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ช่ือวทิยานิพนธ์  การพฒันาเซนเซอร์ทางเคมีไฟฟ้าและประยุกตใ์ชส้ าหรับวิเคราะห์ทาง  
               ส่ิงแวดลอ้มและทางการคลินิก 

ผู้เขียน   นายอสัมี สอและ 
สาขา   เคมี 
ปีการศึกษา  2561 

บทคัดย่อ 

วิทยานิพนธ์ฉบบัน้ีพฒันาเซนเซอร์ทางเคมีไฟฟ้าส าหรับตรวจวดัไฮดรอกซีลามีนใน

ส่ิงแวดล้อมและตรวจวดัโดพามีน กรดยูริกและกลูโคสพร้อมกันในด้านคลินิก ประกอบด้วยสอง

งานวิจยัย่อย งานวิจยัแรกพฒันาเซนเซอร์ทางเคมีไฟฟ้าส าหรับตรวจวดัไฮดรอกซีลามีนด้วย

ขั้วไฟฟ้ากลาสซีคาร์บอนท่ีปรับปรุงผิวหนา้ดว้ย อนุภาคนาโนพาลาเดียม–กลาสซีคาร์บอนทรงกลม 

โดยใชเ้ทคนิคแอมเพอโรเมทรีร่วมกบัระบบโฟลวอิ์นเจคชนั ศึกษาลกัษณะสัณฐานของอนุภาคนา

โนพาลาเดียม–กลาสซีคาร์บอนทรงกลมและพฤติกรรมทางเคมีไฟฟ้าของไฮดรอกซีลามีนบน

ขั้วไฟฟ้าท่ีปรับปรุงดว้ยอนุภาคนาโนพาลาเดียม–กลาสซีคาร์บอนทรงกลมด้วยกล้องจุลทรรศน์

อิเล็กตรอนแบบส่องกราดและเทคนิคไซคลิกโวลแทมเมทรีตามล าดับ จากนั้นศึกษาสภาวะท่ี

เหมาะสม ไดแ้ก่ ปริมาณอนุภาคนาโนพาลาเดียม–กลาสซีคาร์บอนทรงกลมท่ีใช้ส าหรับปรับปรุง

ผิวหนา้ขั้วไฟฟ้า ศกัยไ์ฟฟ้า ปริมาตรสารตวัอยา่ง และอตัราการไหล ภายใตส้ภาวะเหมาะสมพบวา่ 

ขั้วไฟฟ้าท่ีพฒันาข้ึนให้ความสัมพนัธ์เชิงเส้นในช่วงความเขม้ขน้ 25 – 25,000 ไมโครโมลาร์ มี

ขีดจ ากดัการตรวจวดั 36 ไมโครโมลาร์ และขีดจ ากดัการตรวจวดัเชิงปริมาณ 120 ไมโครโมลาร์ 

นอกจากน้ีขั้วไฟฟ้าท่ีพฒันาข้ึนมีเสถียรภาพท่ีดี (%RSD < 5.3 (n=73)) 

งานวจิยัท่ีสองพฒันาเซนเซอร์ทางเคมีไฟฟ้าโดยใชร้ะบบขั้วไฟฟ้าท างานคู่ส าหรับตรวจวดั

กลูโคส กรดยูริกและโดพามีนพร้อมกัน ปรับปรุงผิวหน้าขั้วไฟฟ้าท างานท่ี 1 ด้วยวสัดุกราฟีน

ออกไซด์ ส าหรับตรวจวดักรดยูริกและโดพามีนดว้ยเทคนิคแอดซอฟทีพสทริปปิงโวลแทมเมทรี 

และขั้วไฟฟ้าท างานท่ี 2 ดว้ยปรัสเชียนบลูกราไฟท์/ไคโตซาน/เอนไซม์กลูโคสออกซิเดสส าหรับ

ตรวจวดักลูโคสดว้ยเทคนิคโครโนแอมเพอโรเมทรี ศึกษาสภาวะท่ีเหมาะสมส าหรับเตรียมขั้วไฟฟ้า

