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Abstract- A high urea compound in human blood is indicated for kidney disease, urinary tract 

stones, and even bladder tumors. It is necessary to take several preventive measures, starting 

with detecting the urea compound. This study presents the preparation of a working electrode 

based on graphite-TiO2 (G/TiO2) composites immobilized into a glass tube for sensing urea 

compound under an electrochemical system. The G/TiO2 composites were successfully 

synthesized through a physical mixing method and then immobilized into a glass tube for 

fabricating a working electrode to sense the urea compound under the cyclic voltammetry (CV) 

technique. The material characterization results show that the nano-TiO2 powder is composed 

of irregular polycrystalline and amorphous, revealing a broad pattern with low intensity. 

However, the effect of amorphous materials on the expansion of the nano-sized XRD TiO2 
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pattern is negligible. In addition, the morphological analysis of graphite has a very tight layer 

of flakes with a smooth and uniform surface. At the same time, the G/TiO2 composites are also 

granule-shaped that attached to the graphite surface, identified to cover part of the graphite 

surface. Under the electrochemical performance test, the excellent composition of TiO2 

modifier is 0.5 g mixed into graphite to sense urea compound by using CV technique under a 

scan rate of 0.5 V.s-1 with 0.1M K3[Fe(CN)6] (+0.1M NaNO3) electrolyte solution. We obtain 

a standard deviation of 0.361403514 and a detection limit of 0.005976905 mg.L-1 with RSDr 

and PRSDr values of 5.51% and 3.13%, respectively. The performance of the electrodes over 

25 days showed a significant effect on stability over 10 days. 

 

Keywords- Sensor; Urea; Electrode; Material; Diseases  

 

1. INTRODUCTION  

The human body's metabolic process always produces residual substances that need to be 

excreted, such as liquids (sweat and urine), solids (feces), and gas (farts and belching) [1,2]. 

Chemically, it contains several organic/inorganic chemical components, i.e., carbon dioxide 

(CO2), water (H2O), ammonia (NH3), urea ((NH2)2CO), sodium chloride (NaCl), etc. that 

should be excreted the human body to stay healthy and free from various kinds diseases [3,4]. 

Specifically, the liquids waste substances in the human perspiration is a residual liquid 

substances released by the sweat glands with the main chemical contents as inorganic (NaCl, 

Na2HPO4, and NaH2PO4) and organic (L-histidine, lactic acid, and urea) [5,6]. Meanwhile, the 

urine substance contains several dissolved compounds such as ((NH2)2CO), H2O, ionic 

substances, and organic matter [7]. These metabolic waste products are released from the 

human body because it is no longer helpful for the body and should be released because they 

are toxic and can cause disease. 

High urea compound in human blood is indicated for kidney disease, urinary tract stones, 

and even bladder tumors [8,9]. Otherwise, decreased urea levels have shown severe damage to 

the liver system. As we know, the normal range of urea nitrogen in blood or serum is 5 to 20 

mg/dl [10]. Any elevations in levels of blood urea nitrogen (BUN) and/or serum creatinine 

were usually indicated structural renal disease because it is caused by prerenal (cardiac 

decompensation, dehydration excessive, increased catabolism of protein and high-protein diet) 

and cause of renal (glomerulonephritis, chronic nephritis acute, diseases polycystic kidney, and 

tubular necrosis) and postrenal causes (all types of obstruction of the urinary tract, such as 

kidney stones, enlarged prostate gland, and tumors) [11]. BUN is the end product of nitrogen 

as a urea compound that is rapidly dispersed in the blood and excreted through the kidneys as 

a urine component, and a small amount of urea is excreted through sweat [12]. This impact 

results in kidneys failure are one of the chronic diseases in Indonesia country [13]. So, it is 

necessary to take several preventive measures, starting with detecting the urea levels in the 

blood. Nowadays, the standard method has been applied for measuring blood urea levels using 

the spectrophotometric method [14,15]. It can measure urea concentration in the normal range 
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below with a detection limit of 5 to 20 mg/dL (50 to 200 mg.L-1) [16]. However, this method 

was required a large number of samples and difficult for users because of the high operation 

tool, expensive tests, and required special skills. Therefore, a faster and high-accurate 

analytical method is needed to detect blood urea levels, namely the electrochemical process. 

Electrochemistry provides a widely used analytical technique for detecting persistent 

organic pollutants due to its fast response, low cost, portability, and easy preparation [17–21]. 

