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Abstract

This work introduce an easy and fast continuous cyclic voltammetric technique for the propose monitoring of ultra trace amounts of
salbutamol in a flow—injection system. The potential waveform, which consisted of the potential steps for cleaning, stripping and potential
ramp, was continuously applied on an Au disk microelectrode (with a radius ofut®.5The detection method we propose has some
advantages, the greatest of which are: (1) removing oxygen from the analyte solution is no longer necessary, and (2) it is a very fast and
appropriate technique for the determination of the drug compound in a wide variety of chromatographic analysis methods. The detection limit
for salbutamol was 2.8 10-° M. The relative standard deviation (R.S.D.) of the proposed technique at 10 ng/mL was 3.5% for 10 runs. The
effects of pH of eluent, accumulation potential, sweep rate, and accumulation time on the sensitivity of the method for the determination of
the salbutamol were investigated. The proposed method was applied to the determination of salbutamol in pharmaceutical preparation and
biological samples.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Literature survey revealed that several techniques have
been adopted for the determination of salbutamol. These
Salbutamol {2-(tert-butylamino)-1-(4-hydroxy-3-(hydr-  include, high-performance liquid chromatography (HPLC),
oxymethyl)phenylethanol}, was also known as albuterol, is HPLC—mass spectrometry (MS), gas chromatography—MS,
clinically the most widely used Badrenoceptor agonist in  electrokinetic chromatography, MS, LC, immunoassay, cap-
the treatment of bronchial asthma (Fig. 1). Depending on their illary electrophoresis, spectrophotometry, polarography, po-
route of administration, Bagonists produce a certainamount tentiometry using ion-selective electrodes, and voltammetry
of anabolic-like effect. The use of salbutamol is therefore re- [4-15].
stricted by the International Olympic Committee (IOC). Itis Stripping voltammetric techniques have the advantages of
only permitted by inhalation and, even then, must be declaredbeing both rapid and economical in the determination of most
in writing to the relevant medical authority prior to the com- organic and inorganic compounds in agueous systems, with
petition [1]. Salbutamol is also applied as a tocolytic agent a sensitivity range of parts-per-billida6]. In fact, because
in humans as well as in veterinary medicine (this drug may of the movement of analyte zone in an electrochemical flow
display lipolytic effect in higher doses) and residues of these cell, application of such techniques in the flowing solutions
compounds, which are most abundant in liver and meat, canrequires fast accumulation of the analyte and fast potential
be toxic to humang,3]. sweeping, which is not appropriate in the case of large elec-
trodeq17,18]. Electrochemical measurements, which are ki-
netically controlled (or in other words, irreversible), are not
* Corresponding author. Tel.: +98 21 6112294; fax: +98 21 6495201,  denerally well-suited to such processes, if performed at solid
E-mail addressganjali@khayam.ut.ac.ir (M.R. Ganjali). electrodes. This resulted from the fact that the surface of the
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OH |CH3 used in the determination of a variety of compounds in a
HOGH, .~ CHCH,NHCCH choice of chrqmatographm analysis mgthods (e.g., capillary
| electrophoresis). Moreover, the sensitivity of the method was
S ‘ CH,4 improved significantly depending on the mode of data pro-
HO : cessing used in the calculation of the detector response.

Fig. 1. Structure of salbutamol sulfate.

2. Experimental

solid electrodes can be easily poisoned (or deactivated) by
the products of the red/ox reactions of the desired species or2.1. Reagents
impurities present in the test solution. However, application
of ultra microelectrodes (UMEs) solves most of the problems  All solutions were prepared in double-distilled deionized
of these detection methods. In fact, use of voltammetric tech- water, using analytical grade reagents. The reagents used to
niques, has been further stimulated by the advent of UMEs, prepare the stock eluent solution for flow injection analysis
due to their steady state currents, higher sensitivity, increased0.05 M HsPQy and 1.0 M NaOH used for adjusting the pH
mass transport, and their ability to be used in electroanalysisof the eluent) were obtained from Merck Chemicals. Salbuta-
in solutions with a very high resistance. mol sulfate was a gift from center of quality control (Tehran,

