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Abstract
The assay of acetaminophen (APAP) and ascorbic acid (AA) was performed by liquid chromatography (LC) with
amperometric detection at a screen printed carbon based electrode poised at +0.6 V versus Ag pseudoreference
electrode. A microparticle based conventional RP-C18 and a monolithic RP-C18 column were studied comparative-
ly for the analytes separation using a mobile phase based on 0. 1 M phosphate buffer-methanol 91 :9 (v/v) at pH 6.5.
The linear calibration range for both compounds was comprised within 2�10�7–1� 10�4 M. Limit of detection
(LOD) for APAP and AA was 2� 10�7 and 5�10�7 M, respectively and the limit of quantification (LOQ) was 5.
10�7and 1� 10�6 M, respectively. Square wave voltammetry at a Nafion modified glassy carbon electrode was devel-
oped and applied to the determination of APAP in order to validate the results obtained by the monolithic LC
method for drug formulations.
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1 Introduction

Acetaminophen (APAP) is a very popular analgesic and
a nonsteroidal moderate anti-inflammatory drug. It is a
non carcinogenic and an effective substitute of aspirin for
patients who cannot tolerate aspirin. At normal therapeu-
tic doses, APAP is rapidly and extensively metabolized by
undergoing glucuronidation and sulfation to inactive me-
tabolites which are eliminated in urine along with 5 % of
APAP being eliminated unchanged [1–3]. Overdoses of
APAP may cause several severe disorders such as hepatic
and renal necrosis [1–4]. The hydrolysis of APAP princi-
pally generates p-aminophenol (PAP) which could be
present in pharmaceutical preparations as a degradation
product of APAP or as a synthetic intermediate. PAP has
been reported to exhibit serious side effects and terato-
genic problems as well as nephrotoxicity [1] The accepta-
ble limit of PAP in the drug raw material is 0.005 % and
0.1 % w/w in tablet formulations [5, 6].

A very large number of analytical techniques for the
determination of APAP in biological fluids and pharma-
ceutical formulations have been published such as direct
redox titrimetry, UV-vis spectrophotometry, fluorimetry,

infrared spectrophotometry, electrochemistry (EC), liquid
chromatography or capillary electrophoresis coupled to
UV-vis, amperometric and mass spectrometric detectors,
flow injection analysis using different methods of detec-
tion such as UV-vis and EC detectors. A thorough review
on APAP determination in pharmaceutical and biological
samples has recently been published [7]. Electroanalytical
methods are well suited for APAP determination since
the molecule is readily oxidized at a low applied poten-
tial. Differential pulse or square wave voltammetry at
bare [8, 9] or modified electrodes [10–33] and amperome-
try coupled to liquid chromatography [34,35] or capillary
electrophoresis have been described [36].

Ascorbic acid (AA) is an essential human nutrient and
an important compound from the clinical and the food in-
dustrial points of view. It is well known that it is one of
the major interfering species in electroanalysis which may
often be encountered in biological fluids and in drug for-
mulations. AA can be present in some APAP formula-
tions since it has been reported to have a protective role
in vivo with respect to APAP hepatotoxicity [37] although
some controversy exist on this matter [38]. The oxidation
potential of AA is rather close to the oxidation potential

Electroanalysis 2011, 23, No. 1, 29 – 36 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 29

Full Paper



of APAP at a bare electrode in physiological pH
[9, 19,22], precluding its determination without any previ-
ous separation step or electrode surface modification
[19,22]. The determination of AA by electrooxidation
with conventional electrodes, such as Hg, Au, Pt, and
glassy carbon electrode (GCE), is hampered due to a
sluggish electron transfer giving rise to low response cur-
rents spread over a large potential domain. This problem
can eventually be solved by electrode surface modifica-
tion with a redox mediator [19,22], surface activation or
by dispersion of metal oxide particles onto the surface
[39].

Some recent methods have utilized screen printed
carbon based electrodes for the individual determination
of p-aminophenol [40], acetaminophen [41] and ascorbic
acid [42,43] in a flow injection analysis set up. The tech-
nology based on screen-printing of carbon or metallic
based pastes onto various solid substrates allows for mass
production of EC detectors in a reproducible manner
[44,45] opening new horizons in LC-EC. The SPEs have,
however, seldom been applied to LC chromatography
and monolithic LC columns have till now seen limited
coupling to electrochemical detectors [46]. Such columns
exhibit a lower back-pressure and separations are per-
formed with a shorter analysis time compared to conven-
tional microparticles based columns as reported in thor-
ough recent review articles [47,48].