This paper presents G/TiO2 composites preparation as a working electrode for detecting urea 

compounds based on the electrochemical method. This method is easily applied for measuring 

low concentration samples because it is very sensitive to the electric current generated from 

the redox reaction, which isto measure low concentration samples because it is very sensitive 

to the electric current generated from the redox reaction, proportional to the sample 

concentration [22–24]. An electrochemical sensor is most suitable for sensing urea compound 

in blood or urine because it applies the working principle of electrochemical interactions 

between analytes and electrodes to become analytically useful signals [25,26]. Importantly, the 

electrode components are required for experimental methods for electron transfer or analyte 

redox reactions [27–31]. 

The TiO2 semiconductor is an attractive material for working electrodes because of its 

advantages, such as high potential range, sensitivity, selectivity, inert, environmentally 

friendly, non-toxic, suitable for various sensors, and inexpensive [32–34]. Although, the 

graphite material is unstable electric current performance due to weak forces between layer 

planes material and the tendency of graphitic materials to fracture along planes. In this study, 

we present functionalized materials from graphite that serve as high-absorption of the urea and 

are forwarded into the TiO2 semiconductor to high-response of electrochemical performance. 

 

2. EXPERIMENTAL METHOD 

2.1. Preparation of graphite-TiO2 composites 

In this section, both samples are prepared as working electrode that will be applied to the 

voltammetric technique. First, we present a pristine graphite powder (Sigma, Aldrich, Dorset, 

UK) that has been crushed and sifted using 200 mesh. It was heated at 80°C to obtain a high 

porosity carbon material. Second, TiO2-P25 (Sigma, Aldrich, Dorset, UK) was easily prepared 

by sieving under 200 mesh and inserted into a porcelain dish and calcined at 500°C for 3 hours 

to obtain the TiO2 crystal. Both samples were mixed by adding liquid paraffin (Sigma, Aldrich, 

Dorset, UK) as a binder, and variated the mass composition of TiO2-P25 including 0.01 g, 0.1 

g, and 0.5 g. The G/TiO2 composites are stirred and inserted into a glass tube as an electrode 

body while being pressed to solidify and rubbed until smooth, flat, and shiny. 
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2.2. Electrochemical Performance 

2.2.1. Electrolyte test 

The electrochemical test was conducted to determine the high-current response of electron 

transfer under 0.01 M NaNO3 (Sigma, Aldrich, Dorset, UK) and 0.01 M K3[Fe(CN)6] (Sigma, 

Aldrich, Dorset, UK) as electrolyte solutions, then tested using a working electrode using the 

CV technique. This technique aims to determine the current and potential responses which is 

generated by the working electrode material against electrolyte solution. Experimentally, the 

preparation of 0.01 M NaNO3 and 0.01 M K3[Fe(CN)6] electrolyte solutions was applied by 

weighing 0.085 g NaNO3 (Mr= 85 g.mol-1) and 0.329 g K3[Fe(CN)6] (Mr = 329 g.mol-1) and 

dissolved by distilled water in a 100 mL volumetric flask to the lower meniscus line and 

homogenized. The voltammetry technique has been applied using a three-electrode system, 

namely G/TiO2 composites as a working electrode, Ag/AgCl as a reference electrode, and Pt 

wire as an auxiliary electrode. They are inserted into a voltammetry cell containing an 

electrolyte solution and measured in the potential range from -0.8 V to 0.8 V at a scan rate of 

0.5 V.s-1 to observe the optimal current response. 

2.2.2. Sensor parameters 

Electrodes are inserted into voltammetry cells containing 0.05 mg.L-1 urea compound 

[(NH2)2CO] (Sigma, Aldrich, Dorset, UK) and electrolyte solution. Optimum scan rate test 

measured by a variation of 0.1; 0,2; 0,5; and 0.05 V.s-1 under the potential range of -0.8 V to 

0.8 V. The high response of the scanning rate is applied for some further testing. The detection 

limit is also determined by varying the concentration of [(NH2)2CO] by 0.05; 0.1, 0.15, and 0.2 

mg.L-1 (+electrolyte) using CV techniques. The sample's current, potential, and concentration 

are plotted as linearity curves to find detection limits, where the smallest concentration still 

provides an analyte signal that the instrument can measure. We also tested electrode repeats by 

continuously measuring the best composition of the G/TiO2 composites for 30 times. This 

treatment uses cyclic voltammetry containing 0.05 mg.L-1 [(NH2)2CO]+[electrolyte] and is 

determined using the peak current of each measurement to determine the relative standard 

deviation (RSD) value of the G/TiO2 composites. In addition, reproducibility performance was 

also determined for 25 days in the range of every three days tested electrode activity. Finally, 

the selectivity test of the G/TiO2 composites uses 0.01, 0.05, and 0.1 mg.L-1 Pb(NO3)2 as an 

interference ion in the electrochemical system. 

