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Abstract – Oxytetracycline (OTC), a widely used of veterinary antibiotic, was degraded inside a 

UV/H2O2 system. Kinetic study was conducted at 30
o
C of temperature and pH 6.37, as suggested by 

the previous optimization experiment. About 250, 375 and 500 ppm initial OTC concentration were 

used for the kinetic studies, at H2O2 concentration of 0.116 M. The experimental data were plotted 

against the pseudo zero-th, first and second order of kinetic. Based on regression coefficient value, 

the data was well fitted with the pseudo first order of kinetic. The calculated value of kobs was 0.181 

min
-1

.  
 

Introduction 

Large amounts of antibiotics are produced, consumed and applied to treat bacterial diseases in 

humans and animal [1]. The high consumption of antibiotics led to the increasing amount of their 

contamination to our environment. Antibiotics may enter our water stream from human and animal 

excretion in metabolized or unmetabolized form, and also subsequent discharge from hospital or 

other medical facilities [2]. These antibiotic contaminations have been detected in surface and 

ground water, drinking water, tap water, ocean water, sediments and soil [3-4]. Accumulation of 

antibiotics in the natural ecosystem could produce antibiotic-resistant bacteria within the bacteria 

host, modify the indigenous microbiota and also damage the internal organ of aquatic animal [5-7].  

Based on their main structure, antibiotics may be classified as: β-lactams, Tetracyclines, 

Aminoglycosides, Quinolones, Macrolides, Glycopeptides, and Sulfonamides.  Tetracyclines, 

Sulfonamides, Penicillin and Tylosin are the most widely used antibiotic in pig and poultry farm in 

Semenanjung area of Malaysia [8]. However, the most extensively used antibiotics in animal 

feeding operations are Tetracycline class, including food additive for systemic bacterial infections 

therapy in farmed fish, growth simulator in livestock and stress reduction in pig and poultry [8-

12].Tetracycline, chlortetracycline, doxycycline and oxytetracycline are tetracycline group of 

antibiotics that widely used.  Due to its consumption as well as it possible high amount of detection 

in our environment, detailed information on tetracycline group removal method are needed. 

Therefore, in this degradation study oxytetracycline (OTC) was chosen as the model contaminant of 

tetracycline group of antibiotics (Fig.1).  
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Fig.1.  Chemical structure of  OTC  

 

Extremely resistant to biological degradation process is a distinct characteristic of antibiotics, 

hence the research have been directed towards the application of non-biological processes for their 

destruction, one of them is advanced oxidation processes (AOPs) [3]. AOPs are capable of 

transforming organic pollutant into non toxic substances which relies on the attack of highly 

reactive species on the organic pollutant, such as hydroxyl radicals (•OH) [3, 12]. The radical attack 

will be followed by series of degradations oxidation reaction of the organic compound and lead to 

the formation of CO2 and H2O as the final product. Oxytetracycline degradations have been 

achieved by applying Fenton process, ozone process, UV photolysis, UV/H2O2 system, simulated 

sunlight irradiation, photocatalytic using TiO2/zeolite, electrochemical oxidation, Mn-peroxidase  

and γ-pulse irradiation [13-22]. 

In this paper, the kinetic of OTC degradation inside a UV/H2O2 system was studied by calculating 

the reaction order and kinetic rate constant. These parameters are important to evaluate the system 

performance as well as the suitable operational parameter for OTC degradation.  
 

Materials and Methodology 

Materials. Oxytetracycline hydrochloride (Merck, Germany) was used as the source of organic 

contaminant. Hydrogen peroxide 30% (Merck, Germany) was used as the source of hydroxyl 

radical. Acetonitrile (Merck, Germany), Methanol (Merck, Germany) and Oxalic acid (Systerm, 

USA) were used as the mobile phase for the HPLC analysis.  

Methods. The experiments were carried out inside a glass reactor (400 mL volume) which 

irradiated with low pressure UV lamp (8W, GPH295T5L; Serial no. EC90277, USA). During 

irradiation, the solution was magnetically stirred and cooled using water flows inside the reactor 

jacket.  Antibiotic and H2O2 were added inside the reactor. To monitor the progress of degradation, 

about 5 mL of liquid samples are drawn from the reactor at scheduled times. Initial pH was adjusted 

by adding drops of concentrated NaOH or H2SO4. For all these experiments, optimum pH and 

temperature were then used. These optimum conditions were determined previously by using Box-

Behnken experimental design with Response Surface Methodology [23]. Constant irradiation time 

(30 min) and H2O2 concentration (0.116 M) were employed for all the experiments. In this study, 

about 250-500 ppm of OTC concentration was used.   