Another problemis caused by the changesin the propertiesiran). In all experiments, solutions were made up in the back-
of the electrode surface during the potential scan. If the sur- ground electrolyte solution, and were used without removal
face of the solid electrode is repeatedly oxidized and reducedof dissolved oxygen.
during voltammetric measurement, is associated with high
levels of noise due to the structural changes of the electrodezlzl Procedure for the preparation of standard
surface (the electrode signal will have a large background cur-
rent)[19]. Since such currents, can interfere with the desired
electrode processes, and may adversely affect the detection Stock solution (1.0 mg mt?) of salbutamol sulfate pre-
!imits of the method20]. App_lication of a potential sweep- pared by dissolving 100 mg of the drug sample in 100 mL of
ing technique, such as cyclic voltammetry or square Wave jigijia " water. This solution was further diluted daily with

voltammetry, associated with a potential waveform fo.r elec- water to give the appropriate concentration for the working
trode cleaning, can be of great hdRi]. Electrochemical solution

conditioning (EC) permits the maintenance of a clean and
active electrode surface for long periods of time. o ,
The background current in voltammetric measurements, 2.3. Procedure for the determination of salbutamol in
as we will discuss, can provide useful information about the tablet
adsorption processes and changes occurring in the double ) ]
layer at the electrode surface. In square wave voltammetric  VVeigh and thoroughly grind ten tablets. Extract an accu-
measurements, for instance, the change in the double layer caf@tely weighed portion of the obtained powder equivalent to

pacitance occurs due to adsorption of species on gold UMEs®-0 Mg of salbutamol with 25 mL of 0.05 M phosphoric acid.
was used for the determination of mediciri2g]. In addi- Shake for about 10 min, filter the mixture into 100 mL mea-

tion, a low adsorption of species existing in the solution and suring flask and wash the residues several times and diluted

on the electrode surface can strongly affect the cathodic andt® the mark with phosphoric acid. 141 of the final solution
anodic currents of red/ox reaction that occur at the electrode.Was diluted with 0.05 M phosphoric acid to a 100 mL flask
Recently, a number of electrochemical methods such and the method (_iescrlbed forthe de'germmatlon of salbutamol
as electrochemical impedance spectroscopy, mathematicapulfate was applied to the commercial prepared tablet.
modeling of the ac voltammetry, and modulated linear-ramp
voltammetry have been combined with FFT methods for 2.4. Procedure for spiked urine and serum samples
the increasing of sensitivity and simplicity of data analysis
[23-26]. An aliquot of a standard aqueous solution of salbuta-
In this work we wish to introduce a simple and very fast mol sulfate containing (1.0-50g) was added to 0.5 mL of
voltammetric detection method in a flow—injection system urine or serum sample in a centrifuge tube and vortex for
for the monitoring ultra trace amounts of salbutamol. A spe- 20s. Fifty microliter of 0.1 M NaOH solution was added,
cial computer based numerical method is also introduced for shaken for few seconds, followed by the addition of 2.5 mL
calculating the analyte signal and noise reduction. The cal- dichloromethane. The mixture was vortex mixed at high
culation of the signal was based on the net partial and to- speed for 2 min, and then centrifuged at 3000 rpm for 10 min.
tal charge exchanges at electrode surface by integrating cur-The resulting supernatant was transferred to a small conical
rents at whole potential range at the cyclic voltammogram flask. The extract was evaporated to dryness asénd the
(CV). Depending on applied conditions, the detector can be residue was dissolved in 0.5 mL water, diluted with 0.05M

salbutamol solutions
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Fig. 2. Diagram of the electrochemical cell.

phosphoric acid to a 100 mL flask and then analyzed accord-trode surface is electrochemically cleaned by applying two

ing to the recommended procedure. potential steps. The first step includes strong oxidation of
the electrode surface by applying a very positive potential
2.5. Flow injection setup (EECl: 1800 mV, for 100 mS). During this time, all the ad-

sorbed analyte molecules are removed from the surface, and

The equipment for flow injection analysis included a 10 in the second step, the electrode surface is recovered(or re-
roller peristaltic pump (LKB Co. 2115 Miltiperpex) and a hewed) by applying a negative potentiagtg= —400 mV, for
four-way injection valve (Supelco Rheodyne Model 5020) 100 ms). One reason for having a clean electrode surface is
with a 50p.L sample injection loop. Solutions were intro- that after each injection the base line of the response curve re-
duced into the sample loop by means of a plastic syringe. turnstoits original value (s¢€g. 6). This part s followed by
The electrochemical cell used in flow—injection analysis is Potential stefes, where stripping of the analyte takes place.
shown inFig. 2. In all experiments described in this paper, Finallythe currentmeasurements take place during the poten-

the flow rate of eluent solution was 1p@/min. tial ramp. All data acquisition and data processing programs
were developed in Delphi®program environment.

