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A new detection technique called the fast Fourier transform square-wave voltammetry (FFT SWV) is 
based on measurements of electrode admittance as a function of potential. The response of the detector 
(microelectrode) is fast, which makes the method suitable for most applications involving flowing 
electrolytes. The carbon paste electrode was modified by nanostructures to improve better sensivity. 
The redox property of Diphenhydramin was used for determination of it in human serum and urine 
samples. Synthesized dysprosium nanowires make more effective surface like nanotubes [1-4] so they 
are good candidates for using as a modifier for electrochemical reactions. The drug presented one 
irreversible oxidation peaks at 1080mV vs. Ag/ AgCl by modified Nanowire carbon paste electrode 
which produced high current and reduced the oxidation potential about 300mV. Furthermore, signal-
to-noise ratio has significantly increased by application of discrete fast Fourier Transform (FFT) 
method, background subtraction and two-dimensional integration of the electrode response over a 
selected potential range and time window. To obtain the much sensivity the effective parameters such 
as frequency, amplitude and pH was optimized. As a result, LOD of 4.0 ×10-11mol l-1 and an LOQ of 
8.0× 10-11 mol l-1 were found for determination for Diphenhydramin. A good recovery was obtained 
for assay spiked urine samples and a good quantification of Diphenhydramin was achieved in a 
commercial formulation. 
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1. INTRODUCTION 

Diphenhydramine,2-(diphenylmethoxy)-N,N-dimethyamine, is a first-generation antihistamine 
drug. Despite being one of the oldest antihistamines on the market, it is largely the most effective 
antihistamine available either by prescription or over-the-counter, and has been shown to exceed the 
effectiveness of even the latest prescription drugs [1]. Like other antihistaminic species, local 
anaesthetic activities have been observed. It is usually given orally in a preparation of tablet, capsule or 
syrup. It may be administered by intramuscular or intravenous injections in severe allergies and 
applied topically for local allergic reactions in preparations of lotion and cream [2] various anti-
motion-sickness medications, which many of them are available over the counter, are commonly used 
to ameliorate motion sickness. Many antihistamines dimenhydrinate, meclizine and promethazine have 
been effective anti-motion-sickness drugs; however, these drugs are antihistamine-H1 receptor 
antagonists that cause sedation as the most common subjective side effect. Wood and Garybiel 
demonstrated that D-amphetamine improves tolerance to Coriolis stimulation of the vestibular system. 
They found that the antihistamines produced an increase in treatment effectiveness and reduced 
sedation when D-amphetamine was added. However, many anti-motion-sickness drugs, alone or in 
combination are only partially effective, and their adverse effect cannot be ruled out. Therefore, it is 
highly desirable to look for a drug that is effective for prevention of motion sickness and which is 
relatively free of side effect [3].     

Several methods have been proposed for determining diphenhydramine in pharmaceutical 
preparations including titrimetry, fluoremetry electrochemical analysis and spectrophotometry, which a 
batch-wise has been applied [2-5]. Chromatographic methods have been used such as gas 
chromatography[6] and HPLC [7], and the necessity to ensure the quality of pharmaceutical polydrugs 
like diphenhydramine and consequently the safety and efficacy of the final marketed product has led to 
the development and evaluation of new techniques that reduce the time and cost of analysis such as 
capillary electrophoresis [8,9]. 

The method which introduced in this paper is very sensitive, inexpensive and fast for detection 
of Diphenhydramin. The square wave voltammetry (SWV) has recently been shown to be 
advantageous for environmental detection of several compounds [10]. The adaptation of this 
technology to SWV of Diphenhydramin on a DyNWCPE could provide a substantial improvement for 
rapid and very sensitive analysis [11, 12]. 

Carbon-paste electrodes (CPEs), due to their ease of construction, renewability, and 
compatibility with various types of modifiers, have been widely used as a suitable matrix for 
preparation of modified electrodes. Further, they show rather low background current compared to the 
solid graphite or noble metal electrodes [13]. In recent years, application of the CNT-modified carbon 
paste electrodes showed considerable improvements in electrochemical behavior of biologically 
important compounds [14, 15]. Metal nanowires such as Dysprosium showed behavior like CNTs. A 
CPE containing 3% (w/w) of DyNW, in comparison with CPE without nanowire, showed a very 
effective catalytic activity in the electrochemical oxidation of diphenhydramine.  

