
 

Oxytetracycline Mineralization inside a UV/H2O2 System 

of Advanced Oxidation Processes: Inorganic By-Product 
 

A.U. Rahmah1,*), S. Harimurti2, K.A. Kurnia3, A.A. Omar4, T. Murugesan5 

 
1Chemical Engineering Department, Universitas Muhammadiyah Surakarta, Pabelan, Sukoharjo, 

Indonesia. 
2Pharmacy Department, Universitas Muhammadiyah Yogyakarta, Daerah Istimewa Yogyakarta, 

Indonesia. 
3Marine Department, Faculty of Fisheries and Marines, Universitas Airlangga, Surabaya, Indonesia. 

4Department of Computing and Information System, School of Science and Technology, Sunway 

University, Petaling Jaya, Selangor, Malaysia. 
5Chemical Engineering Department, Universiti Teknologi Petronas, Bandar Seri Iskandar, Perak, 

Malaysia. 

Bulletin of Chemical Reaction Engineering & Catalysis, 16 (2) 2021, 302-309 

Abstract 

Oxytetracycline (OTC) was widely used antibiotic in agricultural industry. However, most of them were secreted 

from the body and entered the water stream, due to low absorption. The occurrence of the antibiotics in water 

stream may led to serious health hazards. Hence, finding the effective method that capable to achieve total miner-

alization of antibiotic-contaminated wastewater, followed by the production of benign inorganic and organic by-

product, was necessarily deemed. Photochemical degradation method, such as: UV/H2O2 system, was capable to 

achieve total mineralization of OTC at its optimized condition. In this paper, inorganic by-products of OTC miner-

alization inside a UV/H2O2 system at its optimum condition were analyzed. The presence of nitrate, ammonium, 

chloride ions, and chlorine were detected at the sample solution after mineralization. The presence of these inor-

ganic by-product has proven that the experimental setup chosen was capable to achieve total mineralization. In 

addition, possible routes of the inorganic by-products detachment from the OTC’s structure, were also presented. 
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1. Introduction 

In livestock production, beside acting as a 

microbial agent, antibiotics are also used as a 

growth promoter, steroid, insecticides, and tran-

quilizing agent. Living body of organism only 
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absorbs minimal amount of consumed antibiot-

ics. Hence, most of the consumed antibiotics are 

secreted from the living body and ultimately en-

tered the water stream. Continuous consump-

tion of antibiotic-contaminated water could 

cause antibiotic resistance and harm the inter-

nal organ of the aquatic animals AP [1].The 

presence of the antibiotics has been detected in 

surface and groundwater, drinking water, tap 

water, ocean water, sediments, and soil [2]. 
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One distinct character of antibiotics that it 

is biologically active, hence it could cause the 

antibiotics to be resistant against biological 

degradation process. This is caused by the ca-

pability of antibiotics to reduce or even elimi-

nate the microbial growth in the biodegrada-

tion tank of conventional treatment. Therefore, 

there is a need to remove antibiotic traces effec-

tively from the water stream. In this regard, a 

non-biological method, such as Advanced Oxi-

dation Processes (AOPs) could become alterna-

tives. Generally, to identify the efficient process 

for removing certain type of organic contami-

nant, the term of organic degradation and min-

eralization are used. These two terminologies 

can be found in numerous studies and meas-

ured with different instruments [3–5]. Typical-

ly, to evaluate the degradation efficiency, the 

concentration of the parent compound of the or-

ganic contaminant is directly measured using 

chromatography or spectroscopy technique. 

Therefore, once the organic parent compound 

peak is not detected inside the chromatogram 

or spectrum, the organic degradation is consid-

ered completed. About 100% reduction of oxy-

tetracycline concentration was achieved, after 

20 min of ozonation treatment. However, its 

toxicity by products (after 5-30 min of treat-

ment) were highly increased [5]. Similar trend 

was also observed for degradation of tetracy-

cline using UV/H2O2/Fenton system, where tet-

racycline concentration was removed after 1 

min of treatment [4]. Whereas, 72% Total Or-

ganic Carbon (TOC) removal was achieved af-

ter 60 min of treatment.  Liu et al. studied the 

tetracycline decomposition by using photo elec-

tron Fenton [6]. Based on their study, after 120 

min of treatment, 98.3% of tetracycline was re-

moved, whilst 84.3% of total organic carbon re-

duction was observed after 10 h of treatment. 