2.6. Electrode preparation
2.8. Signal calculation

Gold UMEs (12.5.m, in diameter) were prepared by seal-
ing metal micro-wires (Good fellow Metals Ltd., UK) into a As mentioned above, the current passing through the elec-
soft glass capillary. The capillary was then cut perpendicu- trode was sampled only during the potential ramp. In this
lar to its length to expose the wire. Electrical contacts were detection method the integration of net current changes is
made using silver epoxy (Johnson Matthey Ltd., UK). Before applied all over the scanned potential range. It must be noted
each experiment the electrode surface was polished for 1 minthat in this case, the current changes at the voltammograms
using extra fine carborundum paper and then for 10 min with (as a result of the injected analyte) can be caused by vari-
0.3pm alumina. Prior to being placed in the cell the elec-
trode was washed with water. In all measurements, an Ag 4
(s)| AgCI (s)| KClI (aq, 1.0 M) reference electrode was used.
The auxiliary electrode was made of a Pt wire, 1cm in length
and 0.5 mm in diameter.

»

ﬁ Evertex

Potential

2.7. Data acquisition and processing E ial final
mitial

All electrochemical experiments were carried out using a Eq,
setup comprised of a PC PIIl Pentium 300 MHz microcom-
puter equipped with a data acquisition board (PCL-818HG,
Advantech Co.) and a custom made potentiodt2i¢ The
diagram of applied potential waveform during cyclic voltam- Time
metric measurements is showrHig. 3. The potential wave-
form consists of two sections. In the first section, the elec- Fig. 3. Diagram of the applied potential waveform.
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ous processes that can occur at the electrode surface. These
processes include: (a) oxidation and reduction of adsorbed
analyte and (b) inhibition of oxidation and reduction of the
electrode surface by the adsorbed analyte molecules. Indeed,
in order to see the influence of the adsorbed analyte on the ox-
idation and reduction peaks of the gold surface, the scan rate
must be set very high (e.g., > 20 V/s). However, during the
scan, some of the adsorbed analyte molecules are desorbed.
Depending on the rate of these processes and the scan rate,
the amount of the desorpted analyte molecules can change @
during the scan. The important point here is that part of the
adsorbed analyte still remaining on the electrode surface can
inhibit the redox process on the electrode surface.

In this method, which was used for nonselective mea-
surementAQ is calculated based on the all of the current
changes at the CV. A total absolute difference function (AQ)
can be calculated using the following equation:Where, s is
the sweep numbet, is the time period between subsequent
sweepsAt is the time difference between two subsequent
sampling points on the CV curvéss, E) represents the cur- (b
rent of the CV curve recorded during teth sweep anis,

E) is the reference current of the CV curgandE, are the
initial and vertex potential, respectively. The reference CV
curve was obtained by averaging a few CV curves recorded 0.1

Current /LA
v 1/ uanmn)

Current /uA
Vi juammn))

0.2

0.15 4

at the beginning of the experiment (i.e. before injection of the E 0.05 -
analyte). Typically, the averaging of CVs included the 5-10 R
curves. These equations show that for the same flow injec- —

tion experiment the analyte response can be obtained using
d!ffqrent integration limits. However, the seIepuwty and sen- '“{500 M o = =
sitivity of the analyte response expressed in term\Qf (©) Potential/mV

strongly depends on the selection of the integration limits.