Using the fast Fourier transform method was found very sensitive system in combination by 
electrochemical method for trace detection of several compounds [16-22]. This paper describes a 
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fundamentally different approach to SWV measurement, in which the detection limits are improved, 
while preserving the information content of the SW voltammogram. The approach is designed to 
separate the voltammetric signal and background signal in frequency domain by using discrete Fast 
Fourier Transformation (FFT) method. SWV measures the current response while rapid alternating 
potentials are applied during a staircase scan, whereas CV, which uses only a forward and reverse 
linear dc scan, is not sensitive to the potential dependence of changes that occur in the double layer.  

However, the reported methods suffer from limitations such as material waste and time 
consumption, because a number of preliminary steps are often required to obtain the species from the 
sample matrix. In this paper a very simple and sensitive electrochemical method was introduced for 
determination of diphenhydramine. 
 
 
 
2. EXPERIMENTAL PART 

2.1. Instrumentation 

The Electrochemical instrument, ultra voltammetry, a home made potentioastate were used for 
the present voltammetric measurements. All electrochemical experiments were done using a setup 
comprised of a PC PIV equipped with a data acquisition board (PCL-818H, Advantech Co.) was used 
to output an analog waveform to the working electrode and acquire current readings from the working 
electrode that connected to a custom made potentiostat. The card and accompanying dynamic link 
libraries allowed waveform generation and current sampling to be synchronized, which was essential 
in interpreting SWV current response. The memory and CPU requirements of the computer were 
dictated by the nature of the data acquisition requirements. Software was developed using Delphi 6.0 
to repeatedly apply a waveform to the working electrode and synchronously acquire, analyze, and store 
the current data. The data could be interpreted in real time, or stored data could be loaded and 
reanalyzed to generate electropherograms. The algorithms used to interpret the current response from 
each waveform cycle were discussed before. Most of the waveform parameters could be modified from 
within the software; including the pre- and post scan potential/time, square wave frequency/amplitude, 
dc ramp initial/final potential, and ramp time.  
 

2.2. Carbon paste electrode 

The DyNW/CPE was prepared by hand-mixing 0.97 g graphite powder, 0.03 g DyNW, and 
0.34 ml paraffin oil adequately in a gate mortar. A portion of the resulting paste was then packed 
firmly into the electrode cavity (1.0 mm diameter) of a polytetrafluorethylene (PTFE) sleeve. The 
unmodified CPE was prepared in a similar way using 1.25 g graphite powder and 0.45 ml paraffin oil. 
Electrical contact was established via a copper wire. The surfaces of all the modified and unmodified 
CPEs were carefully smoothed on weighing paper and rinsed with twice distilled water prior to each 
measurement. 
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2.3. Materials and reagents 

All chemicals and reagents were of analytical grade quality. Diphenhydramin was a gift from 
Drug and Food quality control, Tehran, Iran. A stock solution of 1.0 × 10-7M of Diphenhydramin was 
prepared in doubly distilled water at 4˚C. More dilute solutions were prepared daily with deionised 
water just before use. The phosphate buffer (pH 3-10), Britton-Robinson (0.04M of Phosphoric acid, 
acetic acid and boric acid) and acetate buffer and tris-HCl were prepared using analytical grade 
reagents and were used as supporting electrolytes. All the solution was made by double distilled water. 
 
 

 
Figure 1. The diagram of potential waveform used in measurements. 