The aim of the present work was the development of a
rapid and sensitive method for simultaneous quantifica-
tion of acetaminophen and ascorbic acid by a monolithic
based LC coupled to a single wall carbon nanotube based
SPE housed in a wall-jet flow cell configuration. The ana-
lytical usefulness of the proposed electrochemical meth-
odology was demonstrated by the determination of these
two molecules, single or combined, in some pharmaceuti-
cal formulations.

2 Experimental

2.1 Chemicals and Reagents

Acetaminophen was supplied by SERVA (Heidelberg,
Germany) and p-aminophenol, ascorbic acid and sodium
hydroxide by ACROS organics (Geel, Belgium). Sodium
di-hydrogen phosphate di-hydrate was from Fluka/chemi-
ka. Formic acid 85%, di-sodium hydrogen phosphate di-
hydrate, sodium nitrate were of analytical grade from
Merck (Darmstadt, Germany). Methanol HPLC-grade
and EDTANa2H2, were of analytical grade from VWR
Prolabo (Belgium). Nafion perfluorinated ion-exchange
resin 5 % wt was from (Aldrich, Germany) and used after
dilution 2.5 % with ethanol.

EfferalganVitamine C drug was from UPSA (France)
and contained: APAP 500 mg, AA 200 mg, citric acid an-
hydrous, sodium bicarbonate, sodium carbonate anhy-
drous, sorbitol, sodium benzoate, citrus aroma, saccharin
sodium, povidone, docusate sodium.

Dafalgan was from Bristol-Myers Squibb (Belgium)
and contained: APAP 500 mg, hepromellose, povidone,
croscarmellose sodium, microcristalline cellulose, glycerol
behenate, magnesium stearate.

2.2 Apparatus

A BASi EPSILON potentiostat with a C3 Cell Stand
served for cyclic voltammetric experiments at the SPE
and glassy carbon electrode (GCE). Square wave parame-
ters were: quite time 30 s, frequency 15 Hz, SW amplitude
25 mV. The pH of the solution was controlled with a Met-
rohm 827 pH Lab system. All experiments were per-
formed at room temperature (23 8C). The GCE was from
Metrohm, (Switzerland).

The LC system consisted of a Gilson 307 pump (USA)
connected to a 20 mL sample loop injector (Rheodyne N8
7125, USA), a flow-cell (DRP-FLWCL, Dropsens, Spain)
for housing the single wall carbon nanotube based SPE
(DropSens, Spain) coupled to a Powerchrom 280 (eDAQ
Europe) integrator. The LC mobile phase was kept over-
night at a low flow rate (50 mL/min) with the EC detector
at off position.

A reversed-phase column, Chromolith FastGradient
RP-18 endcapped 50-2 packed with 2 mm C18 monolithic
silica, and a 125-4 endcapped conventional column
packed with 5 mm C18 silica reversed-phase particles (Li-
chrospher 100 RP-18-5 mm) equipped with a guard
column packed with the same C18 material, were used.
These two columns were obtained from Merck (Darm-
stadt, Germany). Drug formulation assays were per-
formed using a mobile phase based on 0.1 M phosphate
buffer (PB) pH 6.5 and methanol in the ratio of 91 :9
(v/v). The mobile phase was degassed by nitrogen bub-
bling.

Stock solutions were prepared daily by dissolving and
ultrasonicating aliquots of APAP and AA in buffer solu-
tion to obtain a 4 �10�3 M stock solution of each. The
standard solutions were prepared by dilution of stock sol-
utions of APAP and AA to reach a concentration range
within 2 �10�7–1 �10�4 M for each substrate for the LC–
EC experiments and within 2 � 10�5–1 �10�3 M of APAP
for the SWV-GCE experiments. AA solutions were de-
gassed by nitrogen bubbling.

Sample preparation was carried out by mixing and ho-
mogenizing the content of 8 tablets in mortar. An accu-
rately weighed amount was dispersed in buffer solution
and ultrasonicated for 2 min. A portion of the resulting
solution was filtered through a 0.45 mm disposable syringe
filter and diluted with the mobile phase prior analysis by
LC. Peak asymmetry factors, and resolution were calcu-
lated by the Powerchrom 280 incorporated software and
statistic data were obtained using the Statistix program
(Analytical Software).