Lower degree of mineralization compared to 

degradation of parent compound also shown for 

UV photolysis of Oxytetracycline (OTC) [7]. 

About 100% of OTC was removed after 7.5 h, 

while only 5.37% of OTC was mineralized. In 

addition, 80% increment of inhibition rate was 

observed after 2 h of UV photolysis, which indi-

cates toxicity increment in the partially degrad-

ed solution. 

Mineralization is the transformation of the 

organic parent compound into final product of 

inorganic compound, such as: CO2, H2O, NH3, 

or even diatomic gases like Cl2 and N2. Where-

as the mineralization progress is commonly 

measured by evaluating the TOC value. Mean-

while, an UV/H2O2 process could destruct the 

antibiotics mainly by non-selective attack of hy-

droxyl radical. Hence, complex reaction path-

ways may be triggered and various by-products 

along with the organic intermediates were 

formed [8]. These by-products also can be cate-

gorized as low molecular weight organic acids 

and inorganic ions. Hence, reduction of the 

TOC value implies the progress of the mineral-

ization process. To date, most published works 

were mainly investigating the OTC parent 

compound removal and TOC reduction. Howev-

er, no works have been published on investi-

gating the inorganic by-product of OTC miner-

alization, especially inside a UV/H2O2 system.  

In this paper, mineralization of OTC inside 

a UV/H2O2 system were conducted under the 

optimum condition. The inorganic by-products 

were analyzed to prove the complete minerali-

zation of the optimized parameter. Possible re-

leased routes of inorganic by-product from the 

main structure of OTC were also presented. 

From this by-product analysis, possible path-

ways for OTC transformations can be estab-

lished. Hence, additional insight on the OTC’s 

transformation pathways could contribute for 

evaluating the treatment efficiency and possi-

ble changes and its interactions in the environ-

ment. 

 

2. Materials and Methods 

2.1 Materials 

OTC hydrochloride, C22H24N2O9HCl (Merck) 

and hydrogen peroxide (30%, Merck) were used 

as the source of organic contaminant and the 

source of hydroxyl radical, respectively. H2SO4 

(98%, Merck) and NaOH (Merck) were used for 

pH adjustment. All chemicals were used with-

out further purification. 

 

2.2 Methods 

2.2.1 UV/H2O2 system 

In this study, the optimized experimental 

parameters were applied, as described else-

where [9]. All the present experiments were 

carried out in a glass reactor (400 mL working 

volume) with a provision for irradiation using a 

low-pressure Hg lamp (8 W power 

GPH295T5L; Serial no. EC90277, USA) to pro-

duce UV light at 254 nm.  The schematic dia-

gram of the reactor is shown in Figure 1. Dur-

ing irradiation, the solution was stirred using 

magnetic stirrer at which speed. The tempera-

ture was maintained using water circulation 

through the reactor jacket. After adjusting the 

OTC solution to the optimum pH, desired 

amount of H2O2 were then added into the reac-

tor. To monitor the progress of mineralization, 

3 mL of liquid samples were drawn from the 
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reactor at scheduled time intervals. Since the 

total amount of samples withdrawn are less 

than 5% (<5%) of the total volume, for calcula-

tion purpose the total sample volume was ne-

glected. About 180 min of irradiation time were 

applied for all experiments. All the experi-

ments were conducted at the same UV lamp 

power which emits the light intensity of 12.06 

mW/cm2. 

 
2.2.2 Ion Chromatography 

The concentrations of nitrate, nitrite, and 

chloride ions were analyzed using Ion Chroma-

tography (Metro Ohm-761, Switzerland), 

equipped with Metrosep-A Supp 5-150 col-

umns, and eluted using 3.2 mM Na2CO3/1 mM 

NaHCO3 as the mobile phase. The ion chroma-

tography was using a conductivity meter as the 

ion detector and deionized water as the blank 

solution. Three sets of standard solutions of 

chloride, nitrate, and nitrite ions were used to 

construct the standard calibration curve as 

listed in Table 1. 