2.2.3. Characterization of G/TiO2 composites 

TiO2 was characterized using X-Ray Diffraction (PANalytical, X'Pert PRO) to observe the 

crystal form of the resulting material. Morphological analysis was also determined to find 

material interactions between carbon and TiO2. Physical interactions of materials were 

monitored, such as surface and particle size, generally using a scanning electron microscope 
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(SEM FEI, Inspect-S50 with EDX). Then, functional groups were applied to observe the carbon 

bond and the presence of TiO2 material. 

 

3. RESULTS AND DISCUSSION 

3.1. Fabrication of working electrode based on a glass tube 

The working electrode body consists of copper wire, electrode tubes, and electrode 

materials. In particular, the copper wire is used as a conductor to transfer electrons from the 

material to the potentiostat. First, it is cut to a length of 5.0 cm and sanded until smooth, flat, 

and shiny; this is intended to current flow properly during the measurement process. After that, 

it is inserted into the glass tube. At the end of the electrode, it gives a little space for the 

electrode material to copper not come into direct contact with the electrolyte solution. The 

G/TiO2 material in the electrode that will be in direct contact with the electrolyte solution [35]. 

If the copper wire comes into direct contact with the electrolyte, it will affect the 

electrochemical results. G/TiO2 composites are the working electrode material prepared via 

physical contact with carbon, paraffin, and TiO2. Then, it was heated at 80°C and allowed to 

stand for 24 hours to solidify and increase the contact between particles. In this case, we varied 

the TiO2 with three weight variations, namely 0.01, 0.1, and 0.5 g, respectively, which were 

put in a glass tube to apply as a working electrode. 

 

 

Figure 1. Schematic illustration of the electrochemical test using three electrodes system 

 

3.2. Material Characterizations 

This section discussed the crystal form of TiO2 that has been calcined at 500°C for 3 hours. 

To elucidate the effect of TiO2 on the lattice structure of pure graphite, TiO2 was prepared via 

the calcination process to observe the crystal formed on the graphite surface [36]. According 
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to Maulidiyah et al. [37], the formation of high crystallinity in TiO2 material can be activated 

under the calcination process at a temperature of 500°C to obtain anatase or rutile crystals. 

Experimentally, we observed visually that the calcined TiO2 has fine aggregates and clean 

(white) particles. This method also aims to remove impurities mixed with TiO2. After that, it 

was characterized using an XRD instrument to observe the crystallinity of the materials (Figure 

1). 

 

Brookite) = B and R=Rutile, (A=Anatase, powder 2TiO and graphite of pattern XRD 2. ureFig 

 

To elucidate the TiO2 crystal form in high-performance are needed several parameters, 

including the crystalline, atomic, and molecular structure and phase evaluation [38]. The TiO2 

calcinated was evaluated using the corresponding XRD pattern, shown in Fig. 2. The anatase 

peaks that are located at 2θ = 25.35°, 37.01°, 37.87°, 38.57°, 47.59°, 53.95°, 55.07°, 62.70°, 

68.75°, and 70.29° are assigned as (101), (103), (004), (112), (200), (105), (211), (118), (116), 

and (220) that has been confirmed with JCPDS No. 84-1286 and reported by [39]. In otherwise, 

the rutile peaks also that are detected at  2θ = 29.49°, 36.03°, and 43.23° are assigned as (110), 

(101), and (210), then one peak detected of brookite crystal located at 2θ = 48.57° (231), 

respectively. The rutile and brookite have been confirmed with JCPDS No. JCPDS 88-1175 

and JCPDS No. 39-1360 [39,40]. These results suggested that the nano-TiO2 powder is 

composed of irregular polycrystalline. Amorphous revealed a broad pattern with low intensity; 

however, the effect of the amorphous materials on the broadening of the XRD patterns of nano-

sized TiO2 is negligible [39].  