และการตรวจวดั ภายใตส้ภาวะท่ีเหมาะสม โดพามีนมีความสัมพนัธ์เชิงเส้นในช่วง 0.10-30 ไมโคร

โมลาร์ และ 30-80 ไมโครโมลาร์ ขีดจ ากดัการตรวจวดั 0.080 ไมโครโมลาร์ กรดยูริกมีช่วงความ

เป็นเส้นตรงในช่วง 0.20-10 ไมโครโมลาร์ และ 10-30 ไมโครโมลาร์ มีขีดจ ากดัการตรวจวดั 0.11 
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ไมโครโมลาร์ และกลูโคสมีช่วงความเป็นเส้นตรงในช่วง 15-1,500 ไมโครโมลาร์ มีขีดจ ากดัการ

ตรวจวดั 5.7 ไมโครโมลาร์ นอกจากน้ีเซนเซอร์ทางเคมีไฟฟ้าระบบขั้วไฟฟ้าท างานคู่ท่ีพฒันาข้ึน

ให้ผลการท าซ ้ าและร้อยละการไดก้ลบัคืนท่ีดี  เม่ือใช้เซนเซอร์ท่ีพฒันาข้ึนตรวจวดัโดพามีน กรด

ยริูกและกลูโคสในตวัอยา่งพลาสมา โดยเปรียบเทียบกบัวธีิมาตรฐานจากโรงพยาบาล พบวา่ผลท่ีได้

ไม่มีความแตกต่างกันอย่างมีนัยส าคญั (P >0.05) ซ่ึงสามารถยืนยนัว่าวิธีท่ีพฒันาข้ึนน้ีสามารถ

ตรวจวดัโดพามีน กรดยริูกและกลูโคสในตวัอยา่งจริงได ้
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Abstract 

 

Electrochemical sensors were developed for the determination of 

hydroxylamine in environmental monitoring and the simultaneous determination of 

dopamine, uric acid, and glucose in clinical analysis. Two projects were undertaken. 

The first project reports the development of an electrochemical sensor for the detection 

of hydroxylamine by flow injection amperometry based on a glassy carbon electrode 

(GCE) modified with a nanocomposite of palladium nanoparticles and glassy carbon 

spheres (PdNPs-GCS). The surface morphology and electrochemical behavior of 

hydroxylamine on the PdNPs-GCS modified electrode were characterized by scanning 

electron microscope and cyclic voltammetry, respectively. The amount of PdNPs-GCS 

used to modify the electrode, the working potential, the sample volume and the flow 

rate were optimized. Under the optimal conditions, this sensor provided a wide linear 

concentration range of 25 to 25,000 µM. The limit of detection (LOD) and the limit of 

quantitation (LOQ) were 36 µM and 120 µM, respectively. Moreover, it provided good 

stability (%RSD < 5.3 (n=73)). 

The second project involved the development of a novel electrochemical sensor 

using a system of dual working electrodes for the simultaneous determination of 

glucose, uric acid and dopamine. A graphene oxide-modified glassy carbon electrode 

(GO/GCE) was fabricated and used with adsorptive anodic stripping voltammetry to 

detect uric acid and dopamine while a chitosan/glucose oxidase/prussian blue-graphite 

modified glassy carbon electrode (Chi/GOx/PB-G/GCE) was fabricated and used for 

chronoamperometric glucose detection. The fabrication and operating conditions for 

both electrodes were optimized. Linearity was obtained in the ranges of 0.10 to 30 µM 

and 30 to 80 µM for dopamine, 0.20 to 10 µM and 10 to 30 µM for uric acid and 15 to 

1,500 µM for glucose. The system provided detection limits (LOD = 3σ/S) of 0.080 

µM, 0.11 µM, and 5.7 µM for dopamine, uric acid and glucose, respectively. This dual 
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working electrode system showed good reproducibility and excellent recovery for the 

simultaneous determination of dopamine, uric acid, and glucose. When used to analyze 

dopamine, uric acid, and glucose in blood plasma samples, the results agreed well with 

those from conventional methods (P>0.05), confirming the potential of this system to 

simultaneously determine these three analytes in real samples. 
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The Relevance of the Research Work to Thailand 

