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ABSTRACT 

A micro total analysis system is described for the determination of norfloxacin. The paper-based microfluidic 

analysis system with micro electrode was designed and fabricated via a wax dipping method. The paper-based analysis 

devices(PADs) system was prepared using Whatman No.1 filter paper. The wax dipping method was used to fabricate 

hydrophillic hallow channel and hydrophobic barrier to allow analyte solution diffusion to detection zone. The detection 

system was home-made MWCNTs working micro electrode coupled withelectroanalytical method. Norfloxacin can be 

determined by measuring their oxidation peak current. A linear relationship between the oxidation peak current and 

norfloxacin concentration was obtained over the concentration range of 0.5-10.0 mg L-1norfloxacin with a correlation 

coefficient (r2) of 0.9967. The limit of detection (LOD) defined 3σ was 0.38 mg L-1 together with the limit of quantitation 

(10σ) of 0.61 mg L-1 for norfloxacin. The relative standard deviations (%RSD) of 2.0 mg L-1 norfloxacin was 4.53% 

(n=11). The proposed PADs system incorporates homemade micro electrode reduces reagent consumption and waste 

production and could thus be considered to be more environmentally friendly. 
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INTRODUCTION 

Background/Objectives and Goals 

Due to scientific and public concern about the environment pollution, environmentally friendly practices 

have been introduced in different areas of society and research. In green analytical chemistry, the main principles 

are to replace toxic reagents, to miniaturize and to automate methods, making it possible to reduce dramatically 

the amounts of reagents consumed and wastes generated, so reducing or avoiding side effects of analytical 

methods [1]. With this background, Green Analytical Chemistry (GAC) started as a search for practical 

alternatives to the off-line treatment of wastes and residues in order to replace polluting methodologies with clean 

ones. Green Chemistry is the use of chemistry techniques and methodologies that reduce or eliminate the use or 

generation of feed stocks, products, by-products, solvents, reagents, etc. that are hazardous to human health or the 

environment [2]. The microfluidic system (also called lab on a chip, micro flow analysis or micro total analytical 

system (µTAS), is one of the green analytical chemistry techniques that are rapid, highly sensitive, low reagent 

and sample consumption, low waste production and cost effectiveness[3]. Moreover, it relates to the 

miniaturization of all function in chemical analysis, such as sampling, removal of interferences, small amount of 

chemical consumption, and small size of mixing and reaction chamber. The entire chemical measurement device 

could be miniaturized onto a few squares centimeters. The reduction in device size also allows for increasing 
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flexibility resulting in location of instruments at or near the site of use.  

Various materials such as silicon [4], quartz [5], glass [6], metals [7], polymers [8] and paper [9] have been used 

to construct micro reactors.Important considerations in material choice include chemical compatibility, ease and 

reproducibility of fabrication, whether or not the material supports electro-osmotic flow (EOF) with the solvents of 

interestand compatibility with detection methods [10]. Paper-based analytical devices (PADs) have been introduced [11] 

by a landmark study of the white sides’s group at Harvard University in 2007 as a low-cost alternative for quantitative 

chemical measurement. Relative to traditional assays, PADs are easy to operate, consume small reagent volumes, low cost, 

simple disposal, portability and provide rapid results (typically in min) [12-15]. Paper-based analytical devices can be 

easily constructed by inserting hydrophobic walls on paper [16, 17]. Several methods are available for patterning channels 

of hydrophilic surfaces on filter paper with different costs and resolution [18]; Wax dipping is a simple, rapid and cheap 

fabrication technique that also provides good resolution and repeatability [19]. This method involves a single step and 

requires only a hot plate for patterning hydrophilic and hydrophobic areas. Moreover, Wax is a material generally used 

worldwide because it is inexpensive and non-toxic. The movement of liquid samples within the hollow channels is 

governed by capillarity so this device does not require the use of pipettes, syringes, needles, pumps, chromatographic or 

electric energy [1]. Therefore, paper-based analytical devices can provide quick results and uncomplicated analysis, 

without the need for a full laboratory setting.  