It should be noted thatin this method, all studied processeskFig. 4. Typical cyclic voltammogram of Au disk ultra-microelectrode in
involve the adsorption of analyte; hence both charging and 0-05M HPO; (eluent). The rate was 1@0./min, and the sweep rate was
faradic currents may potentially carry useful analytical in- 2> V/S: (8) without any filtration, (b) FFT diagram of the voltammogram,

. . . and (c) after applying filtration and removing (the cut off frequency was
formation. Also, in order to remove noise from the data a 4q ;).
second order low pass filters with a 0.5-50 kHz cutoff fre-
quency were placed between the current output of the poten-
tiostate and the data acquisition board. If the main contribu- 3. Results and discussion
tion to the baseline noise is from the “white” noise gener-
ated by the potentiostate, the integration procedure usually The main problem was the stability of the background
provides a 3-20-fold improvement in signal-to-noise(S/N) signal in this detection method. This was mainly due to the
ratio compared to the simple monitoring of the current at a changes which occurred in the surface crystal structure dur-
fixed potential. However, in the case of severe environmental ing oxidation and reduction of the electrode in each potential
noise (e.g. power line noise) the improvement may be much cycle. Since the crystal structure of a polycrystalline gold
larger. electrode is strongly dependent on the condition of the ap-

One of the important aspects of this method is the appli- plied potential wavefornj28], therefore, various potential
cation of a special analog filtration, which is applied during waveforms were examined in order to obtain a reproducible
the measurement. In this method, a CV of the electrode waselectrode surface (or a stable background signal). As a result,
recorded at first (selig. 4a) and then the existing high fre- the best potential waveform that could produce a stable back-
quency noises were indicated (by applying FFT on the col- ground and unchanged surface structure was the waveform
lected data) (sekig. 4b). Finally, using this information, the  shown inFig. 3. An example of the application of that wave-
cutoff frequencies of the analog and digital filters were set form is shown irFig. 5. This figure shows a sequence of CVs
at a certain value (where the noises were removed from therecorded during the flow injection of 30 of 1.0x 108M
CV). The resulted CV itrig. 4c shows the successfulness of salbutamol (in 0.05M BPQOy) into the eluent solution con-
the filtering procedure. The FFT procedure for filtering noise taining 0.05M HPOy4. The potential axis on this graph rep-
is well established in electrochemistry. resents the potential applied to the working electrode during
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cal for a polycrystalline Au electrode in acidic media. The
characteristic element of the CVs at the gold electrode is a
set of peaks associated with the formation and dissolution
of a surface oxide layer at about 1600 and 400 mV (when
potential sweep rate is 125V/s), respectively. The process
is also initiated by the electro-sorption of the hydroxyl ion,
which at more positive potentials undergoes deprotonation
and structural rearrangemd88]. The surface oxidation can
be initiated by adsorption of water molecule and then at more
positive potential AUOH forms leading to the formation of a
two-dimensional phase of gold oxide;

Au(H20) - AUOH + e+ HT (1)

At more positive potentials AuO is made according to the
following reaction:

AUOH — AuO+ e+ HT 2

Fig. 4b and ¢ show the absolute current changes in the
CVs curves after subtracting the average background five
CVs (in the absence of the analyte). As can be seen, this way
of presenting the electrode response gives more details about
the effect of the adsorbed the ions on currents of the CV.
The curves show that current changes mainly take place at
the potential regions of the oxidation and reduction of gold.
When the electrode-solution interface is exposed to salbu-
tamol, which can be adsorbed on the electrode, the oxide
formation process is strongly inhibit¢d0]. In fact, the in-
hibition of the surface process causes significant change in
the currents at the potential region, and as a consequence the
profound changes in the shape of CVs take place. Univer-
sality of the detector in this mode is very advantageous for
chromatographic analysis, where a mixture of compounds,
are present in sample.

Fig. 6 illustrates the flow injection response-time of
the detector due to the injection of pQ of solutions of
1.0x 10-8M salbutamol in HPO40.05M. Each curve is
given using Eq. (1).

A few points must be taken into consideration in this de-
tection method. Theoretically, the analyte response can be

Fig. 5. (a) Cyclic voltammograms at a 1.5 Au ultra-microelectrode
recorded during a flow—injection experiment. The eluent was 0.053 134,

the flow rate was10@L/min, and the sweep rate was 125 V/s. Each scan was
preceded by 100 ms (at 1600 mV) and 200 ms+{400 mV) conditioning

and accumulation period, respectively. The accumulation time was 700 ms at
—300 mV. The injected solution (50L) contained 1.06< 10~8 M salbutamol
Sulfate in 0.05 M HPOy. (b) Curves result of subtraction of an average CVs
(in absent of the analyte) from test of the CVs in (a), (c) overlapping curves
in (b).