 
2.2.3 Nessler Ammonia 

Concentration of ammonia in the solution 

sample was estimated by using Nessler reagent 

(K2HgI4) and method No. 8038 (HACH, USA). 

The reaction occurs in alkaline condition pro-

duce complex compound with yellow colour. 

The intensities were proportional to ammonia 

concentration in the solution. In addition, Ness-

ler’s reagent, mineral stabilizer and polyvinyl 

alcohol were also added into the sample. These 

additions were carried out to minimize the in-

terference from the water matrix. The ammo-

nia concentration was measured using spectro-

photometer DR 2000 (Hach, USA). 

 

2.2.4 Total Chlorine 

This method measures the value of total 

chlorine, which is equal to the summation of 

free chlorine and combined chlorine. The meas-

urement was carried out based on method No. 

10070 (HACH, USA) which is in accordance 

with USEPA DPD (N,N-diethyl -p-

phenylenediamine) method. The present total 

chlorine in the solution will oxidize iodide in 

the reagent to iodine. Then the iodine reacts 

with DPD along with the free chlorine present 

in the sample to form a pink color which is pro-

portional to the total chlorine concentration. 

The absorbance value of pink solution was 

measured at 530 nm using spectrophotometer 

2000 (HACH, USA). 

 

2.2.5 Concentration of CO2 

To monitor mineralization progress of OTC, 

the TOC measurements were used. The values 

of TOC were measured using a TOC-VCSH an-

alyzer (Shimadzu, Japan). About 2 mL of sam-

ples were drawn from the sample port and di-

luted with distilled water until the final vol-

ume of 20 mL. As shown in Equation (1), the 

value of TOC was determined from the differ-

ence between the total carbon (TC) with total 

inorganic carbon (TIC). During TOC analysis, 

the sample solution was acidified using H3PO4 

to ensure that all the carbonate and bicar-

bonate were transformed into CO2. In water so-

lution, CO2 could transform into carbonate and 

bicarbonate ions which their transformation 

depends on the solution’s pH. In this research 

work, after UV/H2O2 treatment, the pH final 

solution is expected to be in the range below 

the initial pH, and most probably lower than 

the pKa of carbonate (pKa = 10.3) and bicar-

bonate (pKa = 6.3). This is due to the concen-

tration of organic acids and other acidic by-

Ion Calibration curve R2 

Chloride 00036x + 0.0974 0.9996 

Nitrate 0.0065x – 0.0703 0.9996 

Nitrite 0.0057x + 0.1068 0.9996 

Table 1. The correlation constants for the cali-

bration curves for chloride, nitrate and nitrite. 

Figure 1. Experimental setup of UH/H2O2 sys-

tem. 
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products will be higher compared to the basic 

by-product. Therefore, the concentration of CO2 

can be approximated into the concentration of 

inorganic carbon as measured by the TOC ana-

lyzer.  

(1) 

 

where TC is total carbon and IC is inorganic 

carbon. 

 

3. Results and Discussion 

In the present study, OTC hydrochloride 

was used as the model component. Therefore, 

the OTC solution contains C, H, O and N ele-

ments and Cl ions. Inorganic compounds such 

as NO2
−, NO3

−, and Cl− were determined using 

ion chromatography. The nitrogen containing 

compound such as ammonia was identified us-

ing Nessler reagent, in the form of ammonium 

ion. Whereas the by-product analyses as well 

as the degradation mechanism development 

were carried out at the optimum condition. 

During the optimization, total mineralization 

was chosen to be as the optimized response. 

Therefore, at the end of the reaction, CO2, H2O, 

NH3, NH4+, NO2−, NO3−, N2, Cl, Cl2, and frac-

tions of organic acid are expected to be present 

in the solution. 