 The purpose of this Master of Science Thesis in Chemistry (Analytical 

Chemistry) is the development of electrochemical sensors for application in 

environmental and clinical analysis. The electrochemical sensor developed for 

environmental application could improve the quality of the environment by determining 

hydroxylamine in wastewater. The second electrochemical sensor, developed for 

application in clinical chemistry, simultaneously determined glucose, uric acid and 

dopamine in biological fluids. This development could improve the efficiency of 

treatment, and the specificity of diagnosis in hospitals. Moreover, these sensors could 

be applied as alternative analysis methods by the Ministry of Public Health, Ministry 

of Environment and Ministry of Education in Thailand. 
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1. Introduction 

1.1 Background and rationale 

Nowadays, the improvement of health and wellbeing is regarded as the most 

important determinant and the main objective of world-class research. One facet of life 

and wellness is the presence or absence of disease or infirmity, which is directly 

proportional to the ability to monitor not only disease but also food quality and safety 

along with environmental hazards: functions that demand continuous tracking and 

prompt action.  Developing accurate, selective, stable and sensitive monitoring is an 

essential part of research into innovations that satisfy these demands [1-3].  

Electrochemical sensors are a powerful tool in analytical chemistry. They 

determine substances by using the electrochemical properties of the substances.  A 

sensor detects a variant quantity of the target analyte and converts measurements into 

signals based on suitable transducing mechanisms. Electrochemical sensors are simple, 

sensitive, selective, portable (on-site analysis) and fast. Compared with other 

instruments, they require minimum sample treatment, low-cost instrumentation and use 

small quantities of reagent [4]. Electrochemical methods have been widely used in 

clinical, food, forensic and environmental applications. This thesis focuses on 

environmental (i.e. hydroxylamine) and clinical chemistry (i.e. glucose, uric acid and 

dopamine).   

Hydroxylamine ( NH2OH) , a derivative of ammonium, is widely used in 

industry and pharmacology as a reducing agent. It is a key intermediate in the nitrogen 

cycle and production of nitrous oxide [5].  Hydroxylamine is a well-known mutagenic 

agent, which induces highly specific mutations in the nucleic acid cytosine.  Modest 

levels of hydroxylamine can be toxic to humans, animals and even plants. Recently, the 

dangers of hydroxylamine exposure were highlighted by the occurrence of two major 

accidents: one in the USA in February 1999, which killed five people, and the other in 

Japan in June 2000, which killed four people [6, 7].  However, hydroxylamine cannot 

react chemically on a bare glassy carbon electrode. Therefore, it is necessary to modify 

the surface of the electrode to enable electrochemical detection of hydroxylamine. 
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With regard to the clinical application of electrochemical sensing, an aging 

population is a critical problem in many countries and the diagnosis and management 

of several diseases is a necessity for the elderly. Common diseases such as diabetes, 

kidney disease, heart disease, Parkinson's disease and Alzheimer's disease are 

overrepresented in elderly patients [8, 9]. These diseases can be diagnosed based on the 

levels of certain biomolecules in the human body, especially glucose, uric acid and 

dopamine. Glucose levels in blood are related to the diagnosis of diabetes, alcohol 

consumption, obesity and high cholesterol. Early diagnosis and treatment of diabetes is 

important, and normal levels of glucose in blood fall in a range from 4.4 to 6.6 mM 

[10]. Uric acid (UA), meanwhile, is an important metabolic product of purine [11]. The 

normal level of UA in blood is in a range from 0.13 to 0.46 mM, and abnormal UA 

levels in human blood can be related to gout, high blood pressure, kidney disease and 

heart disease [12]. Dopamine (DA) is one of the most important catecholamine 

neurotransmitters in the central nervous system. The range of basal levels of DA in 

humans is from 10 nM to 1 µM, and an unusual level of DA in human body fluids can 

indicate diseases such as schizophrenia, Parkinson's disease, and Alzheimer's [13-15]. 