We also reported the results of morphological analysis on graphite and G/TiO2 composites 

by varying magnifications of 1000 times, 5000 times, and 20,000 times. Based on Figure 3, the 

surface of graphite has extremely close flake layers with a smooth and uniform surface. The 
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physical treatment at a temperature of 80°C resulted in intercalated graphite [41]. According 

to [41], the expanded graphite is formed by the collapse of the parallel boards of the intercalated 

graphite, which deforms randomly, resulting in many pores of different sizes. In addition, they 

also confirm that individual graphite nanosheets are not single graphene, but consist of several 

layers of graphite sheets, and the surface morphology of graphite material is delicate and 

irregular sheets, as has already been observed in Figure 3b and Figure 3c. While the G/TiO2 

composites are granule-shaped and the surface is white, it is identified to cover part of the 

graphite surface. TiO2 powder (approximately 1 m) densely loaded on the graphite (Figure 3d, 

3e, 3f) that closely combined and covered some parts with the graphite surface. The graphite 

and TiO2 were attributed to the lattice oxygen (Ti-O) in TiO2 and the surface hydroxyl group 

of TiO2 (Ti-OH) that formed with C-O bonds [36]. 

 

 

Figure 3. Image of graphite (a: 1000 times, b: 5000 times, and c: 20000 times) and G/TiO2 

composites (d: 1000 times, e: 5000 times, and f: 20000 times) 

 

EDX spectra data of graphite and G/TiO2 composites were measured at a voltage of 15 kV. 

The spectrum is a characteristic X-ray captured by a Si detector. The graphite EDX Figure 4a 

shows that the carbon atoms (C) and oxygen atoms (O) have the quantities captured by each 

detector at 0.15 and 0.25 KeV. The significant atomic intensity of C is due to the graphite 

structure consisting of the bonds of the carbon atoms. However, the graphite is not pure, which 

is only suspended over carbon atmos, since it still finds Si element appear probably due to the 

chamber effect of SEM-EDX [42]. For G/TiO2, the Titanium atoms (Ti) have been detected at 

4.5 and 4.9 KeV, and still finds Ca and Si elements appear probably due to the chamber effect 

of SEM-EDX and TiO2 isolated from the mineral sand. 
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Figure 4. EDX spectra; (a) graphite and (b) G/TiO2 composites 

 

3.3. Electrochemical Performance 

3.3.1. Electrolyte Test 

For the electrolyte test, we applied the G/TiO2 composites mobilized into a glass tube under 

electrolyte solutions K3[Fe(CN)6] and NaNO3 with CV technique. In addition, electrolyte 

variations aim to compare the performance of electrodes produced against current responses 

from peak values Ipa (current anodic) and Epa (potential anodic) and as good stability for 

electron transfer in the system. The electrolyte tests were examined with three electrodes 

system, namely Ag/AgCl as the reference electrode, platinum wire as the auxiliary electrode, 

and working electrode based on G/TiO2 composites mobilized into a glass tube. It was put into 

each solution of 0.1M K3[Fe(CN)6], 0.1 M NaNO3, and 0.1M K3[Fe(CN)6] (+0.1M NaNO3). 
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Figure 5. Voltammogram of G/TiO2 composites; (A) CV curve with the difference of 

electrolyte solution, and (B) The Ipa and Epa values based on the difference of electrolyte 

solution 

 

Based on the results show (Figure 5A) that 0.1M K3[Fe(CN)6] (+0.1M NaNO3) has 

produced the highest current response with an Ipa value of 126 µA. It is due to reversible 

electrochemical behavior and an easy electron transfer in the system. Then, the K3[Fe(CN)6] is 

an electroactive oxidizing agent capable of capture electrons well with a standard potential 

value of 0.35 V [43]. The role of NaNO3 electrolyte serves as a conductor of electric current in 

the solution so that the analyte is not affected by the difference in potential changes that are 

given quickly [44,45]. It is a suitable electrolyte that will be used in subsequent analyses. Fig. 

5B exhibits the Ipa and Epa values based on Fig. 5A, the oxidation and reduction responses 

based on the peak of high current and potential from each electrolyte. The excellent 

A

B
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performance using K3[Fe(CN)6] (+0.1M NaNO3) electrolyte against working electrode which 

characterized by the high current response and low error. It is due to the reversible redox 

reactions in the voltammetric cell according to the following equation (1): 

 

Fe(CN)6
3- (aq) + e- Fe(CN)6

4- (aq) (E° = 0.356 V)      (1) 

 

A comparison of anodic and cathodic peak currents states that the reactions in the Fe(CN)6
3-

/Fe(CN)6
4- system are reversible [46]. 