Norfloxacin is an important antibacterial agents developed in the 1980s. These quinolonas are effective against 

gram-positive and gram-negative bacteria through selective inhibition of bacterial DNA synthesis [20-21]. It is the first 

choice drug for the treatment of diseases caused by Campylobacter, E. coli, Salmonella, Shigellaand V. colera [22]. 

Norfloxacin is approved to use in a wide range of gastrointestinal, urinary, respiratory tract, prostatitis, sexually transmitted 

diseases and ocular and skin infections [23]. It is also used in patients with intra-abdominal infections in combination with 

antianaerobic agents. In general, fluoroquinolones are well tolerated, with most side-effects being mild to moderate. On 

occasion, serious adverse effects occur. Common side-effects include gastrointestinal effects such as nausea, vomiting, and 

diarrhea, as well as headache and insomnia. Susceptible groups of patients, such as children and the elderly, are at greater 

risk of adverse reactions during therapeutic use. 

In this work, a new paper-based microfluidic device has been fabricated using home-made MWCNTs paste as a 

working electrode for electrochemical analysis of norfloxacin in food and pharmaceutical samples. 

MATERIALS AND METHODS 

Apparatus 

Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) were performed with EChem v.2.1.13 

software using a potentiostat (EDAQ EA161, Australia).  

Whatman No.1 filter paper was purchased from GE Healthcare, Ltd. (England). White paraffin and 

Polymethylmethacrylate sheet (1 mm thick) were purchased from a local area shop in Chiang Mai, Thailand. Magnetic 

sheet (1 mm thick) and permanent magnets was purchased from a stationary shop in Chiang Mai, Thailand. 

Reagents and Solutions 

All chemicals were of analytical reagent grade and were used without further purifications. All solutions were 

prepared with distilled deionized water (obtained by a system of Milli-Q Millipore, USA) 
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MWCNTs was obtained fromDepartment of Physics (Chiang Mai University, Thailand) and silver conducting 

paste was purchased from Sigma-Aldrich, South Korea. Poly Vinyl Chloride was obtained from Sigma-Aldrich, UK and 

prepared in acetone, cyclohexanone(Sigma-Aldrich, UK) mix solution. 

A stock solution of norfloxacin (1000mg L-1) was prepared by dissolving 0.1000 g of norfloxacin(Sigma, USA) 

with 100 mLdistilled deionized water and the working solutions were obtained by dilution with potassium chloride 

solution. The stock solution was prepared daily to avoid decomposition. 

A 0.5 M potassium chloride (Fluka, USA), which served as a supporting electrolyte, was prepared by dissolving 

19.6053 g ofKCl (in water in 500 mL volumetric flask). 

Wax Dipping Fabrication Method 

A pattern of PADs hollow channels was designed with 2.0 mm wide and 36.0 mm long. Pattern of hollow channel 

had one inlet and one outlet holes for solution in and out. At the end of hollow channel had three branch(2.0mm wide and 

14 mm long) for working, auxiliary and reference electrodes. After that, this pattern was engraved onto magnetic sheet 

with CNC machine to be mould for the following step. This mould can be repeatedly used to produce numerous pieces of 

paper based microfluidic devices. 

For the wax dipping method, paraffin wax was put in a beaker and heated until they melted using a hotplate.               

To ensure that the temperature was kept in the range of 125 - 135 ◦C, the temperature was monitored throughout the 

experiment by means of a thermometer. What man No.1 paper was cut into a 3.0 cm × 5.0 cm piece and placed onto a 

PMMA plate. Then, the mould was put onto the paper, and it was temporarily attached by means of magnetic force using a 

permanent magnet placed on the backside of the PMMA plate. Next, the assembly was dipped into a chamber of melted 

wax for 1 s. After the paper was cooled to room temperature, it was peeled off, and the mould was removed from the 

paper. The wax-dipping fabrication process for the PADs is shown in Figure 1.The wax dipping method uses melted wax 

to coat a hydrophobic barrier onto paper while the hydrophilic channel is protected by mould. When the paper was dipped 

into the melted wax, themelted wax penetrated into the membrane of the paper where as the area obscured by the mould 

did not absorb the melted wax.Therefore, patterns of hydrophobic and hydrophilic areas were generatedon paper. By wax 

dipping fluid could retain within the hydrophilic channel; therefore, this area could be used for the experiment.  