 

2.4. Stripping voltammetry 

In this new method to improve the detector sensitivity, the FFT-SWV technique was modified 
in the potential excitation waveform and current sampling and data processing Fig. 1. The potential 
waveform consisted of three sections; a) electrode conditioning and b) accumulation part C) 
measurement the potential waveform contained three additional potential steps, Ec1 to Ec2 (for 
cleaning the electrode surface) and Es (for accumulation of Diphenhydramin). As is shown in Fig. 1, 
the measurement part of the waveform contains multiple SW pulses with amplitude of Esw and 
frequency of f0, were superimposed on a staircase potential function, which was changed by a small 
potential step of ∆E.  The values of potential pulse of SW (ESW) and ∆E were in a range of few mV 
(10 to 150 mV).  In potential ramp, the currents sampled four times per each SW polarization cycle. 
After preparing the solution, the measurements were carried out in the continuous fast Fourier 
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transform stripping square wave voltammetric mode (FFTSW). A typical experiment consisted of three 
consecutive steps with the following experimental conditions: the pre-concentration at -0.8V versus 
Ag/AgCl for 15s, and a polarization (stripping step) run from 600mV to 1250V by applying a ƒ= 1000 
Hz, and the pulse height, Esw = 100mV. 
 

2.5. Sample preparation assay 

Twenty tablets of (25mg tablets) were weighed, finely powdered and portions equivalent to 50 
mg Diphenhydramin were transferred into 100 ml volumetric flask;50 ml distilled water was added, 
shaken thoroughly to dissolve, made up to volume and mixed well. Suitable aliquots of solution were 
filtered through a Millipore filter (0.45µm). 1ml of the filtered solution was diluted with distilled water 
in a 100 ml volumetric flask. Then 50 µl of the resulting solution was added to a 100 ml volumetric 
flask and made up to volume with 0.05 M phosphoric acid to yield starting concentration of 50nM. 
 

2.6. Determination of Diphenhydramin in human urine and plasma 

1 ml of untreated urine containing 100ng/ml Diphenhydramin was placed into a 10 ml 
volumetric flask and diluted with water to the mark. A 1ml of this solution was diluted with pH 7 
buffer solution to 10 ml into a volumetric flask. Then 50 �l aliquot was injected into the system. 

For the determination of Diphenhydramin in plasma, 100 µl aqueous Diphenhydramin 
solutions (5ng/ml) were added to 100µl of untreated plasma. The mixture was vortexed for 30s. In 
order to precipitate the plasma proteins, the plasma samples were treated with 20µl perchloric acid 
HClO4 15%. After that, the mixture was vortexed for a further 30 s and then centrifuged at 6000 rpm 
for 5 min. Then 50 �l aliquot of the obtained supernatant was injected into the system. 

The voltammograms were recorded according to the above recommended procedure. The 
voltammograms of samples without Diphenhydramin do not show any signal that can interfere with 
the direct determination, so external calibration can be used. 

 
 
 
3. RESULTS AND DISCUSSION 

3.1. Electrochemical behavior of Diphenhydramin by using modified DyNWCPE 

Fig. 2(a-c) shows a relatively broad and weak anodic wave for the electro-oxidation of 
Diphenhydramin on the surface of the modified and unmodified electrode revealed that the electrode 
process is sluggish at the unmodified electrode and it oxidized at higher potential about 300mV. On the 
other hand, using DyNW-modified electrode, a well-defined and very sharp anodic wave with a peak 
potential of 1080mV is obtained for Diphenhydramin. On the basis of these observations, it can be 
postulated that the addition of DyNW to the matrix of CPE exhibits an effective catalytic fashion in the 
electrochemical oxidation of Diphenhydramin, leading to the remarkable enhancement of the anodic 
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peak current. For Diphenhydramin, in the potential range of 600-1400 mV (versus Ag/AgCl) there are 
oxidation peaks at 1080mV on the NWCPE which by increase of potential scan rates, peak current 
increase. The anodic peak current at the DyNW/CPE is enhanced greatly by approximately 250% and 
is accompanied by a negative shift of 300 mV in the oxidation potential. This indicates that the 
DyNW/CPE improves electrochemical reactivity toward the oxidation of Diphenhydramin compared 
with bare CPE. 
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Figure 2. The voltammograms of 1.0×10-7M Diphenhydramin on the modified (a) and unmodified (b) 
carbon paste electrode at acetate buffer pH 7, (c) acetate buffer using NWCPE. 