 

3.3.2. Sensor Performance Test 

3.3.2.1. Mass optimization of TiO2 modifier in graphite material 

The mass variation effect was examined against the TiO2 modifier mixed into the graphite 

material and tested by the CV technique. It can provide information on the redox reactions of 

organic compounds from the electron movement of currents. In addition, the electrode that 

gives the highest peak current value and is close to the reversible reaction is selected as the best 

electrode. Anodic and cathodic peaks indicate the number of electrochemical reaction steps 

and are indicators of reaction reversibility [47]. Determination of mass optimization of TiO2 

modifier was carried out by testing each G/TiO2 composites as a working electrode made in 

several mass variations of modifier, namely 0.01 g, 0.1 g, 0.5 g, and without TiO2. Each 

electrode was immersed in a voltammetric cell containing 0.1M K3[Fe(CN)6] electrolyte 

solution (+0.1M NaNO3). After obtaining a good mass optimization of the TiO2 modifier in 

graphite, it was used for further analysis based on the validity of the sensor, such as linearity, 

repeatability, selectivity, sensitivity, and detection limit. The results of the measurement of the 

mass variation of the TiO2 modifier are shown in Figure 6. 

 

  

Figure 6. Voltammogram with added and without the addition of TiO2 modifier 
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Figure 6 shows the voltammogram results measured by a scan rate of 0.5 V.s-1 under a potential 

range of -0.8 V to 0.8 V. The peak current formed on the voltammogram represents the periodic 

movement of electrons from the chemical reaction on the electrode surface. The mass ratio of 

G/TiO2 affects the current produced, where each electrode gives a different current response. 

The highest peak current value of Ipa is generated with the mass of the TiO2 modifier with 0.5 

g of Ipa value of 121 µA and the Epa value of -0.01 V. The increasingly large mass of the TiO2 

modifier will generate the highest peak value of Ipa caused by the presence of TiO2 as 

semiconductor material that contributes to high electron transfer by inducing electron signals. 

The electrons in TiO2 will move from the valence band to the conduction band resulting in high 

electron movement, while graphite's role as an electron stabilizer is for the electron transfer 

rate to run well [48–50]. The working electrode was fabricated with 0.5 g of TiO2 modifier as 

an excellent electrode for generating a higher current response than another mass. 

3.3.2.2. Determination of detection limit 

In this section, a linearity test was examined to identify the characteristics of a sensor to 

represent the size of the sample quantity range. The high concentration is proportional to the 

high current response to observe the range of sample concentrations between the signals 

generated by the potentiostat instrument against sample concentration. The relationship 

between current response with sample concentration has an impact on the current response. It 

is the basis for determining the value of the detection limit for analytical measurements. 

Experimentally, the urea compound as a sample is determined by measuring the concentration 

of 0.05; 0.10; 0.15, and 0.2 mg.L-1 in K3[Fe(CN)6] electrolyte. Determination of linearity area 

and detection limit of urea compound was carried out using scan rate 0.5 V.s-1 with a potential 

range from -0.8 V to 0.8 V, and the measurement results are made a calibration curve of the 

relationship between urea concentration on the X-axis and Ipa value on the Y-axis as shown in 

Figure 7. 

Figure 7 is the result of a linearity curve, where Figure 7a is a cyclic voltammogram with 

a difference in sample concentration. The increase of current response is proportionalto the 

increase of samples concentration, while Figure 7b is the Ipa value plotted against the 

concentration. The data showed that the linearity equation had been obtained with a slope value 

of 181.424 and an intercept of 60.464, with a linear regression value of R2 = 0.99619, 

categorized as a linearity area approaching 0.999 or 1. Linearity also describes the sensitivity 

of the working electrode, expressed from the slope value of the graph. If the response is linear, 

the sensitivity will also be the same for the entire measurement range. Figure 7b is used as 

reference data to determine the detection limit to calculate the standard deviation. Based on the 

experiment results, we obtained a standard deviation value of 0.361403514 and a detection 

limit value of 0.005976905 mg.L-1. This suggests that G/TiO2 electrode has good detection 

capabilities for urea compound with high sensitivity. 
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Figure 7. Linearity curve, (a) Cyclic voltammogram with concentrations variation and (b) Ipa 

value versus concentrations 

 