As it mentioned earlier, the ratio of inorgan-

ic by-product containing nitrogen moieties was 

depend on the character of N-containing struc-

ture [10]. Based on Figure 2, OTC structure 

has two types of nitrogen bond configuration, 

namely the tertiary and primary amine. Both 

structures contain hydrogen extractable char-

acter. As shown in Figure 3, there were chang-

es in concentration by time for the NO3
− ion 

and NH4
+ ions throughout the mineralization 

process. By introducing the UV/H2O2 into the 

OTC solution, instead of by ionization, the re-

lease of ammonia group was mediated by indi-

rect oxidation of hydroxyl radical [11]. There-

fore, there was an increase in NH4
+ ions con-

centration at t = 10 min of irradiation which 

was followed by the formation of NO3
− and ob-

served similarly at t = 10 min. During this first 

10 min, the hydroxyl radical generation was in-

itiated by the photon from the UV lamp and 

started to attack the OTC compound. The gen-

erations of NO3
− and NH4

+ occurred until t = 

180 min. Moreover, starting at t = 10 min, 

there was a sharp decline in the NH4
+ ions con-

centrations indicating their conversion into 

NO3. However, at the end of the reaction, not 

all NH4
+ was transformed into NO3

−. This was 

due to the reason that no H2O2 remained in the 

solution thus stopping the generation of hy-

droxyl radical. The presence of NO3
− and NH4

+ 

were also detected for mineralization of 

levofloxacin which resulted from the released 

of nitrogen content from the antibiotic main 

structure [12]. Mineralization of tetracycline 

using electro Fenton process also produced 

NO3
− and NH4

+ ions [13]. 

Basically, there are two steps of NO3
− for-

mation [14]. In the first step, the conversion of 

nitro group into NO2
− ion and followed by the 

oxidation into the NO3
− ion. It is then followed 

by the oxidation of NH4
+ into hydroxylamine 

and followed by the formation of NO3
−. Howev-

er, in the present study, the most probable 

mechanism of OTC mineralization would be 

the second step, since no NO2
− ion was ob-

served throughout the experiment. Moreover, 

the nitrogen attached to the heterocyclic aro-

matic rings could be transformed into NH4+ 

and NO3
−, whereas the secondary, tertiary, and 

quaternary nitrogen atom will be transformed 

into NH4
+ ions [10]. Ammonium ions were 

formed directly from the release of nitrogen as 

ammonia when the oxidation state of the 

TOC TC IC= −

Figure 2. Nitrogen bond configuration of OTC 

molecule with (a) tertiary amine and (b) prima-

ry. 

Figure 3. Nitrate and ammonium ion profile for 

OTC removal at optimum condition. 
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bound nitrogen is −3. In addition, an organic 

compound with a weak C−H bond at amine ni-

trogen position also often experiences fragmen-

tations via hydrogen transfer or electron–

proton transfer. The possible transformation 

pathways of nitrogen atom of OTC molecule are 

presented in Figure 4, which is derived based 

on Pelizetti et al. proposed pathways for forma-

mide [15]. Pelizetti et al. [15] have studied the 

photocatalytic degradation of formamide which 

has similar primary amine position of with the 

of OTC (position b, Figure 2). They postulated 

that the degradation mechanism was affected 

by the carbon atom oxidation state rather than 

the nitrogen atom. In other word, the final 

product of degradation is determined by the 

amount of the carbon atom substituent (i.e. 1 = 

primary carbon, 2 = secondary carbon, etc.) ra-

ther than the nitrogen atom substituent. More-

over, the hydroxyl radical attack on nitrogen 

atom was also occurred with bicarbonate and 

nitrate ions as their final product, with lesser 

extent. The proposed OTC intermediate struc-

ture after the primary amine release is pre-

sented in Figure 5. Similar mechanism was al-

so presented by Jeong et al.  [16] that describe 

the primary amine fragmentation of OTC 

structure which was initiated through keto-

enol tautomerization. 

Beside the primary nitrogen, OTC molecule 

also has another nitrogen atom which belong to 

the tertiary amine group (position a, Figure 2). 

Figure 6 shows the proposed transformation 

pathways of tertiary amine of OTC molecule 

which was proposed based on the study per-

formed by Klare et al. [17]. The radical attack 

on −CH was carried out based on hydrogen 

abstraction mechanism. Further hydroxyl radi-

cal attack would drive the occurrence of hy-

droxyl radical addition and followed by the 

C−C bond cleavage, producing carbonylic com-

pound and an amine. In accordance with Fig-

ure 4 and Figure 6, at the earlier stage the am-

ide and tertiary amine of OTC molecules may 

contribute to the formation of ammonium. 

