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Abstract: 

Human society consumes large amounts of drugs. Metabolites are excreted by humans and together 

with sewage water are released to the treatment plant. Some types of pharmaceuticals may not be in 

sewage treatment completely eliminated, leading to subsequent pollution of aquatic ecosystems. This 

study deals with the degradation of ibalgin and paracetamol using ozonation and UV irradiation. 

Along with the oxidizing effect of hydrogen peroxide (H2O2), these methods belong to the Advanced 

oxidation processes (AOP's) using hydroxyl radical (HO·) for the degradation of the pollutant. Using 

0.5 g/l H2O2 30% was achieved for more than 90% degradation of drugs within three hours of UV 

irradiation and more than 60% of ozonization. For the analysis of samples was used high performance 

liquid chromatography (HPLC) and UV-VIS spectrofotometry. 
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Introduction 

Currently it is discussed about the topic of "Emerging pollutants". It is yet unregulated substances that 

enter the environment. This group includes among others pharmaceuticals and their metabolites. 

Pharmaceuticals enter to the environment by different ways- by improper disposal together with 

municipal waste, human excretion (mostly in the form of metabolites), etc. Most of these released 

drugs or metabolites go along with sewage water into sewage treatment plants. The problem is that the 

waste water treatment plants are not designed primarily for the removal of these substances, so the rate 

of elimination of drugs is not usually satisfactory. Pharmaceuticals and its metabolites in the 

environment usually do not affect the acute aquatic organisms. Significantly, however, affect aquatic 

ecosystems during long-time exposure (chronic toxicity). 

 

Ibalgin is one of the non-steroidal anti-inflammatory drugs (NSAID). It is a cyclooxygenase inhibitor, 

which causes chronic adverse effects to aquatic organisms. After exposure to ibalgin there was 

demonstrated enlargement of the liver and higher egg production of fish O. latipes. Ibalgin causes 

inhibition of D. magna. The concentration of ibalgin above 80 mg/l causes total inhibition of this 

crustacean. It affects similarly next arthropod - freshwater shrimp G. Pulex. At concentrations of 1 to 

10 ng/l occurs reduction in its activity. Growth inhibition was also demonstrated in plants, namely the 

common duckweed (L. minor). 

 

Paracetamol is a weak inhibitor of cyclooxygenase. Although the anti-inflammatory effect of this drug 

is weak, the impact on the environment from other NSAIDs is not different. Its adverse effect on the 

health of organisms is associated with the formation of hepatotoxic metabolites. The most susceptible 

animals are crustaceans (D. magna) within the EC50 value in the range from 30.1 to 50 mg/l. In surface 

water concentrations of paracetamol was about 78.17 µg/l. Its concentration in the outlet of the sewage 

treatment plant varies from 20 ng/l to 4.3 ng/l (Barceló, 2008a; Kotyza, 2009; Barcelo, 2008b). 

 

Advanced oxidation processes (AOP's), include the generation of reactive hydroxyl radical (HO•). 

Recently it was shown to be an important method for removing a wide range of contaminants in water, 

soil, and in the air. The redox potential of this radical is 2.8 V (compared to the redox potential of 
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oxygen, which is 1.23 V). Using direct ozonization (i.e. reaction of ozone with a contaminant) for the 

purpose of degradation of pharmaceuticals in water is suitable for those compounds which contain a 

double bond, aromatic ring or atom of nitrogen and sulfur. For pharmaceuticals without reactive site is 

more effective degradation by hydroxyl radicals which occurs by ozone and hydrogen peroxide 

influence. The ractive radicals occur because of the decomposition of the central HO-OH bond. 

 

Likewise, during UV irradiation the hydrogen peroxide decomposes into hydroxyl radicals. Interaction 

of UV radiation with H2O2 is therefore appropriate that the action of UV radiation alone. UV 

irradiation alone may be less efective for some pharmaceuticals. For example, only rearrangement of 

functional groups may occur. (Rosenfeld, 2007; Kim, 2009; Lester, 2011; Kim, 2010; Chelliapan, 

2013). 

 

The aim of this work is examine the possibility of paracetamol and ibuprofen removal in the model 

samples contaminated waste water by ozonization and UV irradiation. 

 

Methods 

The ozonation equipment was "Ozonstar 100". Ozone is generated from atmospheric oxygen using a 

high voltage, and its output is 1 g O3 per hour. The apparatus includes a storage tank for contaminated 

water with a volume of 45 l. From there the water is delivered by a centrifugal pump into the reactor, 

wherein ozone is in contact with contaminated water.  