Independent detection of glucose, UA, and DA using various electrochemical 

techniques has been reported in the literature. However, a single assay that can 

simultaneously detect these three biomolecules would be valuable in clinical diagnosis 

and could improve treatment efficiency and diagnostic specificity. Additionally, this 

assay could save time and reduce the required sample quantity and device cost. 

1.2 Objective 

The aim of this study is to develop electrochemical sensing systems for 

applications in environmental and clinical analysis. Two subprojects were undertaken. 

Subproject I:  The development of a glassy carbon electrode modified with 

palladium nanoparticles and glassy carbon spheres (PdNPs-GCS) for the determination 

of hydroxylamine (Paper I). 

Subproject II:  The development of an electrochemical sensor for simultaneous 

determination of DA, UA and glucose, using a dual working electrode system and two 

electrochemical techniques: adsorptive anodic stripping voltammetry (WE1, 
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GO/GCE), for determination of DA and UA, and chronoamperometry (WE2, 

Chi/GOx/PB-G/GCE) for determination of glucose (Paper II). 

2. Electrochemical sensor 

Electrochemical sensors are devices that detect the interaction between a target 

analyte and a recognition layer (electrode) and then produce an electrical signal. That 

signal is transmitted by coupling a chemically selective layer (the recognition layer) to 

an electrochemical transducer [16]. Therefore, electrochemical sensors consist of two 

major components: the recognition layer and the transducer. In addition, 

electrochemical sensors can be classified as working in static or dynamic mode. 

Static sensors are used in static conditions, or batch mode, where no flow occurs 

between the electrode and the analyte. This system is governed by diffusion and 

Brownian motion. Also, the concentration of the analyte in the cell remains unchanged 

[17]. Electrochemical batch mode is most commonly used in the development of an 

electrochemical sensor (this method was applied in Paper I).  

On the other hand, dynamic sensors produce an electric current response to an 

oxidation or reduction reaction. This method, characterized by a flow of analyte in 

solution across an electrode with a large specific area, is known as flow detection. The 

advantage of this method is the enhanced mass transport. A fresh solution is constantly 

transported to the electrode surface and no buildup of products can occur at the 

electrode surface since they are continuously washed away. Moreover, flow systems 

make automation easier, leading to more reproducible experiments [18]. (This method 

was applied in the work detailed in Paper II). 

2.1 Electrode modification 

 Electrodes used in electrochemical sensors consist of a counter electrode (CE), 

a reference electrode (RE) and a working electrode (WE) [19]. This three-electrode cell 

with one working electrode is the most common setup used in electrochemistry but a 

three-electrode system with dual working electrodes is an interesting way to enhance 

electrochemical performance. This type of system can determine more than one analyte, 
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shorten analytical time and reduce detection cost. In this system, the auxiliary electrode 

(AE) and the reference electrode (RE) are equally shared. 

The material used to modify the electrode is a crucial component for the sensing 

element, which can dramatically increase the response signal, reduce the overpotential 

of the analyte, broaden the determination dynamic range, and improve detection 

sensitivity and specificity.  In recent years, composite electrode modification layers 

have incorporated carbon materials, metallic materials, composite materials and 

enzymes. 

2.1.1 Carbon material  

Carbon materials, possessing good conductivity, can be used as a substrate 

supporting metal nanoparticles and conducting polymers that have electrocatalytic 

activity. Graphene oxide (GO) is one of the most widely used carbon materials in 

electrochemical sensors because it not only has unique electrical and chemical 

properties, but also possesses other useful properties, such as high oxygen-containing 

chemical groups that provide excellent hydrophilicity [20-22]. Paper II describes how 

GO was used to improve the surface area of an electrode and the determination of the 

optimal GO loading that provided the best sensitivity for the determination of uric acid 

and dopamine (Figure 1).  
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Figure 1 The sensitivity (slope of the calibration plot of 2-10 µM of UA and DA) of 

an electrode modified with different amounts of graphene oxide (GO) (Paper II).  

 

2.1.2 Composite material 

Composite materials combine two or more different components that are 

expected to compensate the deficient characteristics of each component. The concept 

has led to various developments in electrochemical sensors, such as nanocomposite 

materials for improved electrocatalytic detection of target analytes, and nano-composite 

materials utilized as transducers for enzyme-based biosensors. 