Meanwhile, the generation of nitrate ion come 

from the transformation of amide group of 

OTC. Hence nitrate ion was detected in smaller 

concentration, compared to ammonium. Moreo-

Figure 4. Proposed transformation pathways of primary amine functional group of OTC. 

Figure 5. Proposed OTC intermediate structure 

after primary nitrogen release. 
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ver, longer irradiation time would cause the re-

duction of ammonium to nitrate ions, hence 

lead to increased nitrate ion concentration. 

Similar results were also observed for the pho-

tocatalytic degradation of n-penthylamine [18]. 

Figure 7 shows the pH profile during OTC 

mineralization. After 10 min of irradiation, the 

solution pH decreased from 6.5 to 3.8 which 

continues until 90 min of irradiation. This pH 

reduction most probably due to the higher con-

centration of acidic intermediates (organic acid) 

and CO2 formed, rather than ammonia. Similar 

results were also obtained for photocatalytic 

degradation of piperidine, after 10 min of irra-

diation, the piperidine solution pH decreased 

rapidly from 7.1 to 5.9 [18]. However, after 120 

mins irradiation, pH of the solution started to 

increase until 180 min of irradiation. This in-

crease was due to the higher concentration of 

amine intermediate (i.e. ammonia) in the solu-

tion compared to acidic intermediate (i.e. or-

ganic acid and CO2). In contrast with OTC, n-

pentylamine oxidation experienced acidic pH at 

the end of irradiation time due to the excess of 

CO2 being produced compared to ammonia [18]. 

During TOC analysis, the sample solution was 

acidified using H3PO4 to ensure that all the 

carbonate and bicarbonate were transformed 

into CO2. However, since the partially-

degraded OTC sample had pH below the pKa 

Figure 6. Proposed transformation pathways for tertiary amine of OTC molecule. 

Figure 7. pH profile of OTC removal at opti-

mum condition. 
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of carbonate (pKa = 10.3) and bicarbonate (pKa 

= 6.3), the value of inorganic carbon could be 

approximated as the concentration of CO2. 

Based on Figure 8, the CO2 concentration pro-

file increased along the irradiation time which 

proved the occurrence of the OTC mineraliza-

tion. Similar CO2 profiles were also shown    

during the piperidine and chloramphenicol           

removal [17–18]. 

Since the OTC hydrochloride was used as 

the antibiotic sample, the chloride ion was de-

tected inside the solution sample due to the 

ionization of OTC compound. Inorganic chloride 

ion was also observed during the photocatalytic 

oxidation of cyclophosphamide and atrazine 

[10]. After irradiation took place, the hydroxyl 

radicals were started to form. Since the reduc-

tion potential of hydroxyl radical is higher (E°= 

+2.8 V) compared to chloride ion (E°= +2.2 V), 

the hydroxyl radical is capable to oxidize the 

chloride ions (Equation 2). The HOCl•− radical 

could decompose into radical (Equation 3) that 

could recombine into to form chlorine atom 

[19]. 

 

Cl− + •OH → HOCl•− (2) 

HOCl•− + H+ → H2O + Cl• (3) 

 

The oxidation of chloride ions into Cl2 was 

progressing as the mineralization of OTC took 

place. In the present study, the presence of 

chlorine atom was represented by the value of 

total chlorine total chlorine is equal to total 

amount of free chlorine plus chlorine attached 

to other components. Their profiles are shown 

in Figure 9. As the reaction proceed (t = 30 

min), a certain amount of chloride ion was 

started to dissociate from the OTC parent 

structure hence increased in chloride ion con-

centration was observed. At the same time in-

terval (t = 30 min), some of chloride ion were 

oxidized which led to the formation of chlorine 

atom. Thus, an increasing concentration of 

chlorine was observed. However, after 180 min 

of irradiation, the chloride ions were not oxi-

dized completely into chlorine. 

 

4.  Conclusions 

Mineralization of OTC have been conducted 

at its optimum TOC mineralization. Several in-

organic by-products were detected, namely, ni-

trate, ammonium, chloride ion, chlorine. The 

detected by-products have proven the efficacy 

of the mineralization process. Based on the 

generated by-products, several reaction se-

quences have been proposed. 
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