each sweep. The time axis represents the time passing be-

tween the beginning of the flow injection experiment and the

beglnnl_ng of a pamCUIar sweep (|.e. itrepresents a qugntlty Fig. 6. Response of Au ultra-microelectrode to 5 consecutive injections of
proportional to the sweep number). As can be seen, In th.el.Ox 10-8 M salbutamol sulfate. All experimental conditions asFig. 3.
absence of salbutamol the shape of the CV curves is typi- Curve represent [@unction calculated according to Eq. (1).
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tection method, especially, when the stripping of salbutamol
occurs at a potential, which is very larger or smaller tBan
The main reason for the application of a high sweep rate is the
prevention of desorption of the adsorbed salbutamol during
the potential scanning. In addition, under this condition, the
inhibition effect of the adsorbed salbutamol on the oxidation
process can take place. However, sensitivity of the detection
system mostly depends on the potential sweep rate mainly
due to kinetic factors in adsorption, and instrumental limita-
0.4 ; ; : ; ; | tions. The results obtained for the examined salbutamol on
-1200 -700 -200 300 800 1300 1800 the Au electrode show that the height of the electrode re-
Potential /mV sponse is constant within experimental error for sweep rates
Fig. 7. Cyclic voltammograms of Au electrode in various pHs at the sweep between 40 .and 189 V/§. This is n.Ot surpr_lsmg since in this
rate 125 V/s. case the main contribution to the signal arises from the elec-
trical charge needed to remove adsorbed salbutamol from the
affected by the thermodynamic and kinetic parameters of ad-electrode surface. This charge depends on the accumulation
sorption, the rate of mass transport, and the electrochemicalconditions but should be independent of the sweep rate.
behavior of the adsorbed species. The free energy and the rate
of adsorption depend on the electrode potential, the electrode3.3. The effect of the accumulation potential
material, and to some extent, on the choice of concentration
and the type of supporting electrolyte. In order to achieve  The effect of the accumulation potential on the gold elec-
maximum performance of the detector, the effect of experi- trode response to the injection of a solution of 2.00-8 M
mental parameters were tested and optimized. These paramsalbutamol, in 0.05 M BPQ, was also evaluated over the po-
eters were the pH of the supporting electrolyte, the potential tential range—600 to +400 mV and the results showed that
and the time of the cleaning steps, the potential and the timethe adsorption process exhibits a strong dependence upon

04 1

h

£ pH=10 [

0.2 L pH=6
/

pH=18

Current/ A

of the accumulation and the potential sweep rate. the applied potential. Thus,-a300 mV accumulation poten-
tial was chosen. The relation observed for salbutamol can be
3.1. Effect of the pH of the eluent easily explained: at positive potentials, the efficiency of ac-

cumulation drops, because adsorption of cations on the pos-

The cyclic voltammograms of Au electrode in various pH itively charged electrode becomes thermodynamically unfa-
of the eluent (HPOy) were tested and the results are depicted vorable. The observed drop of response at negative potentials
in Fig. 7. As can be seen froffig. 7, the pH of the eluent  is most probably due to the competitive adsorption of hydro-
changes the potentials of oxidation and reduction of the gold nium ions.
electrode. The best S/N ratio was obtained between pH 2-3.
In addition, the results show that at pH higher than 9, the 3.4. Influence of the accumulation time
noise level in the baseline (A@rsus Time) is higher up to

11.5% compared to acidic solution (pH 2). The sensitivity of the measurement strongly depends on
time and potential of stripping. Mainly, accumulation of
3.2. Effect of sweep rate salbutamol on the electrode takes place during the stripping

step (assuming that an appropriate potential is selected). As

A concentration of 2. 10~8 M salbutamol was studied mentioned above, the surface of UMEs is very small and
and the responses of the detector to the potential sweep rat¢he electrode surface can be saturated in a very short time.
were recorded at different sweep rates ranging from 50 to Fig. 8shows the plot of peak charge versus pre-concentration
400 V/s, and the results showed that the detector exhibits thetime for 2.0x 10-8 M salbutamol in the presence of 0.05 M
maximum sensitivity at 125 V/s of scan rate. The effects of phosphoric acid. As it is seen, the electrode surface becomes
the sweep rate on the detection performance can be considsaturated with the salbutamol within a 700 ms time window.
ered from two aspects: first, speed in data acquisition, andIn fact, the difference in the time of saturation of various
second, kinetic factors of adsorption of the salbutamol. Also, compounds can be related to the existing differences in their
the use of this detection method in conjunction with fast sep- kinetics of the electron transfer and mass transport.
aration techniques such as capillary electrophoresis requires
the employment of high sweep rates. From this point of view, 3.5. Response stability of the detector signal
it is important to check how the sensitivity of the method is
affected by the sweep rate. In fact to detect the adsorbed The stability of the response of the gold ultra micro-
analyte on the electrode surface, high sweep rates must beelectrode was evaluated for several hours and the results
employed so that the sweeping step is short in comparisonshowed that the electrode exhibits a stable response with-
with the stripping period. This is very significant in this de- out any chemical or mechanical treatment. The longest test
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coverage. Under typical experimental conditions used in this
work and for strongly adsorbing salbutamol, the linear por-
tion of the calibration curve extends from about1Q0 2