The preparation of the Nafion modified GCE consisted
in manually smoothing the GCE with a 0.5 mm alumina
slurry, rinsing and sonicating in HNO3- ethanol 1 :1 (v/v),
then rinsing with deionized water and allowing air-drying.
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The electrode surface was spiked with 10 mL of the 2.5 %
Nafion solution and allowed to air-dry at room tempera-
ture, then it was rinsed with water and air-dried at room
temperature.

3 Results and Discussion

3.1 LC Determination

3.1.1 Mobile Phase and pH Effect

Retention times of APAP and AA in formic acid buffer
pH 3.5 were very close to each other at the conventional
C18 column with retention times (tr) of 3.95 and 4.16 min,
respectively. At pH values above the pKa1 (4.1) of AA,
good separation was achieved using phosphate buffer of
pH 7.4 or 6.5 with retention times of APAP equal to 15. 5
and 13. 5 min, respectively, whereas ascorbate was eluted
within one minute. Methanol at a percentage of 9 % (v/v)
was added in the PB solution pH 6.5 allowing short reten-
tion times to be obtained for APAP with tr =3.6 and
0.81 min for APAP and AA, respectively. Under such
conditions, the peak asymmetry factors for APAP were
2.2 and 1.1, and for AA the values were 2.2 and 2.6 at the
monolithic and conventional columns, respectively.

3.1.2 Electrochemical Behavior

The cyclic voltammetry (CV) of APAP and AA at the
SPE was studied in PB-methanol 91 : 9 (v:v) at pH 6. 5.
One single oxidation peak was obtained for both mole-
cules at 0. 198 and 0. 120 V vs. Ag /AgCl electrode, re-
spectively (Figure 1 A and B).

The voltammograms (v=25 mV s�1) exhibited an irre-
versible pattern for AA, and a quasireversible behavior
for APAP (Epa =0.198 V, Epc =0.045 V) in agreement with
literature [40–42]. The APAP electrooxidation has been
extensively investigated in the literature pointing out an
oxidation mechanism very much function of the solution
pH [41,49–51]. In neutral media, a two-electron and two-
proton transfer process occurs to produce the relatively
stable (t1/2 =47 min. ) oxidized product N-acetyl-p-quino-
neimine NAPQI [49–51] (Scheme 1).

It is important to point out that, in neutral media, part
of the formed NAPQI reacts with excess of parent APAP
in solution to form an APAP dimer which may precipitate
onto the electrode surface [50,51].

3.1.3 Amperometric Detection

Liquid chromatography using the conventional C18 or
the monolithic C18 column was studied comparatively in
terms of separation and EC performances. The coupling
with the wall-jet flow cell housing the screen printed elec-
trode was expected to offer several advantages comparing
to a GCE detector, such as wide selection of SPEs and
modified SPEs and reproducible sensor renewing. The
flow cell based on transparent polymethacrylate material
allowed to check for the presence of bubbles in the elec-
trochemical cell. Also an innovative open–close system
based on magnetic bars avoids the use of screws and facil-
itates the replacement of the screen printed electrodes
[41].

Hydrodynamic curves of APAP (1 mM) and AA (1 mM)
were studied in the range from 0 to 0.7 V. (Figure 2). The
current plateau (both using the conventional and the
monolithic columns) was obtained at 0.55 V and 0.20 V
vs. pseudo Ag for APAP and AA, respectively.

The flow rate effect on the analytical signal magnitude
was studied in the range 0.3–1.4 mL/min. The peak cur-
rent (both for APAP and AA) increased by raising the
flow rate (due to lower band broadening and higher flow
velocity at the electrode surface) with a leveling off at the
monolithic and conventional columns beyond 0.5 and
1.4 mL/min, respectively (figure not shown). It should be

Fig. 1. Cyclic voltammograms of 1� 10�3 M; A) APAP, B) AA, PB (0.1 M) pH 6. 5 – methanol 91 : 9 (v:v), scan rate 25 mV/s.

Scheme 1.
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noted that similar results were obtained by plotting peak
area as a function of the flow rate.

Based on these data, an applied potential of 0.6 V and
a flow rate of 0.5 mL/min were selected when using the
monolithic column and 0.6 V and 1.4 mL/min when using
the conventional column. Both molecules eluted within
less than 1 min from the monolithic column and four mi-
nutes from the conventional column with resolution Rs of
1.91 and 5.93 for monolithic and conventional column, re-
spectively (Figure 3). Since the LC separation of APAP
and AA was successfully realized with good resolution,
no further optimization was needed.