 
 
3.2. Effect of pH 

The influence of the solution Britton-Robinson buffer (pH 2.0–7.0), phosphate buffer (pH 3.0–
7.0) and acetate buffer (pH 3.0–7.0) was also analyzed in the response of the peak current after 
preconcentration of 15s at -800 mV. The peak current was pH-dependent and much more developed in 
acetate buffer solution. The dependence of peak current (Ip) of Diphenhydramin at concentration of 
1.0 × 10-7M on pH for acetate buffer solution is shown in Fig. 3a. From the Ip on pH dependence it is 
seen that different ionic species, having different diffusion coefficients are present in the solution. As 
can be seen Ip is increase from pH 4 to 7 and then it decrease from 7 to 10. The higher sensitivity will 
be obtained at pH 7.So, the pH 7 was chosen because it is close to physiological pH. It was found that 
the peak potential is shifted to more negative values with increasing pH of 2.0-9.0, which could 
indicate the presence of chemical reaction (proton-transfer reaction) precedes the electrode process. 
Following equation displays correlation between peak potential and pH: E (mV)= -71.95 pH + 1590.6 
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The slope is close to that expected for a 3proton/2electron reaction. That is based on the 
equation of 0.0592(h/n) V/pH, where h and n are the number of protons and electrons involved in the 
electrode process [23].This is in accordance with literature data about mechanistic scheme of some 
catechol groups compounds to changed hydroxyl group to quinon group [24].  For analytical purposes, 
the medium chosen to carry out further studies was the 0.05 mol l-1 acetate buffer solution at pH 7.0.  
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Figure 3.  Influence of pH on the a) peak potential and b)peak current  for 1.0 ×10-7M in 0.05M of 
acetate buffer. 
 

3.3. Effect of accumulation potential 

The dependence of the peak current on the accumulation potential was evaluated over the range 
of -1.0 to 0.2V for 1.0 ×10-7mol l-1 of Diphenhydramin at 0.05 mol l-1 acetate buffer pH 7.0 in the 
presence of the drug, for an accumulation period of 20s. The inset at Fig.4 the results obtained shown 
that the Ip values are maximum for an accumulation potential -0.8V and after that the current decrease 
so the potential -0.8V was selected as a best accumulation potential. 
 

3.4. Effect of accumulation time 

As expected, the extent pre-concentration is a function of the accumulation time (tacc). The 
dependence of peak current on accumulation time was studied at concentration level of 
Diphenhydramin 1.0 ×10-7mol l-1(Fig.4). The peak current increased with increasing accumulation 
time till 15s and after that it decrease. For a period longer than 15s indicating the saturation of the 
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carbon paste electrode by drug to make a fouling of the electrode. Hence, an accumulation time of 15s 
were chosen to evaluate the best work conditions to the proposed method. 
 

5

5.5

6

6.5

7

7.5

-1200 -700 -200 300 800
accumulation potential/mV

I(
µµ µµA

)

5

5.5

6

6.5

7

7.5

0 20 40 60t/s

I(
µµ µµ

A
)

 
 
Figure 4. effect of the accumulation time and potential on the peak current in the presence of 
Diphenhydramin solution a) 1.0 ×10-7M at acetate buffer pH=7. ƒ=1000Hz, amplitude = 20mV 
 

3.5. Optimization of FFT-SW frequency and amplitude  

To study the effect of these factors, the SW frequency and amplitude between 500-2000 Hz and 
amplitude of 5 to 50 mV were examined. In Fig. 5 the importance of frequency and amplitude is 
demonstrated for solution of Diphenhydramin. In fast voltammetric analysis, the SW frequency and 
amplitude are important factors since analyte signal, background noise, and peak shape rely on speed 
of excitation signal. It should be noted that the solution resistance, electrode diameter, and stray 
capacitance of the system will limit the sensitivity gains obtained by raising the SW frequency. 
However, increasing the SW frequency will increase the SW peak current, or the sensitivity, but this 
will be tempered by a higher charging/faradic current ratio. Due to this fact that, the SW frequency acts 
similar to sweep rate in cyclic voltammetry. Therefore, using very high SW frequencies causes a 
shorter potential scan times, consequently, the response peak for the analysis becomes smaller and 
skewed, due to insufficient time for oxidation of the electrode surface. But for the redox reaction it 
should be optimized for electron transfer rate. While application of lower SW frequencies results to a 
longer potential scan times, which result to lower number of potential scan for each injected sample 
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zone.  A series of SW frequencies were examined to determine the optimal frequency for the detection 
of Diphenhydramin. A plot of SW frequency versus ∆Q showed that a frequency of 100 Hz was the 
instrumental limit for this system. Above this frequency, excessive charging currents interfered with 
the measurement of the faradic current, decreasing the Diphenhydramin ∆Q. Thus, further studies of 
SWV detection used 1000 Hz with a dc ramp time of 100 ms to provide an overall sample rate of 20 
Hz.  