OTC concentrations were measured using HPLC (Agilent 1100 Series) equipped with a Zorbax 

SB-C18 column (250mm x 4.5 mm, 5 µm) at 30
o
C. Mobile phase of 70% H2C2O4 0.01M, 20% 

acetonitrile and 10% methanol were used. OTC peak detection was performed with UV detector at 

355 nm.  
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Results and Discussion 

The kinetic degradation of OTC was analyzed based on the assumption that the rate of reaction 

depend on OTC concentration only and hence the rate of OTC degradation expressed as : 

nOTCk
dt

OTCd
r ][

][
=−=           (1) 

Based on this basic assumption, OTC concentration will be fitted against the pseudo zero-th 

(Eq. 2), first (Eq. 3) and second (Eq. 4) order of kinetic, following the equation as listed bellow: 

tkOTCOTC obst =− 0][][           (2) 

tk
OTC

OTC
obs

t

=

][

][
ln

0           (3) 

tk
OTCOTC

obs
t

=−

0][

1

][

1
         (4) 

where n is the order of reaction, 0][OTC =  initial concentration of organic C;  tOTC][  = 

concentration of organic C at time t; kobs = kinetic rate constant; t = time (min).  

 

 
 

(a) (b) 

 
(c) 

Fig. 2 Plot of OTC degradation for (a) pseudo zero-th, (b) pseudo first and (c) pseudo second order  

 

Table 1 Regression coefficient of fitted kinetic equation 

[OTC] (ppm) Zero-th order First order Second order 

250 0.735 0.959 0.719 

375 0.840 0.995 0.764 

500 0.954 0.997 0.939 

In this present study, the experimental data were fitted accordingly based on the pseudo zero-th, 

first and second order of reaction respectively. The fitted plots of OTC degradation were shown in 

Fig.2.  Table 1 the estimated correlation coefficients (R
2
) for all the fitted equation. The table 

indicates that the present OTC degradation data fits well with pseudo first order kinetics with higher 

R
2
 values (0.947-0.995) with the calculated kobs was found to be equal with 0.181 min

-1
.  
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This result is in accordance with previous results on the degradation of tetracycline groups, such 

as photolysis of tetracycline hydrochloride and photolysis and hydrolysis of OTC, which also 

follow the pseudo-first order kinetics [15-19, 21]. However, the ozonation and fenton treatment of 

OTC extracted from manure sample as well as UV/H2O2 process for 5 µM OTC followed the 

pseudo-second order kinetics [9, 21].  

The OTC degradation progress was monitored by observing the presence of OTC parent 

compound peak in the HPLC chromatogram. Then, it was followed by comparing the peak area of 

partially degraded OTC solution with the standard OTC solution. In this HPLC analysis, the 

detector used was the UV detector due to capability of OTC parent compound to have high UV 

absorbtivity at 355 nm. Hence minor structural modification such as the dissociation of hydrogen 

atom due to pH changes during the reaction will shift the wavelength of maximum absorbance in 

the UV region [23]. As it mentioned earlier, the initial pH for all experiments were 6.36. As shown 

by Fig. 3, after 10 min of irradiation, pH value was reduced nearly half of its initial value (pH = 

3.8), which could be observed from reduction of OTC parent compound peak area. The total 

disappearance of OTC parent peak in the HPLC chromatogram was achieved only after 30 min of 

irradiation for all concentration range investigated. Shorter irradiation time was needed for total 

disappearance of OTC parent peak in the HPLC chromatogram compared to total organic carbon 

removal of OTC (180 min) [24].   

 

  

Fig. 3 pH profile of 250 ppm OTC degradation Fig. 4 H2O2 consumption profile 

The pseudo order plot based on assumption that only OTC concentration will significantly 

affects the reaction kinetic. For all OTC concentration range, during 30 min of irradiation, low H2O2 

consumptions were observed (Fig. 4), with insignificant difference between 250, 375, 500 ppm. 

Hence, during the first 30 min, the H2O2 concentration was considered constant and the chosen 

pseudo first order of kinetic was deemed appropriate.  

Conclusions 

Kinetic study on the degradation of OTC inside a UV/H2O2 system was conducted. The 

experimental condition was previously determined and all the experiment was conducted at 

optimum pH and temperature. Based on the regression coefficient, it was found that experimental 

data was well fitted with the pseudo first order of kinetic, with the calculated kobs of 0.181 min
-1

.  
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