Sensors Construction 

For the electrodes preparation, MWCNTs paste was used as the working electrode (WE) and the counter electrode 

(CE); Silver conductive paste was used as the reference electrode (RE) 

MWCNTs paste electrode was prepared by mixing an accuracy weight of MWCNTs with PVC solution                       

(in 1:1 acetone and cyclohexanone) and continuous stirred until a homogeneous mass was obtained. 

In this case, all electrodes were stencil-screened on patterned paper and then were cured at room temperature.    

The paper-based device designed in this study for electrochemical detection is shown in Figure 2. 

Application of Pads with Electrochemical Method 

The solutions of KCl was prepared and used as the supporting electrolyte because it could react with the surface 

of Ag paste electrode to create the Ag/AgCl reference electrode.The solutions of norfloxacin were prepared from stock 

solution diluted with KCl solution, mixed well and then analyte solutions were transferred into the inlet reservoir.                 
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Then the cell was allowed to equilibrate for another 10-15 min before electrochemical measurement. After that cyclic 

voltammogramof Norfloxacin and the KCl blank solutions were scanned over a range of -1.0 to 1.5 Vvs. Ag/AgCl at a 

scan rate 100 mV/s using EDAQ potentiostat and the signals were recorded with the Echem 2.1.13 software. 

The differential pulse voltammetry method was used for quantitative analysis. The standard or sample solution 

containing norfloxacin was dropped into inlet reservoir. Then it was allowed to equilibrate for another 10-15 min.                  

The solutions flowed to detection area by capillary force. The oxidation current of norfloxacin was detected compared with 

Ag/AgCl reference electrode in the potential range of 0 to 0.9 V. 

Sample Preparation 

Twenty tablets were powdered and a quantity of the powder equivalent to 25 mg of the norfloxacin was extracted 

by shaking with 30 mL water, followed by another two extractions, each with 20 mL of water. The extracts were filtered 

through Whatman No. 41 filter-paper into a 100 mL volumetric flask and then diluted to volume with water.  

Fish samples were collected from open market in Chiang Mai Province, Thailand. Approximately 1 g (accurately 

weighed) of homogenized fish samples were weighed into digestion vessel a mixture of 1.0 mL, 2.0 mL HNO3-HClO4 

(1:1) and 5.0 mL H2SO4 were added. The mixtures were then heated at a temperature at 250 ˚C in an oven until the 

solutions were clear. After standing them to cool to room temperature the samples were transferred into each separated 50 

mL volumetric flask and made up to the mark with deionized distilled water.In order to obtain optimum conditions, the 

samples were added with potassium chloride and alizarin under optimum concentrations. Finally, it was mixed well and 

subsequently analyzed by the proposed method as described above and the results were evaluated. HPLC was applied as 

reference method. 

RESULTS AND DISCUSSIONS 

Electrochemical Behavior of Norfloxacin 

The electrochemical behavior of MWCNTs paste electrode was studied by cyclic voltammetry. The cyclic 

voltammetry of potassium chloride supporting electrolyte solution was examined. No peak was registered for the micro 

electrodes on PADs. For norfloxacin in potassium chloride solution was investigated over a range from -1 to 1.5 V               

(versus Ag/AgClreference electrode), using potentiostat operating at differential pulse voltammetry mode. It was found 

that norfloxacin exhibited an oxidation peak in a range of 0 to 0.9 V as shown in Figure 3. Therefore, the potential of 0 to 

0.9 V (versus Ag/AgClreference electrode) was chosen for the quantitative analysis in differential pulse voltammetry. 

Effect of Differential Pulse Voltammetric Parameters 

Differential pulse voltammetry is the technique typically used to quantitative detection and/or determination of a 

given electrochemical active analyte, and so differential pulse voltammetry on this paper device was tested for norfloxacin 

detection. The differential pulse voltammogram of norfloxacinwas clearly observed in the range of 0 to 0.9 V vs. Ag/AgCl. 

To obtain the optimal conditions for the quantitative analysis, 1 ppm of norfloxacin in potassium chloride was used 

throughout the optimization of experimental conditions approach.  