Theoretically, the optimal square wave amplitude for a reversible system is 50/n mV. To 
determine influence of SW amplitude on ∆Q, various amplitudes were investigated. Fig. 4 shows the 
effect of SW amplitude on increasing ∆Q was observed with increasing amplitude until 100 mV, after 
which ∆Q plateaued and then began to decrease when amplitudes greater than 100 mV were used. Low 
frequency noise (baseline drifting) was more pronounced when SW amplitudes above 10 mV were 
used. SW amplitude of 100 mV and frequency of 1000Hz was found to be optimal.   
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Figure 5. The effect of frequency and amplitude on the response of CPE for 1.0 ×10-7M 
Diphenhydramin in 0.05 M of acetate buffer at Eacc -800mV and tacc 15s 
 

3.6. Calibration curves 

Fig. 6 show the 3-dimensional figure of redox behavior of Diphenhydramin in a flow injection 
system on  the DyNWCPE in 0.05 M H3PO4, caused by the addition of a solution of 50µL of 1.0 × 10-6 
M Diphenhydramin which was recorded by FFT-SW method. The FFT-SW modulation had amplitude 
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of 100 mV and a frequency of 1000 Hz. Before each scan, the electrode was held at Ec1 potential (1400 
mV) for 60 ms, the Ec2 potential at -200 mV for 60 ms. 
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Figure 6.  FFT Square-Wave voltammograms at a NWCPE recorded during some injection 
experiment. The bulk solution was 0.05 M of acetate buffer, and the frequency was 1000Hz. The 
injected amount of solution contained 1.0 ×10-6M Diphenhydramin.  
 
 

Fig. 7  illustrates the obtained calibration carves and SW-voltammograms for measurements of 
Diphenhydramin in 0.05 M H3PO4.The experimental conditions were set at optimum values in order to 
obtain the best detection limits.  

As mentioned above the electrode response could be expressed in various ways as peak heights 
or peak areas. For this reason, the magnitude of injection peaks depends on the choice of the data 
processing methods. Like stripping voltammetry methods, here, the electrode response is proportional 
to the electrode coverage.[25-34] Measurements carried out for small analyte concentrations allow the 
estimation of the detection limit CDL: 

 

   
slope

s
C b

DL

3
=          

 
Where sb is the standard deviation (or noise) of the baseline around the peak.  
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Figure 7. Adsorptive square wave voltammograms obtained for the increasing concentration of 
Diphenhydramin in acetate buffer (pH=7) a) buffer (b-i) at concentrations ( 
0.1,0.05,0.01,0.008,0.005,0.001 and 0.0001 µM) respectively. Intercept: dependence of peak current 
on the Diphenhydramin concentration at the optimized condition which mentioned before.  
 