The selectivity of the assay towards APAP degradation
product, in particular PAP, was studied as well. The latter
was readily oxidized at the studied SPE with a peak po-
tential in CV at 0.090 V and with the same signal magni-
tude (sensitivity) as for APAP in PB pH 6.5. The three
compounds (APAP, PAP, and AA) were successfully sep-
arated with good resolution using the conventional C18
column with (tr) 3.6, 1.55, 0.81 min, respectively. Lower
mobile phase consumption and lower retention times
with tr1 =0.41 and tr2 =0.91 compared to the conventional
column with tr1 =0.81 and tr2 =3.6 for AA and APAP, re-
spectively prompted us to use the monolithic column in
subsequent work.

Using the latter, the retention time of PAP and AA
was identical while APAP was well separated and no dif-
ference between the peak intensity of APAP in the pres-
ence or in the absence of PAP or AA was observed. It is
worth to mention that, caffeine and codeine, which may
be present in APAP drug formulations, were not interfer-
ing both in the LC-EC and voltammetric assays because
being not electroactive at the selected potential at the
SPE. Calibration curves were obtained by plotting the
peak height of oxidation current of APAP and AA versus
the corresponding concentrations. The correlation coeffi-
cient (r) of all calibration curves were consistently greater
than 0.99. Linear regression equations obtained by least
square regression method were y (nA)=8�107 x(M)+1.
003 and y (nA)=6� 107 x(M)�5.830 for APAP and AA,
respectively.

The repeatability (intra-day), as indicated by the value
of the relative standard deviation (RSD) of 3 replicates of
the slope of the calibration curve, was less than 1.0 and
3.9 % for APAP and AA, respectively. The inter-day pre-
cision was evaluated by recording calibration curves in
the range of 2 � 10�7–5 �10�6 M, for a time period of 5
consecutive days. The RSD of the slopes (N=5) was less
than 1. 4 and 4.0 % for APAP and AA, respectively.

The limit of detection (LOD) and limit of quantifica-
tion (LOQ) were calculated according to the IUPAC rec-
ommendations, as 3. 3 � sb/m and 10� sb/m, respectively,
where sb is the standard deviation of the blank measure-
ments, and m is the slope of the calibration curve [52].
On this basis, the LOD and LOQ of the proposed
method were 2. 10�7 and 5. 10�7 M for APAP, respectively
and 5. 10�7and 1. 10�6 M for AA, respectively. These re-
sults comply very well with the concentration ranges gen-

Fig. 2. Hydrodynamic voltammograms of 1� 10�6 M; A) APAP B) AA at the SWCNT-SPE, monolithic column, flow rate 0.8 mL/
min, PB (0. 1 M) pH 6.5 – methanol 91 : 9 (v/v), N=5.

Fig. 3. LC chromatograms of AA and APAP: A) classic
column, flow rate 1.4 mLmin�1; B) monolithic column, flow rate
0.5 mLmin�1. (1) 1� 10�6 and 5� 10�6 M AA at monolithic and
conventional column, respectively (2) 1.5 �10�6 and 5� 10�6

APAP at monolithic and conventional column. Mobile phase PB
(0.1 M) pH 6.5+methanol 91 : 9 (v/v), Eapp =600 mV
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erally reported in the literature for APAP determination
by electroanalytical methods is reported in Table 1.

In terms of electrode stability, it was noticed that the
SPE provided repeatable injections for a 2. 5 mM APAP
solution (RSD=0.97, N=6). The SPE operational stabili-

ty was one week, then, the signal started to decrease pro-
gressively and a very long time was needed before achiev-
ing a good baseline. The signal decrease was attributed to
progressive surface fouling by the APAP insoluble dimer.
The SPE was disgarded after one week of use since at-

Table 1. Survey of electroanalytical methods for APAP determination. CPE: carbon paste electrode, MWCNT: multiwall carbon
nanotubes, DPV: differential pulse voltammetry, FI: flow injection analysis, AD: amperometry, MIP: molecular imprinted polymer,
SWAdSV: square wave adsorptive stripping voltammetry, CE: capillary electrophoresis.

