [ascorbic acid/mM].
The detection limit was 0.01 mM ascorbic acid for a
signal to noise ratio of 33N=3) and the coefficient
of variation (CV) of the method was 0.78-£14) for
0.4 mM ascorbic acid (Fig. 10(1l)).

1

10

)

IV

Fig. 10. (I) FIA-grams for ascorbic acid with a CA/DCPI-CME
treated with 0.07M KOH for 20 min. Peaks 2-11 correspond to
concentrations within the linear range, while peak 1 represents a
concentration of 0.01 mM ascorbic acid. (Il) The reproducibility of
the method for 0.4 mM ascorbic acid=14. Buffer: 0.05M phos-
phate in 0.05M KCI, pH 6.5. Flow rate: 0.32mlmih Sample
volume: 13Qul. Applied potential:+0.1V.
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Table 2

Determination of ascorbic acid in various real sanles

Sample Dilution ratio  Proposed metfofmg/100ml)  Reference methddmg/100ml)  Relative error (%)
Orange juice (IVIY 11 8.52 8.70 -21
Carrot & fruits juice (Amitaj 11 6.39 6.50 -17
Blackcurrant juice (Ribena) 11 21.31 21.20 +0.52
Sport drink (Refresh) 11 15.69 15.80 -0.7
Ice tea (Lipton) 11 3.29 3.35 -1.8
Orange juice (Kliafag) 5 not detected - -
Lemon juice (IVIf 11 2.70 2.68 +2.00
Orange juice (ISOTON) 11 2.70 2.75 -1.80
Supradif§ 20 10.92 11 —0.70
Upsavif 20 42.27 425 —0.54
Aspirin+Vit. C® 20 67.63 66.5 +1.67
Salospik-Vit. C® 20 84.54 85 —0.54
Cebiorf 40 290 293 —1.00
Redoxoff 40 310 302 +2.60
Cal-C-Vitef 40 290 285 +1.70

aThe standard deviation of the mean ranges from 0.02 to 0.08 mg/100 ml.
b Average of three runs.

¢ Titrimetric method with DCPI [28].

d Greek non-alcoholic beverages.

€Each tablet was diluted in 100 ml of the working buffer.

By using CA/DCPI membrane, hydrolyzed with 0.04mM ascorbic acid and 1.210) for 0.4 mM
3.2M ZnCh for 16 min, a linear calibration curve ascorbic acid, respectively.
for the concentration range 0.1-6 mM ascorbic acid The proposed method was applied to pharmaceu-
was plotted. The equation for the straight line was ticals and non-alcoholic beverages for the determina-
y=(0.61+0.34H4-(27.16+0.11) [ascorbic acid/mM] tion of ascorbic acid. The results for various samples
with correlation coefficientr=0.9995. The detec- are summarized in Table 2. Each sample of bever-
tion limit (SYN=3) and the CV of the method were ages required a minimum dilution of-1.0, while for

Table 3

Recovery of ascorbic acid added to real samples

Sample Added %1074 M) Found (x10~* M) Recovery (%)
Orange juice (IVI) 0.8 0.86 107
Carrot & fruits juice (Amita) 0.5 0.53 106
Blackcurrant juice (Ribena) 1.0 11 110
Sport drink (Refresh) 15 1.68 112
Ice tea (Lipton) 2 2.25 112
Orange juice (Kliafas) 2 2.18 109
Lemon juice (IVI) 2 1.83 92
Orange juice (ISOTON) 2 2.17 108
Supradin 15 14 94
Upsavit 3 2.9 97
Aspirin+Vit. C 2 2.2 110
Salospir-Vit. C 25 2.4 96
Cebion 1 1.01 101
Redoxon 1 1.06 106

Cal-C-Vita 1 1.03 103
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pharmaceutical samples, a dilution 6f39 is recom- [3] M. Petersson, Anal. Chim. Acta 187 (1986) 333.
mended. The results were compared with those ob- [4] J. Kulys, A. Drungiliene, Electroanalysis 3 (1991) 209-214.
tained using the official titrimetric method with DCPI [ J17 gu'ys' E.J. D'Costa, Anal. Chim. Acta 243 (1991) 173—
[28]. The mean relative errors were 1.52 and 1.25%, (6] SA Wring, J.P. Hart, L. Bracey, B.J. Birch, Anal. Chim.
respectively. The accuracy of the method was also Acta 231 (1990) 203-212.

verified by recovery studies adding standard ascorbic [7] L.A. Pachla, D.L. Reynolds, P.T. Kissinger, J. Off. Anal.

acid solutions to samples. Recoveries of 92-110% Chem. 68 (1985) 1-12.
were achieved. as shown in Table 3 [8] P.T. Kissinger, L.A. Pachla, Food Technol. 41 (1987) 108—

111.
- [9] M.Z. Zou, H.D. Xu, J. Lu, Q.H. Ru, Clin. Chem. Lett. 8
3.8. Stability of the sensor (1997) 247-250.

[10] B. Chen, N.K. Goh, L.S. Chia, Electrochim. Acta 42 (1997)

The operational stability of the sensor was studied " 595\/;604- T Goden R Li Anal. Ch L088) 1642
by continuous exposure to the flow stream. As a result, | 11645""”9‘ - Golden, R. Li, Anal. Chem. 60 (1988) 1642—
the final CA/DCPI-CME activity (current response 1 5. wang, P. Tuzhi, Anal. Chem. 58 (1986) 3257-3261.
versus initial current respong@00%) was higher than  [13] A. Maines, A. Cambiaso, L. Delfino, G. Verreschi, I. Christie,
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