 

To decontaminate water by UV radiation has been used WEDECO UV lamp, which is placed in a 

cylindrical stainless steel housing. Contaminated water is again delivered by a centrifugal pump from 

a storage tank with a volume of 20 l. Water flow apparatus was set at 2 l/min.  

 

Stock solutions of paracetamol and ibalgin were prepared by dissolving 1 g paracetamol (ibalgin) in 

100 ml of demineralized water. The model waste water was prepared by adding a fixed quantity of the 

stock solution of paracetamol and ibalgin to the water in the tank. After mixing the contents of the 

storage tanks, the initial sample was taken (t = 0 min). This sample determines the exact content of the 

pharmaceutical against degradation. Subsequently the degradation process was initiated and at regular 

15 minute intervals the samples were taken for the analysis. 

 

Besides the influence of ozone and UV degradation alone, there was investigated the influence of 

H2O2 dosage at the rate of removal of pharmaceuticals. Removal efficiency of paracetamol (ibalgin) 

was monitored by ozonization and UV irradiation together with an addition of 30% hydrogen 

peroxide. Its amount was calculated such that the resulting content in the individual storage tanks was 

0.25 and 0.5 g/l.  

 

Determination of paracetamol and ibalgin was performed by high pressure liquid chromatography 

(HPLC). For HPLC analysis the sample volume was 20 ml and the separation conditions were: MF = 

50 % ACN and 50 % H2O acidified with H3PO4 (to 1 liter MF was added 0.75 ml H3PO4), p = 11.2 

MPa, flow rate 1 ml/min. Under these conditions the retention time was 2.3 minutes for paracetamol 

and 11.5 minutes for ibalgin. The diode array detector (DAD) was used. Samples of paracetamol were 

measured at 245 nm and ibalgin was measured at 230 nm. 

 

Results and discussion 

The degradation of paracetamol in time by ozonization and UV irradiation ilustrates the graph in 

Figure 1. It is apparent that with the same drug content in apparatuses and with the same time of 

degradation, the ozonation has proven to be more effective for removal of paracetamol from water 

than the UV irradiation. After the first hour of the experiment the drug content in the ozonizer began 

decrease faster than using UV irradiation. After three hours of experiment using ozone there was 

removed 50 % of the paracetamol, while UV degradation removed only 39 % of paracetamol. At the 

end of experiment, the removal efficiency of paracetamol was 87 % by ozonation and 63 % by UV 

irradiation. 

 



 

 

 

 

 
 

Fig. 1. A comparison of paracetamol removal during  ozonization and UV irradiation 

 

The degradation of ibalgin in time by ozonization and UV irradiation ilustrates the graph in 

Figure 2. From this graph is evident that with the same drug content in apparatuses and with  the same 

degradation time, the UV irrradiation has proved to be more effective for removal of ibalgin from 

water than the ozonization. Again we can see the difference in ibalgin degradation rate after the first 

hour of the experiment by both methods. But this time  was proved to be more effective method UV 

irradiation. After three hours of degradation, the ibalgin removal was 50 % during UV irradiation and 

40 % for ozonation. At the end of the experiment there was removed by ozonization 70 % of the drug 

and 80 % during UV irradiation. 

 

 

 
 

Fig. 2. A comparison of ibalgin removal during  ozonization and UV irradiation 

 

The influence of the addition of H2O2 to the removal efficiency was evaluated. During ozonation was 

added 0.25 g/l H2O2, than the surge removal of paracetamol was observed. However, the procedure 
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has been further stepped on. Total removal efficiency of paracetamol during ozonization with 0.25 g/l 

H2O2 was 53 % and did not differ significantly from the ozonation efficiency without the addition of 

peroxide. After adding 0.5 g/l H2O2  there was no significant increase in efficiency of paracetamol 

during ozonization and the overall efficiency was 60 %. It is about 10 % more than during ozonation 

without peroxide. Hydrogen peroxide in the system along with ozone often inhibits the decomposition 

of ozone and thereby slowing the overall contaminant removal. The concentration of the hydrogen 

peroxide is a very important factor influencing the overall success of the process (Chelliapan, 2013). 

At higher concentrations there is uptake HO· radicals by hydrogen peroxide. Likewise, at higher 

concentrations of H2O2 during UV irradiation the hydrogen peroxide absorb the light. The removal 

efficiency of paracetamol by ozonization at different concentrations of H2O2 is shown in Figure 3.  