Working electrode Modifier Detection
mode

Application LOD /
LOQ (M)

Linear range Ref

CPE (APAP) – DPV Plasma,
tablets

– 10�6–10�4 [8]

CPE (AA+APAP) Stearic acid and nonmodified CPE CV Tablets – 10�3–10�2 (AA)
3 � 10�6–7.5.10�3

(APAP)

[9]

Pencil graphite MIP DPV Tablets 7.9 �10�7 5 � 10�6–5� 10�4 [10]
– DPV Tablets – 5� 10�4–5� 10�2

Platinum (APAP) Cellulose acetate-polycarbonate membrane AA Plasma 1� 10�4 – [11]
CPE(APAP) Pumice DPV Urine,

tablets
2 � 10�8 6 � 10�8–1� 10�6 [12]

2 � 10�6–9.8.10�5

GCE(APAP+Caffeine) Nafion/ruthenium oxide pyrochlore SWV Tablets 1.2 �10�6 5 � 10�6–2.5� 10�8 [13]
GCE (APAP, AA, and
DA)

Carbon-nickel magnetic nanoparticles DPV Tablets 2.3 �10�6

4.1 �10�5

(AA)

7.8 � 10�6–1.1�10�4

(APAP)
1.4 � 10�4–1.3�10�3

(AA)

[14]

Nanogold Indium tin oxide DPV Tablets 1.8 �10�7 2 � 10�7–1.5� 10�3 [15]
GC tubular electrode Nafion–enzymatic reaction LSV Serum,

tablets
1.7 �10�5 5 � 10�5–5� 10�4 [16]

Diamond Boron SWV and
DPV

Tablets 4.9 �10�7 5 � 10�7–8.3� 10�5 [17]

GCE 5-Amino-1,3,4-thiadiazole-2thiol AD Plasma 3.4 �10�10 5 � 10�8–5� 10�5 [18]
CPE Thionine-MWCNT DPV Plasma,

tablets
5 � 10�8 1 � 10�7–1� 10�4 [19]

Graphite MWCNT-basal plane pyrolytic SWAdSV Tablets 1� 10�8 1 � 10�8–2� 10�6

2 � 10�6–2� 10�5
[20]

SPE Poly 3,4 ethylene-dioxythiophene CV
DPV
AD(FI)

Tablets 3.6 �10�6

1.39� 10�6

1.6 �10�7

1 � 10�5–1� 10�3

4 � 10�6–4� 10�4

5 � 10�7–6� 10�4

[21]

Gold Tetraoctyl ammonium Br�Au nanoparticles-
1,6 hexanedithiol

AD Plasma,
tablets

2.6 �10�9 1.5 � 10�7–1.34� 10�5 [22]

GC Cadmium pentacyano nitrosylferrate AD Serum,
tablets

2.04� 10�6 1.6 � 10�6–5.3�10�5 [23]

Pyrolytic graphite SWNT SWV Urine,
tablets

2.9 �10�9 5 � 10�9–1� 10�6 [24]

MWCNT SWV Urine,
tablets

1.8 �10�8 2 � 10�8–1� 10�6

GC Graphene SWV Tablets 3.2 �10�8 1 � 10�7–2� 10�5 [26]
Diamond Boron FI/AD Syrup 2� 10�9 0.5�50 10�6 [27]
GCE Cu/Polymer CV/ AD Tablets 5� 10�6 2 � 10�5–5� 10�3 [28]
GCE C60 CV Urine,

tablets
– 5� 10�5–1.5� 10�3 [29]

GCE PANI-MWCNT CV/SWV Tablets 2.5 �10�7 1 � 10�6–1� 10�4 [30]
C/film – FI/AD Tablets 1.4 �10�7 8 � 10�7–5� 10�4 [31]
5H Pencil/lead – FI-CV Tablets – 0.1 � 10�3–5� 10�3 [32]
Pyrolytic graphite – AD(FI) Tablets 1.42� 10�8 1 � 10�6–8� 10�6 [33]

2 � 10�5–1� 10�4

CPE – LC Serum,
tablets

6.6 �10�6

(LOQ)
6.6 � 10�7–6.6�10�5 [34]

LCA – LC Plasma 6.6 �10�8

(LOQ)
1.2 � 10�7–2.4�10�7 [35]

Carbon disk – AD(CE) Tablets 5.9 �10�7 5 � 10�6–1� 10�3 [36]
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tempts to clean (organic solvents, diluted acids) and reuse
of the SPE were unsuccessful.

3.1.4 Assay of a Pharmaceutical Formulation

The utility of the proposed method was demonstrated by
determining the concentration of APAP and AA jointly
present in a commercial drug formulation (EfferalganVit-
amine C). The experimental results are presented in
Table 2. The percent recoveries were between 107.3–
109.1 % for APAP, and 99.9–106.5 % for AA.