Paper I describes the development of a nanocomposite of palladium 

nanoparticles and glassy carbon spheres (PdNPs-GCS) that was used to improve the 

sensitivity of the developed electrochemical sensor. Glassy carbon spheres (GCS) are 

an interesting candidate support material. The material exhibits excellent conductivity, 

a wide potential window, structural stability, a large surface area and thermal insulation 

[23]. They have been used with metal nanoparticles to fabricate nanocomposites that 

enhance the catalytic activities of electrodes. Palladium nanoparticles (PdNPs) are 

preferable to platinum or gold due to their lower price and they not only have great 
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catalytic, adsorptive, and other useful properties themselves but can also be used as 

additives for other functional materials to enhance their catalytic properties [23-25]. 

Paper I describes how a nanocomposite of PdNPs-GCS was used to improve the 

electrocatalytic oxidation of hydroxylamine (Figure 2). Moreover, nanocomposite 

materials can be utilized as transducer materials for enzyme-based biosensors  

(Paper II). 

 

 

Figure 2 The sensitivity (slope of the calibration plot of 0.1-10 mM of UA and DA) 

of an electrode modified with different amounts of PdNPs-GCS (Paper I). 

 

Enzymes with specific catalytic functions can be used as electrode modification 

materials to fabricate electrochemical sensors. Due to the high specificity of enzymes, 

enzyme biosensors can avoid interference from other substances during the detection 

process. Besides that, enzyme biosensors also exhibit the advantages of short detection 

time and high sensitivity. This section will focus on a glucose biosensor. The working 

principle of this electrode depends on the signal change induced by an enzymatic 

reaction. It is well known that hydrogen peroxide (H2O2) is a product of enzymatically 

catalyzed reactions [26]. The redox mediator prussian blue (PB), or ferric ferrocyanide 

(Fe4
III [FeII(CN)6]3), has excellent electrocatalytic properties for H2O2 reduction at low 
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applied potential [27]. Since the bimolecular rate constant of PB (3 × 103 M-1s-1) for the 

reduction of H2O2 is comparable to the enzymatic rate for peroxidase (2 × 104 M-1 s-1), 

PB can act as an “artificial peroxidase” [28]. Moreover, the high catalytic activity and 

selectivity of  PB lowers the operating potential (around 0.1 V) sufficiently to prevent 

or greatly reduce the contribution not only from potential interfering compounds [29] 

but also from UA and DA (Eox> 0.1 V). So, it can measure glucose in the presence of 

UA and DA without interference. Figure 3 shows a calibration curve between the 

current and the concentration of glucose at a GOx/Chi/PB-G/GCE (Paper II). 

 

 

Figure 3 Calibration curve of concentration of glucose in the range from 15 to 1500 

µM at GOx/Chi/PB-G/GCE (Paper II).  
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2.2 Transducer  

A transducer is a device that transforms the response from the reaction between 

the target analyte and the recognition layer into an electrical signal ( current or 

potential) . Meanwhile, in a biosensor system, transducers change the energy carrying 

the chemical information of an analyte into useful analytical signals: one of them is an 

electrochemical signal.  

2.2.1 Electrochemical transducer  

In this research work, cyclic voltammetry (CV), linear sweep voltammetry 

(LSV), chronoamperometry and amperometry (Amp) will be investigated.        

2.2.1.1 Cyclic voltammetry 

Cyclic voltammetry (CV) is one of the most commonly used techniques for 

studying the electrochemical behavior of electroactive species on an electrode surface. 

It can be carried out by sweeping a range of voltage between two values in forward and 

backward directions starting from V1 to V2 and back to V1 (excitation waveform)  

(Figure 4). The resulting faradaic current is measured from a cyclic voltammogram. 