 

The Linearity was evaluated by linear regression analysis, which calculated by the least square 
regression method [35]. The calibration curves constructed for Diphenhydramin were linear over the 
concentration range of 0.1-0.0001µM. Peak areas of Diphenhydramin were plotted versus its 
concentration and linear regression analysis performed on the resultant curve. A correlation coefficient 
of R=0.9982 with %R.S.D. values ranging from 0.22–2.3% across the concentration range studied 
were obtained following linear regression analysis. Typically, the regression equation for the 
calibration curve was found to be Y= 24.002+4.6512 Fig.7. shows the calibration graph that obtained 
for the monitoring of Diphenhydramin in a 0.05 M H3PO4. The LOD was measured as the lowest 
amount of the analyte that may be detected to produce a response which is significantly different from 
that of a blank. Limit of detection was approved by calculations based on the standard deviation of the 
response (�) and the slope (S) of the calibration curve at the levels approaching the limits according to 
equation LOD= 3.3 (�/S) [35]. The LOD for Diphenhydramin was 4.0 ×10-11M. The LOQ was 
measured as the lowest amount of analyte that can be reproducibly quantified above the baseline noise, 
for which triplicated injections resulted in a RSD � 1.5%. A practical LOQ giving a good precision and 
acceptable accuracy was found to be 8.0 ×10-11M. 
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3.7. Assay of tablets 

The method developed in the present study was applied for the determination of 
Diphenhydramin in tablets from the Iranian market. The results showed a percent recovery of 99.96% 
and a R.S.D. of 1.22%. 
 

3.8. Analytical application 

After the application of the method to the Iranian market injection, the resulting data showed a 
recovery percentage value of 99.88 % and a respective R.S.D. value of 1.94 %. The proposed method 
was also applied to the determination of Diphenhydramin in spiked urine and plasma samples. The 
results of analysis of spiked��human plasma (n = 5) and urine (n=5) is shown in Table 1. The results are 
satisfactory, accurate and precise. No interference was noticed from the urine content after just dilution 
with the supporting electrolyte. The major advantage of the method as applied to plasma and urine is 
that no prior extraction step is required. 

 
 

Table 1. Application of the proposed method to the determination of Diphenhydramin in spiked 
humane plasma and urine 
 

 

 

 
 
By comparison of the detection limit of the proposed method with the other reported methods 

(Table2) it is very clear that the sensitivity of the method is superior to all previously reported 
methods. The data reveals that the detection limit of the method is about 1000 times lower than the 
most sensitive reported method. 

 
 
Table �. Comparison between the detection limit of the proposed method with those of other reported 
methods 
 

 

 

 

 

 
 

Added 
(ng/mL) 

Interpolated 
concentration 

R.S.D (%) R.E. (%)   

2.5 (plasma) 2.51 ± 0.3 1.08 1.12 
1(urine) 0.97 ± 0.08 1.05 0.99 

Ref. No. LOD Method 
2 1.0 ng/ml LC-MS/MS 
6 ���mg/ml GC 
8 2.5 mg/ml Capillary 

electrophoresis 
This 
work 

1.02pg/ml FFTSW 



Int. J. Electrochem. Sci., Vol. 4, 2009 
  

456

4. CONCLUSIONS 

This report described a novel, sensitive, and widely applicable FFT-SWV detection method 
using of DyNW/CPE. This modification by metal oxide nanowire help to improve the sensivity of 
determination of drug by reducing the over-potential and increasing the current, like other 
nanomaterial such as carbon nanotubes. It is observed that DyNW could facilitate the exchange 
electrons with the electrode FFT-SWV was demonstrated to provide sensitive detection of a wide 
range of analytes based on oxidation on the electrode surface. The square-wave adsorptive 
voltammetry on a carbon paste electrode can be used to determine Diphenhydramin at trace levels 
because of its low detection limit. Diphenhydramin can be effectively accumulated from aqueous 
solutions or urine samples onto the surface of DyNWCPE increasing sensitivity of the method. The 
electrochemical methods for pharmaceutical and biological samples analysis have been proven to be 
fast, precise, and simple to perform and produce low cost results, in which the interference from 
excipients of the drugs and interference of the biological fluids do not interfere with the determination, 
and, consequently, extraction procedures are not needed. The above methods can be suggested as a 
good alternative for the routine quality control of this antibiotic drug in pharmaceutical formulation. 

Finally, the principal advantage of the electroanalytical method is that it was simple, fast and 
more sensitive than the reported method [2,6,8] with precision and accuracy equivalent. It is hoped that 
this will make FFT-SWV easier to use as well as provide enhanced sensitivity. Also, application of 
FFT-SWV to high-performance liquid chromatography is being considered. 
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