3.2 Square Wave Voltammetry

Square wave voltammetry (SWV) at a Nafion modified
GCE was carried out to validate the APAP determination
by LC-EC. The modified electrode, thanks to the pres-
ence of the thin Nafion permselective membrane, allowed
for the direct SWV determination of APAP in the pres-
ence of ascorbate in 0. 1 M PB solution pH 6.5. CV and
SWV measurements were performed to examine the re-
sponse of the Nafion modified and bare GCE toward the
detection of APAP individually and in the presence of
AA. The CV of 1 � 10�4 M APAP at bare and Nafion-

GCE in 0.1 M PB solution pH 6.5 are displayed in Fig-
ure 4A. Oxidation and reduction peaks of APAP where
at 0.510 (a1) and 0.067 (b1) V, respectively at the bare
electrode and at 0.420 (a2) and 0.178 (b2) V, respectively
at the Nafion-GCE. At the Nafion-GCE, a shift of 90 mV
towards less positive potentials was observed for APAP
oxidation current compared to the bare GCE (Fig-
ure 4a2). The observed slightly facilitated oxidation of
APAP at Nafion-GCE was likely due to the hydrogen
bonding between heteroatoms of Nafion film and APAP
molecule, similar hypothesis was reported using nano-
structure film of functionalized thiadiazol modified elec-
trode [18]. The presence of the Nafion thin film, however,
limited APAP diffusion and a lower signal was obtained
at the Nafion-GCE (Figure 4Aa2) compared to the GCE
(Figure 4Aa1).

The electrochemical behavior of APAP and AA in a
mixture at the bare and Nafion-GCE electrodes was stud-
ied in 0. 1 M PB solution pH 6.5. The oxidation peak of
both AA and APAP at the bare GC clearly gave a sub-
stantial signal overlapping (Figure 4B). The signal of AA,
however, was totally eliminated at the Nafion-GCE due
to electrostatic repulsion between ascorbate and Nafion
(Figure 4C). This effect was exploited for the analysis of
APAP by SWV. The latter provided a response linearly
related to the concentration of APAP in the range 2 �
10�5–1� 10�3 M (Figure 4D) with a regression equation: y
(mA)=755 x(M)�9�10�5. The precision, inter-(12 days)
and intra-days, of the assays and the stability of the
Nafion-GCE were studied by realizing assays within the
linear range using the same electrode. No significant dif-
ference was observed between the peak intensity for each

Table 2. Results obtained for APAP and AA determination in
pharmaceutical formulation EfferalganVitamine C (N=5).

Analyte Nominal (mg) Determined (mg) RSD (%)

AA 200 204.4 2.6
APAP 500 541.7 1.4

Fig. 4. CVs of : (A) 1� 10�4 M APAP at bare (a1,b1) and Nafion-GCE (a2,b2), background current (c); (B) mixture of 1�10�4

APAP and AA at bare GCE; (C) mixture of 1�10�4 M of APAP and AA at Nafion-GCE; SWV of: (D) APAP 2�10�5, 5� 10�5, 7�
10�5, 1�10�4, 2� 10�4, 5�10�4, 1� 10�3 M at Nafion-GCE. PB (0.1 M) pH 6.5.
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studied APAP concentration with a RSD lower than
0.8 % (N=5) for all the daily realized calibration curves.
The intra- and inter-day RSD (N=5) of the slope of the
calibration curve, was less than 0.5 and 1%, respectively.
The LOD and LOQ (RSD=0.5%) was equal to 2 �10�5

and 5 � 10�5 M, respectively. SWV at the Nafion-GCE was
applied to the determination of APAP in the presence of
AA (EfferalganVitamine C) and APAP alone (Dafalgan)
in drug formulations as reported in Table 3. Student-t-test
applied to the assay of APAP in EfferalganVitamine C
permitted to state that both techniques (LC and SWV)
provided results for APAP that were not statistically dif-
ferent at a confidence level of 95 % (calculated t value:
1.70, theoretical t value: 2.14).

4 Conclusions

Screen printed electrodes may advantageously be com-
bined as amperometric detector to LC as illustrated by
the present application for the selective assay of paraceta-
mol in drug formulations. Such electrodes are readily re-
placed in a reproducible manner and they are available in
variable shapes, sizes and compositions. The commercially
available used detector was, however, not designed for a
coupling to LC and future technical modification should
be realized in order to minimize the post column dead
volume for improved sensitivity to be obtained. Mono-
lithic columns appear to be well suited for coupling with
EC detectors for high assay throughput and lower mobile
phase consumption compared to conventional microparti-
cles based columns.
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