to about 1.0x10~7 M. Measurements carried out for small
analyte concentrations allow the estimation of the detection

limit Cpy_:
35

CoL= 2 @)
m

Wheres, is the standard deviation (or noise) of the base-
line around the flow injection peak amdis the sensitivity
of the method (a change in the peak height divided by the
change in concentration) near the detection limit. To insure
. - .. the best S/N ratio, the measurements were carried out at high

Fig. 8. Effectofthe accumulationtime onthe electrode response toinjections L. .

of 2.0x 10-8 M salbutamol sulfate in 0.05 M POy, sweep rates. In all case the stripping time was 700 ms. The de-
tection limit that obtained for salbutamol was 2@A0~°M
(~700 pg/mL).

(24 h) involved replicate measurements of the response for

1.0x 10-%M salbutamol on a gold electrode in a continu- 3.7. Analytical applications

ously flowing 0.05M of phosphoric acid. The scan rate of

125V/s, the accumulation potential 60.3V, and accumu-  3.7.1. Determination of salbutamol in tablets

lationtime of 0.7 s were applied for all experiments. Therel-  The proposed system was applied for the determination

ative standard deviation of the results was 3.6%. of salbutamol sulfate in the commercially available tablets
of salbutamol (declared content is 2 mg of salbutamol in one

3.6. Calibration curve and detection limit tablet). Itwas found that each tablet contained 2-@02 mg

of salbutamol (average value of three independent analy-

The experimental conditions were set at the optimum val- ses), whereas the reported average value for this particular
ues in order to obtain the best detection limit and wide lin- batch, and also the results of the standard HPLC determina-
ear range for the detection of salbutamol in 0.05 KPiy. tion method were 2.00 mg and 2.85.04, respectively.
It should be noted that like classical stripping voltammet-
ric method, in the calculation method, the analyte response3.7.2. Determination of salbutamol in urine and serum
is proportional to the electrode coverage. This assumption, The proposed sensitive method was also applied for the de-
however, may be less obvious when the inhibition of oxide tection of salbutamol in spiked human urine and serum sam-
formation by adsorbates is considered, but it is not unlikely. ples. The recommended procedure was used for the detection
For example, it has been shown that a decrease of charge irof salbutamol and the results of the recoveries of salbutamol
the oxide formation region on gold caused by adsorption of from spiked human urine and plasma samples are given in
species is proportional to the surface coverggjd. There- Table 1. As can be seen frofable 1, the recoveries are in
fore, ifthe electrode coverage is controlled by the rate of massthe range of 95.0-105.0%.
transport, a linear calibration curve is expected up to the point
when full electrode coverage is reached during the stripping 3.8. The effect of interferences
time. But when thermodynamics of adsorption or kinetics of
the interfacial step controls the electrode coverage, then a Interferences by some alkali metal ions, common an-
linear calibration curve can be expected for only very small ions and some molecules were examined forx11D~’

Table 1
Determination of salbutamol in spiked human urine and plasma
Sample Added (ug L) & S.D.9%% Found (ug L=1) + S.D.9% Recovery (%) R.S.D+ % (n=3)
20+ 14 19+11 95.0 1.4
Uri 3.0+ 1.2 31+ 14 103.3 2.4
rne 50+ 1.0 49+ 15 98.0 1.9
10.0£ 1.0 10.2+ 0.8 102.0 1.8
20+ 1.3 21+ 1.4 105.0 15
Pl 30+ 14 29+ 11 96.6 11
asma 5.0+ 1.0 51+ 1.0 98.0 16
10.0+ 0.8 10.1+ 0.6 101.0 2.2