For differential pulse voltammetry, the effects of the pulse amplitude and step potential on the peak current were 

examined. Initially the pulse amplitude was varied from 25 to 200 mV, where the peak currents of norfloxacin increased as 

the pulse amplitude increased Figure 4, additionally, peak broadening was also observed. Therefore, the pulse amplitude of 
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50 mV was chosen as a trade-off between the peak height and peak broadening.  

Then, the effect of the step potential was evaluated over the range of 2mV to 10 mV, where the optimal value was 

found to be 6 mV because above 6 mV the slight increment in the peak intensity was observed Figure 5. Consequently, 

these pulse amplitude (50 mV) and step potential (6 mV) were chosen as the optimum electrochemical conditions. 

Effect of Mwcnts Pasteconcentration 

The conductivity of norfloxacin in potassium chloride solution is greatly increased in the enlargement of 

MWCNTs concentration. Sufficient MWCNTs can form effective conductivity electrode for norfloxacin determination.             

In order to obtain the greatest conductivity, the MWCNTs concentration should be optimized. The influence of MWCNTs 

concentration on the determination of norfloxacin was studied at different values in the range of 2.0 g L-1 to 16.0 g L-1.       

The results were shown in Figure 6 that the sensitivity increased with increasing MWCNTs concentration up to 12.0 g L-1. 

After that the sensitivity decreased rapidly. High concentration of MWCNTs caused heterogeneous solution and 

aggregation of dried MWCNTs electrode that obstructed electron transfer in working electrode. Therefore, a MWCNTs 

concentration of 12.0 g L-1was fixed for subsequent experiments for norfloxacin determination. 

Effect of PVC Concentration in Mwcnts Paste  

The effect of PVC concentrations in MWCNTs paste on the sensitivity was investigated at various PVC 

concentrations from 2.0%m/v to 10.0%m/v. The results are presented in Figure 7. It was found that sensitivity increased 

from 2.0%m/v to 6.0%m/v. After that, the sensitivities decreased rapidly. These might be due to the fact that                         

non-conducting PVC is a binder in the paste and PVC concentration effected to texture of the paste. The appropriate 

concentration can form homogeneous solution. The PVC concentration beyond 6.0%m/v the conductivity decreased 

rapidly indicating that the excess concentration of PVC has high viscosity. Cluster of MWCNTs was occurred and 

oxidation peak current was decreased. Consequently, to reduce non-conductivity component in this paste a concentration 

of 6.0 %m/v was chosen as the optimum PVC concentration. 

Effect of Potassium Chloride Concentration 

In electrochemical detection method, the supporting electrolyte concentration has a significant impact on the 

ionization and redox reaction of each analyte. Therefore, optimization of KCl concentration was performed for the 

electrochemical detection of norfloxacin. The effect of KCl concentration on the oxidation current was examined in the 

range of 0.1 mol L-1to 0.8mol L-1.The results are presented in Figure 8. It was found that conductivity increased rapidly 

from 0.1 mol L-1to 0.3 mol L-1KCl and that the sensitivity began to increase slightly. After that, the conductivity remained 

constant. To reduce reagent consumption and side-effect in electrochemistry determination, a KCl concentration of 0.3mol 

L-1 was chosen as the optimum reagent concentration. 

Effect of Sample Volume 

The influence of sample volume was investigated by aspirating different volumes (10-50 µL) of norfloxacin 

solutions into the system via an inlet reservoir. The results are shown in Figure 9. As would be expected the sensitivity 

increased as the sample volume increased. However, at above 30 µL peak broadening was also observed owing to the 

larger dispersion was obtained as soon as the sample volume was increased to some extent. In order to reach a reasonable 

compromise between sensitivity and response time a sample volume of 30 µL was considered to be optimum value. 
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Analytical Performances for Electrochemical Detection of Norfloxacin 

The norfloxacin solutions were investigated by DPV under optimal conditions. Defined peaks withcurrents 

proportional to the norfloxacin concentration in the applied standard were observed as shown in Figure 10. It was found 

that the calibration curve was linear over the range of 0.5-10.0 mg L-1, which was expressed by the regression equation 

y=4.3196x+0.1486 (r2=0.9967) where  is oxidation peak current of norfloxacin and   is norfloxacin concentration in mg L-1 

after subtraction of blank. The limit of detection (LOD) was obtained at concentration as low as 0.38mgL-1, basedon a 

signal-to-noise ratio (S/N) of 3, and the limit of quantization (LOQ) at 0.61mgL-1based on S/N of 10. The relative standard 

deviation (%RSD) was 4.53% (n=11) for 2.0 mgL-1of norfloxacin standard solutions. 