For analyte identification, the cyclic voltammogram provides a unique reaction 

potential for each substance. The analyte can be quantified from the analyte peak 

current at its oxidation or reduction potential [30]. In this work, this method was applied 

to study the electrochemical behavior of hydroxylamine on variously modified 

electrodes (Figure 5a) (Paper I) and the electrochemical behavior of dopamine and 

uric acid on a bare glassy carbon electrode, a glassy carbon electrode modified with 

graphene oxide (Figure 5b) (Paper II) and a glassy carbon electrode modified with 

chitosan/GOx/PB-G (Figure 5c) (Paper II). 
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Figure 4 Typical input (a) and output (b) waveforms for cyclic voltammetry [31]. 
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Figure 5 (a) CV curves of GCE (i), GO/GCE (ii) and PdNPs/GO/GCE (iii) in 0.1 M 

phosphate buffer solution pH 7 (Paper I): (b) CV curves of bare GCE and GO/GCE 

for measurement of 100 µM DA and 100 µM UA: (c) CV curves of PB/ GCE ( i) , 

Chi/PB-G/GCE ( ii) , GOx/Chi/PB-G/GCE ( iii)  (Paper II) and GOx/Chi/PB-G/GCE 

with glucose (iv) in a 0.10 M acetate buffer solution at pH 5.0 containing 0.10 M KCl 

(Paper II). 

 

2.2.1.2 Adsorptive stripping voltammetry (AdSV) 

 Adsorptive stripping voltammetry (AdSV) is widely used to enhance the 

sensing range and the sensitivity of electrochemical techniques. It consists of two steps. 

During the first step, accumulation, target analytes in the solution are accumulated on 

the working electrode surface by adsorption (physical or chemical). In the second step, 
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stripping (detection), the accumulated analytes are stripped from the working electrode 

surface into solution, which is accomplished using different voltammetry modes for 

reduction or oxidation of the accumulated analyte (Figure 6) [32, 33]. This method was 

applied for the measurement of UA and DA as reported in Paper II. 

 

 

Figure 6 AdSV: (a) the potential-time waveform and (b) the resulting voltammogram. 

 

2.2.1.3 Chronoamperometry 

Chronoamperometry is one of the most commonly used techniques employed 

with sensors. Typical waveforms used in chronoamperometry are shown in Figure 7(a). 

As with cyclic voltammetry, this technique is undertaken with a stationary electrode in 

a quiescent solution, initially at a potential where the target analyte does not undergo 

any electrochemical reaction. The potential is then stepped to a point beyond that 

required for the target analyte to be electrochemically oxidised or reduced. Here its 

surface concentration becomes effectively zero. The resulting current–time dependence 
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is monitored: a typical profile is shown in Figure 7(b) [31]. In this work, this method 

was applied for the measurements of glucose described in Paper II. 

 

 

Figure 7 Typical input (a) and output (b) waveforms for chronoamperometry [31]. 

 

2.2.1.4 Amperometric 

In amperometric detection, a fixed potential is applied to a working electrode 

sufficient to cause oxidation or reduction of the target analyte on the electrode surface. 

The resulting electric current is directly proportional to the analyte concentration and is 

measured as a function of time [34]. The study reported in Paper I used amperometric 

detection coupled with flow analysis, or flow injection amperometry (FI-Amp). 

FI-Amp is one of the most popular techniques of analysis and has been applied 

in clinical, pharmaceutical, food processing and industrial and environmental fields 

[35-38]. It has the capacity to obtain excellent results in terms of speed, precision and 

accuracy through the automation of analytical processes [35]. FI-Amp is based on the 

injection of a target analyte into a carrier solution continuously propelled through a 

narrow tube by a pump. Electroactive analytes are injected through an injection port 

and passed through a working electrode (electrochemical detector). In this research 



 

 

 

13 
 

work, this method was applied in the work described in Paper I for the measurement 

of hydroxylamine, as shown in Figure 8. 

 

 

Figure 8 FI-Amp responses of PdNPs/GO/GCE for the detection of various 

concentrations of hydroxylamine 
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3. Analytical performance criteria 

The analytical performances of the developed method need to be evaluated to 

show the applicability in real samples. The validation characteristics for this analytical 

method are selectivity, linearity and limit of detection ( LOD) , reproducibility, 

selectivity and recovery. 