3.3.2.3. Repeatability and Reproducibility tests 

In general, both tests were characterized as precision tests with time differences. The 

repeatability test is a precision test to determine the degree of conformity between the results 

of the electrode test with the average value obtained in repetition at one time, while. In contrast, 

the reproducibility test is a precision test at on some days. Experimentally, these tests were 

applied to observe the working electrode stability in a urea solution of 0.05 mg. L-1 30 times, 

while the reproduction test is examined every 3 days checked for 25 days which aims to find 

out the optimum period of G/TiO2 composites that is still feasible in the determination of urea. 

The measurement results can be seen in Figure 8.  

Based on Figure 8, repeatability and reproducibility tests showed that the working electrode 

experienced decreased performance with time-increase variation due to saturation on the 

surface and oxidation reactions in the material. The repeatability test of the G/TiO2 electrode 

(Figure 8a and Figure 8b) can be determined by calculating the standard deviation (SD) and 
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relative standard deviation (RSD) based on the peak flow result of 0.05 mg.L-1 urea so that we 

obtained an SD value of 4.54 and the average current of 85.53 µA with RSDr and PRSDr values 

of 5.51% and 3.13%, respectively. The repeatability test is well stated if the HorRat ratio is less 

than 2 [51–53]. Based on the results of calculations, the G/TiO2 electrode is declared stable. 

On the other hand, the reproducibility test also experienced a decrease in performance within 

a few days. Figure 8c and Figure 8d can be seen that the optimum stability electrode 

performance was shown at 10 days based on the current value data generated above 80.507 

µA. The continuous electrode used can cause a thickening of the diffusion layer on the working 

electrode surface, resulting in slower electron transfer and a decrease in peak current [54]. 

 

 

Figure 8. Repeatability and Reproducibility tests; (a) Voltammogram of repeatability, (b) 

Repeatability graph, (c) Voltammogram of reproducibility, (d) Reproducibility graph 

 

3.3.2.4. Interference ions test 

We also tested the addition of interference ions Pb(NO3)2 (0.01, 0.05, and 0.1 mg.L-1) into 

the electrochemical system to observe the selectivity of specific ions in the solution and assess 

the potentiometry sensor due to the presence of interference ions will affect the analytic signals 

recorded by the instrument. In solution, Pb(NO3)2 will decompose into Pb2+ and NO3
2- ions 
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which will destabilize the NH3 of the urea compound decomposed by aqueous solutions. The 

selected Pb(NO3)2 as a disrupting compound because it is abundant in the air, soil, and water, 

ing for the development of more widespread pollution transmission to the human body. This 

compound will eventually enter the blood and will be excreted through urine. Figure 9 shows 

that the presence of interference ions in the system can affect the measurement results, along 

with the increase in the concentration of Pb(NO3)2 indicating a low Ipa value due to the presence 

of interfering ions attached to the electrode surface, the number of sample ions at the electrode 

decreases, the diffusion layer thickens to slow electron transfer and saturation on the electrode 

surface. 

 

 

Figure 9. Voltamogram of the effect of Pb(NO3)2 in urea compound 

 

4. CONCLUSION 

We conclude that the graphite mixed in TiO2 powder as a working electrode material has 

been achieved via the physical mixing under an environmentally friendly technique. The nano-

TiO2 powder is composed of irregular polycrystalline, and amorphous ,revealing a broad 

pattern with low intensity. In addition, morphology analysis of graphite has shown the very 

tight layer of flakes with a smooth and uniform surface. At the same time, the G/TiO2 

composites are granule-shaped, the surface is white and identified to cover part of the graphite 

surface. The electrochemical performance shows the TiO2 modifier is 0.5 g mixed into graphite 

for use as a working electrode to detect urea compounds under scan rate 0.5 Vs-1 with 0.1M 

K3[Fe(CN)6] (+0.1M NaNO3) electrolyte solution. The experiment obtained a standard 

deviation value of 0.361403514 and a detection limit value of 0.005976905 mg.L-1 with RSDr 

and PRSDr values of 5.51% and 3.13%, respectively. The performance of the electrodes over 

25 days showed a significant effect on stability over 10 days. 
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