Real Sample Analysis 

In order to determinate the accuracy and precision of the method, three commercial tablets and nine different fish 

samples were analyzed for their norfloxacin contents by the recommended voltammetricmethod after appropriate sample 

preparation procedure. Typical analytical results correspond to the mean values of three replicate determinations are 

summarized in Table 1. The accuracy of the developed electroanalytical method with Paper-based analytical device was 

verified by comparing the analytical results obtained by DPV method with that obtained by high-performance liquid 

chromatography (HPLC) method for the same samples. The agreement of the compared result was tested by the student’s 

t-test statistical approach. The means of both analytical methods were found to be not differ significantly, since all the 

calculated t-test values were less than the theoretical value (4.30) at the 95% confidence level. There is no statistical 

evidence that the means result of the proposed voltammetric method differ significantly from those of the reference 

method. 

CONCLUSIONS 

A practical, rapid, cost effective, accurate method for the norfloxacin determination of norfloxacin was 

successfully developed using a paper-based analytical device with electrochemical detection method. The fabrication 

procedure is simple, cost-effective and reproducible and the resulting self-made device has been adopted as a basis for 

developing a novel method for norfloxacin determination using differential voltammetry. The performance of the 

developed method using the fabricated device was tested for determining the standard drug solution. It is shown that 

method has good analytical performance. The differential pulse voltammetry provided a well-defined oxidation peak of 

norfloxacin. The applicability of the developed sensor in real samples has proven by the detection of norfloxacin in 

selected food and pharmaceutical samples. This platform has shown an effective technique for reduced chemical and 

reagent consumption. As a result, this technique provides a green chemistry method for norfloxacin determination. 

Therefore, it is suitable for routine analysis for quality control in industries e.g., drug and food industries. With suitable 

slight modification, the device could be applied for analyzing a wide range of real samples. 

Table 1: Comparative Determination of Norfloxacin in Fish and Commercial 
 Tablets Samples by Proposed Pads Method and HPLC 

Samples 
Concentrations (mg L-1) 
PADs*  HPLC *  

Norfloxacin tablet1 

(labeled amount 400 mg) 
408.14 403.87 

Norfloxacin tablet2 
(labeled amount 400 mg) 

395.67 394.87 
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Fish2 
Fish3 
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            average of triplicate results

Figure 1: Fabrication Process 
 Wax Dipping 

Figure 2: Fabricated 
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Table 1: Contd., 
Norfloxacin tablet3 
labeled amount 400 mg) 

398.12 404.35 

 ND** ND** 
 ND** ND** 
 0.241 0.229 
 1.224 1.148 
 ND** ND** 
 0.854 0.981 
 1.571 1.334 
 0.752 0.687 
 1.745 1.821 

average of triplicate results**not detected 

Process of the Pads Using the Wax Dipping Method (A) Magnetic 
Wax Dipping and Sensors Construction (B) Procedure for Patterning 

Paper in Top View (C) Lateral View 
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Figure 6: Relationship between Concentration of Mwcnts and Oxidation  
       Peak Current of Norfloxacin by the Proposed Method 

 

Figure 7: Relationship between Concentration of Poly Vinyl Chloride And  
                   Oxidation Peak Current of Norfloxacin by the Proposed Method 

 

Figure 8: Relationship between Concentration of Potassium Chloride Solution and  
      Oxidation Peak Current of Norfloxacin by the Proposed Method 
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Figure 9: Relationship between Sample Volume and Reduction  
                   Peak Current of norfloxacin by the Proposed Method 

 

Figure 10: The Differential Pulse Voltammogram of Standard Norfloxacinsolution in 
Concentration Range of 0.5 Mg L-1 To 10.0 Mg L-1 
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