3.1 Linearity 

An important parameter in a quantitative analytical method is linearity.  The 

definition of linearity is a response to an analyte in a sample which is directly 

proportional to the concentration of the analyte [ 3 9 ] .  The linearity was obtained by 

plotting current response vs. analyte concentrations. The linearity was evaluated by 

considering a correlation coefficient that was greater than 0.99 [40].  In this thesis, the 

plots of the responses vs. the analyte concentrations were employed for the linear sweep 

voltammetric and chronoamperometric sensor ( Paper II)  and amperometric sensor 

(Paper I).  

3.2 Sensitivity  

The sensitivity of a method is determined by the slope of a linear calibration 

plot of the ratios of response change and the analyte concentration. If a small change in 

the concentration of the analyte causes a large change in the response, the method is a 

sensitive method [39]. In this thesis, sensitivity was evaluated by the current change vs. 

analyte concentration (Paper I-II). 

3.3 Limit of detection  

The limit of detection (LOD) is the lowest concentration of an analyte that can 

be detected. Many methods can be used to calculate the LOD, in this thesis the LOD 

was calculated based on the following equation: LOD = 3Sy/B, where Sy is the standard 

error of estimate ( residual standard deviation)  in regression, and B is the slope of the 

linear regression  [41] (Paper I-II). 
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3.4 Reproducibility  

Reproducibility expresses the closeness of individual measurements of an 

analyte under the same condition [ 3 9 ] .  In this thesis, the reproducibility of the 

fabrication sensor was investigated by comparing the response of the analyte to 

different electrode preparations, in the same laboratory, with the same equipment and 

the same operator (Paper II). The relative standard deviations (RSD) of the sensitivities 

were used to indicate the acceptability of the developed sensors [42].   

3.5 Selectivity 

Selectivity is the efficacy of the method to determine the target analyte 

accurately and specifically in the presence of other components in a sample matrix [39]. 

In this thesis, the selectivity of the sensor for detection of the target analyte was 

investigated by testing with various possible interference species present in real samples 

(Paper II). 

3.6 Recovery 

  The accuracy of an analytical procedure can be described as the closeness of 

agreement between the true value or an accepted reference value and the found value 

[39]. The recovery of an analytical method aims to estimate the true value of the analyte 

concentration to confirm the accuracy of the developed sensor. Recovery is determined 

by spiking a known analyte concentration into a sample, then comparing the measured 

concentration to the known concentration. This applied method was used in the work 

described in Paper II. 
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4. Concluding Remarks 

 This thesis focused on the development of electrochemical sensors to be applied 

in the environment for the detection of hydroxylamine and in clinical applications to 

detect glucose, UA and DA. The work describes the modification of electrodes with 

various materials that possess unique properties. The aims of the work were to achieve 

good performances and good responses from the contributions of the modifying 

materials. 

 Hydroxylamine detection by flow injection amperometry was based on a glassy 

carbon electrode (GCE) modified with a composite of palladium nanoparticles and 

glassy carbon spheres (PdNPs-GCS). PdNPs improved the electrocatalytic oxidation of 

hydroxylamine. The glassy carbon spheres have excellent conductivity, a wide potential 

window, structural stability, a large surface area and provide thermal insulation. The 

PdNPs-GCS-modified GCE exhibited high sensitivity and good stability with a low 

detection limit (Paper I). 

Glucose, UA and DA detection was based on a dual working electrode system 

for the simultaneous detection of DA, UA and glucose, using adsorptive stripping 

voltammetry and chronoamperometry. The results from this sensor displayed good 

linearity, low detection limits and indicated good reproducibility.  The preparation of 

the dual working electrode sensor is relatively simple. This sensor determined glucose, 

UA and DA in blood samples with excellent accuracy, providing an alternative 

diagnostic tool for medicine.  This system may open up a new path for further 

simultaneous electrochemical sensing (Paper II).  
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Electrochemical sensor for hydroxylamine detection based on palladium 

nanoparticle –glassy carbon spherical (PdNPs-GCS) modified on 

glassy carbon electrode.  
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