 

In contrast to ozonation, the addition of hydrogen peroxide  showed to be very important during UV 

irradiation at two chosen concentrations (0.25 g/l and 0.5 g/l H2O2). Addition of 0.25 g/l of hydrogen 

peroxide increased efficiency of 30 % (removed 68 % of the drug), when the addition of twice the 

amount of peroxide increased efficiency of 55 % (removed 94 % of the drug). In graphic form, the 

removal efficiency compared of paracetamol by UV irradiation at different concentrations of H2O2 is 

shown in Figure 4. 

 

During ozonation of ibalgin the addition of 0.25 g/l H2O2 caused its decrease of 53 %, which is 13 % 

higher removal efficiency than without the addition of peroxide. After the addition of 0.5 g/l H2O2 

overall removal efficiency equals to 73 %. Compared to degradation without the peroxide there is an 

increase of more than 30 %. The graph shown in Figure 5 compares the effectiveness of ibalgin 

removal by ozonization with H2O2 at different concentrations. Unlike the ozonization of paracetamol, 

degradation of ibalgin is positively influenced by the addition of hydrogen peroxide. 

 

Also the degradation of ibalgin during UV irradiation with the addition of hydrogen peroxide had a 

positive effect on the removal efficiency of this drug. The addition of 0.25 g/l of hydrogen peroxide 

reduced ibalgin almost by 87 % (compared to 50 % without H2O2). With the addition of 0.5 g/l H2O2 

the ibalgin was degraded by 92 %. In graphic form, the removal efficiency of ibalgin during UV 

irradiation at different concentrations of H2O2 is shown in figure 6. 

 

 
 

Fig. 3. A comparison of efficiency of paracetamol removal during ozonization with different 

concentrations of H2O2 

 

 



 

 

 

 

 
 

Fig. 4. A comparison of efficiency of paracetamol removal during UV irradiation with different 

concentrations of H2O2 

 

 

 

 
 

Fig. 5. A comparison of efficiency of ibalgin removal during ozonization with different concentrations 

of H2O2 

 

 



 

 

 

 

 
 

Fig. 6. A comparison of efficiency of ibalgin removal during UV irradiation with different 

concentrations of H2O2 

 

Using AOP's may produce various intermediates from the parent organic compounds. It was found 

that some of these intermediates may be even more problematic due to the higher toxicity than the 

parent compound. The degradation of paracetamol may produce p-aminophenol, acetic acid, 

hydroquinone, benzoquinone, or oxalic acid. For aquatic organisms is highly toxic p-aminophenol. 

With water it forms toxic mixtures regardless of dilution. LC50 is 2 mg/l for fish, EC50 for daphnia is 

already 0.6 mg/l. Since p-aminophenol affects the environment even at these low concentrations, his 

amount was evaluated during ozonization and UV irradiation (Bezpečnostní list, 2004). 

 

Comparing the chromatograms of paracetamol with chromatograms of p-aminophenol there was found 

that p-aminophenol is presented only in water treated by UV irradiation. At the beginning of the water 

treatment during UV irradiation its content in water was substantially zero. The longer the irradiation 

was carried out, the higher its contents was. It was also found that the amount of p-aminophenol 

during UV irradiation increases linearly (R2 = 0.9878, y = 1.222 + 0,0151x). After three hours of 

degradation the average content in water was 4.2 mg/l. During the UV irradiation with H2O2 the 

content of p-aminophenol fundamentally did not differ from this average value. The increase of p-

aminophenol in time during water treatment by UV radiation is shown in graph in Figure 7. In this 

graph at t0 is evident presence of p-aminophenol. This is due to the fact that for some experiments the 

water from previous measurements was reused with already formed p-aminophenol. 



 

 

 

 

 
Fig. 7. The amount of p-aminofenol during UV irradiation 

 

Conclusions 

The aim of this work was to evaluate the suitability of ozonation and UV irradiation to remove ibalgin 

and paracetamol in model samples of wastewater. Experiments showed that the ozonization removed 

within three hours 50 % of paracetamol and 40 % ibalgin. During UV irradiation was then removal 

efficiency of 39 % paracetamol and 50% for ibalgin.  

 

Increased efficiency has been achieved in the case of the combination of these methods with the 

oxidizing effect of hydrogen peroxide. There were tested two different concentrations of H2O2. The 

greatest effect was obtained when using 0.5 g H2O2 / l. Here, the UV irradiation took place in a more 

than 90 % removal efficiency of pharmaceuticals from wastewater (94 % for paracetamol and 92 %  

for ibalgin). During ozonation with hydrogen peroxide was positively influenced only the degradation 

of ibalgin (removed 73 % of the drug). The removal efficiency of paracetamol during ozonization with 

hydrogen peroxide had no significant effect. 
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