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Introduction and study objectives  

 The presence of antibiotics in the environment and especially in water has gained increasing 

attention. The antibiotics are considered the emergent pollutants in water and the development of their 

quantitative determination methods has been get growing attention. Tetracycline antibiotics as one 

kind of pharmaceuticals and personal care products (PPCPs) are widely distributed environmental 

pollutants. They are used extensively in veterinary and aquaculture medicine, and excreted to 

environment with a combination of intact and metabolized pharmaceuticals. The abuse of tetracycline 

or other antibiotics in aquaculture and farming industry has certain drawbacks, such as antibiotic 

residues in water and food or provoking allergic symptoms in human. Thus, the identification and 

detection of these pollutants in environment is important.  

Traditional determination methods for determination of tetracycline (TC) depended on large 

equipment and complicated procedure for sample pretreatment, which were improper for on-site 

detection or routine analysis. Thus, there is a high demand for a simple, fast, and sensitive method for 

the determination of tetracycline in water samples. In this context, electrochemical methods with fast 

and simple operation should be suitable for the determination of tetracycline in water. Also, the 

electrochemical methods are known to exhibit the great potential for high-performance analytical 

methods but their performance is in direct relation to the electrode material and the operating 

techniques. Carbon nanofiber-epoxy composite (CNF) electrode is considered as one class of the 

appropriate supportive carbon material due to the large surface-to-volume ratio and excellent electrical 

conductivity for chemically modified electrode characterized by enhanced electrocatalytic and sensing 

properties.  

This paper presents the results obtained for the detection of tetracycline in water using    

CoAl2O4 modified carbon nanofiber-epoxy composite electrode (CNF- CoAl2O4) using voltammetric 

and amperometric techniques.       

            Methodology 

The electrochemical experiments were performed using an Autolab Pontentiostat/Galvanostat 

PGStat 302 (EcoChimie, The Netherlands) controlled with GPES 4.9 software and three-electrode cell 



with saturated calomel electrode as reference, platinum electrode as counter-electrode and the carbon 

nanofiber-epoxy composite electrode (CNF) modified with cobalt aluminate CoAl2O4 as working 

electrode. The electrode CNF was modified by simple immersion within an aqueous suspension (10 

mg mL-1) of cobalt aluminate CoAl2O4. 

Results and conclusions 

The electrochemical techniques applied for electrochemical characterization and analytical 

applications were cyclic voltammetry, square-wave voltammetry and chronoamperometry. Square-

wave voltammetry operated under optimized working conditions, i.e., step potential  of 10 mV, 

modulation amplitude of 200 mV and frequency of 20 Hz, allowed reaching the best sensitivity of 

13.04 µAµM-1 and the lowest limit of detection of 0.023 µM for TC determination in water. 

0.0 0.2 0.4 0.6 0.8 1.0 1.2

-10

0

10

20

30

40

50

60

70

80

90

0 2 4 6 8 10

-10

0

10

20

30

40

50

60

70 y = -6.7 + 6.978x

R
2
 = 0.990

E = 1.1V


I 

/ 

A

TC concentration, M

I 
/ 

A

 1_0.1M Na
2
SO

4

 2_1 M TC

 3_2 M TC

 4_3 M TC

 5_4 M TC

 6_5 M TC

 7_6 M TC

 8_7 M TC

 9_8 M TC

 10_9 M TC

 11_10 M TC

E / V vs. SCE

 

0.0 0.2 0.4 0.6 0.8 1.0 1.2

40

60

80

100

120

140

160

180

200

220

240

0 2 4 6 8 10

0

20

40

60

80

100

120 y = -13.931+13.040x

R
2
= 0.988

E = 1.05V


I 

/ 

A

TC concentration,M

I 
/ 

A

E / V vs.SCE

 1_0.1 M Na
2
SO

4

 2_1M TC

 3_2M TC

 4_3M TC

 5_4M TC

 6_5M TC

 7_6M TC

 8_7M TC

 9_8M TC

 10_9M TC

 11_10M TC

 

Fig.1. Cyclic voltammograms recorded on CNF- 

CoAl2O4 electrode in 0.1 M Na2SO4 supporting 

electrolyte and various TC concentrations; Inset: 

Calibration curve of current vs TC concentrations; 

Fig.2.Square-wave voltammograms recorded on 

CNF-CoAl2O4 electrode in 0.1 M Na2SO4 

supporting electrolyte and various TC 

concentrations; Inset: Calibration curve of current 

vs TC concentrations; 

Based on the results of this study, it can be concluded that CoAl2O4 modified carbon nanofiber-

epoxy composite electrode is appropriate for tetracycline detection in water and the future work will 

consider the other antibiotics in real water. 
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