2 Mean of five measurements.
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Interferences examined for 1010~ and 1.0x 10~> M salbutamol in the presence of 0.05 Mg, on addition of 1.0< 103 and 1.0x 1074 M of any

interference, under optimized conditions for salbutamol

Interference concentration (M)

Salbutamol concentration (M)

Salbutamol recovery (%) Error percentage

. 1.0x 1073 1.0x 107
cetate 1.0x 10-4 1.0x 10°°
Ascorbic acid 1.0x 1073 1.0x 1074
scorbic aci 1.0x 10-4 1.0x10°°
o 1.0x 10°3 1.0x 107
ucose 1.0x 104 1.0x 1075

N 1.0x 1073 1.0x 107*
artarate 10x 10-4 1.0x 10°°
odid 1.0x 1073 1.0x 107*
odide 1.0x 10-4 1.0x 10°°
_ 1.0x 1073 1.0x 107
Chloride 1.0x 10-% 1.0x 10°°
5 o 1.0x 1073 1.0x 10
otassium ion 1.0x 10-4 1.0x 10°°
Sodiumi 1.0x 1073 1.0x 1074
odium ion 10x 104 1.0x 10°°

101.2 12
100.0 00
98.5 -15
98.8 -12
100.7 Q7
101.8 18
101.3 13
100.1 01
101.3 13
102.6 26
101.2 12
102.6 26
98.6 -14
98.2 -1.8
98.8 -1.2
97.7 -23

and 1.0x 10°8M salbutamol in the presence of 0.05M
H3PQy. On addition of 1.0< 10°% and 1.0x 10-’'M of

4. Conclusion

these interferences, the responses of the detector were The presented results in this paper indicate that adsorp-

recorded. The results are given Table 2. As it is seen,
no significant error in the determination of salbutamol was
observed.

3.9. Comparison of the sensitivity of the method and
other previously reported methods

Table 2 compares the detection limit of the proposed
method with the other reported metho@2-39]. As it is
immediately obvious, the sensitivity of the method is supe-
rior to all previously reported methods. The datdable 3
revealed that except for one methi@2] the detection limit
of which is three time higher than the present work, in the
case of the other method the detection limit of this method is
at least 160 times le$33-39].

Table 3
Comparison between the detection limits of the proposed method with the
other previously reported methods

Reference Detection limit (ng/mL)
[32] 2

[33] 200

[34] 10000

[35] 1000

[36] 1000

[37] 23000

(38] 100

[39] 5000

This work 0.67

tion voltammetry associated with the selective or nonselec-
tive detection of various compounds at UME can serve as
a fast and reliable technique for the trace analysis of chem-
icals in flowing solution. Indeed, the electrochemical pre-
conditioning of the electrode, which takes place before the
potential sweeping has an important influence on the stability
of the electrode and the sensitivity of the method. The detec-
tion limit can be further improved by increasing the strip-
ping time, in cases where the adsorption process is limited
by mass transport or a surface kinetics; however, this may
lead to a deterioration of the zone resolution in same appli-
cations (e.g. CE or HPLC detection). An improvement in the
detection limit can also be achieved by lowering the base-
line noise. The noise level in such measurements depends,
to a large extent, on the quality of the electronic equipment
used. The gold UME provides a stable response for several
hours without any mechanical or chemical treatment. For ex-
ample, a 24 h test involved replicate measurements of the
response for 1.6 10-M salbutamol on a gold electrode

in a continuously flowing 0.05 M gPQy, the relative stan-
dard deviation of the results was 3.6% and there was not
any definite drift in the electrode sensitivity. The detector re-
sponse, however, can be reliably expressed in terms of the
total absolute difference only if the baseline drift is small
(say, less than 1% during the entire experiment) such a sit-
uation is commonly encountered in flow—injection experi-
ments. It should be stressed that both the baseline drift, and
the choice of the reference CV curve have practically no ef-
fect on the detector response peaks expressed in terix® of
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based on Eq. (1). Studies of the functional relation between[17] P.T. Kissinger, in: P.T. Kissinger, W.R. Heineman (Eds.), Labora-

the electrode response and the stripping time may provide

some information about the kinetics of the adsorption pro-

cess; here, however, only a brief discussion of this topic was

provided.
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