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Abstract: Free radicals and reactive species of oxygen are destructive for living organisms. Antioxidants are capable to reduce the effect of 

free radicals and to recover the organisms’ health. On the other hand, during the fabrication process various chemicals are released into the 

water ecosystems from the factories, causing harmful effects on the aquatic organisms. The Autonomous Province of Vojvodina in Serbia is 

rich in thermal waters. Thankfully to the various minerals, they could have antioxidant effect and could be used as raw material for the 

production of different pharmaceutical products. In this study we examined the possible effect of different thermal water samples on the 

degradation rate of Vitamin C as an antioxidant with UV radiation. Furthermore, the influence of initial pH value was also investigated. Our 

results showed that the thermal water reduced the degradation rate of vitamin C. In addition, the lowest removal rate was observed at initial 

pH 7, which is close to the skin’s natural pH. These findings showed that the thermal water could be used in preparations for skin.  
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1. Introduction 

Oxygen is an essential element for life. This element is 

necessary for the basic chemical and biological reactions and 

without oxygen there would be no energy for cells [1]. 

Consequently, it is amusing that oxygen can also destroy the living 

organism [2].Namely, during the ATP degradation by the 

mitochondria free radicals are produced, which can be both harmful 

and useful [1]. Reactive oxygen species can also be generated due 

to environmental factors, such as UV irradiation [3]. At low 

concentrations they have positive effect on the immune system, 

while at higher concentrations they can cause oxidative stress and 

damage living cells. These damages in the living cells result in the 

development of various serious disorders, such as cancer, arthritis, 

aging, autoimmune disorders, cardiovascular and neurodegenerative 

diseases [1]. 

Based on the mentioned, it is obvious that these substances have 

to be eliminated in order to keep organisms healthy. The 

compounds, which are capable to reduce the oxidation of proteins, 

carbohydrates, lipids and DNA, are known as antioxidants. 

Antioxidants can be synthetic and natural. The sources of natural 

antioxidants are most commonly fruits and vegetables. On the other 

hand, the synthetic sources are mostly drugs, made by various 

pharmacy companies [4].  

Unfortunately, pharmaceutical factories during the production 

release high amount of wastewater to the natural ecosystem, which 

results in the appearance of different active pharmaceutical 

ingredients (API) in the environment. API can cause various, 

unexpected effects on the non-target organisms. Thus, the amount 

of released water should be reduced and the wastewater should be 

adequately treated prior to reaching the water ecosystems [5].  

Nowadays, great attention is paid to the personal care products, 

which are present in aquatic environment at high concentrations. 

For instance, various UV filters has been found in different water 

samples, especially in summer, due to the outdoor activities when 

they are washed from the skin into the water [6]. 

Based on the mentioned, eco-friendly but effective antioxidants 

should be found or developed. Fortunately, Serbia and the 

Autonomous Province of Vojvodina, which belongs to the Pannonia 

Basin, are very rich in thermal mineral waters. Many of them are 

used mostly in balneology. Thermal waters in Vojvodina possess 

above-average geothermal qualities in comparison to the European 

hydro geological standards and can be successfully applied for 

medical purposes [7].  

In this study, the possible antioxidant effect of thermal water 

from Kanjiža Spa was investigated, under simulated sunlight. 

Furthermore, the possible effect of initial pH and mineral 

concentration on the photodegradation rate was also examined. 

2. Materials and methods  

Thermal water was sampled from Kanjiža Spa (Kanjiža, 

Vojvodina, Serbia) and kept in refrigerator. Thermal water was used 

without further treatment, except the experiments with various 

mineral concentrations, when 30%, 50%, and 70% of the water 

samples was evaporated, in order to concentrate the present 

elements. 

For the investigation of the possible antioxidant effect of 

thermal water, solution of vitamin C (0.05 mM) was freshly 

prepared prior to photodegradation experiments, dissolving 

appropriate amount of vitamin C () in ultrapure and thermal water.  

The initial pH values were set using 0.1 M HClO4 (70% (w/w), 

>99.99%, Sigma−Aldrich, St. Louis, MO, USA) and 0.1 M NaOH 

(pro analysis, MOSS &HeMOSS, Belgrade, Republic of Serbia). 

In order to determine the antioxidant efficiency of thermal 

water, the samples taken after photodegradation were analysed 

using liquid chromatography with the following components of 

mobile phase: acetonitrile (99.9%, Sigma−Aldrich, St. Louis, MO, 

USA) and orthophosphoric acid (85%, pro analysis, Sigma–Aldrich, 

St. Louis, MO, USA). 

3. Sample preparation and analytical procedures  

The photodegradation experiments were performed in a 

photoreactor (TOPT-V, Toption, China). The samples were 

prepared and irradiated in a photochemical cell made of quartz glass 

(total volume of ca. 100 mL). The photochemical cells were placed 

in a circle around the Xe lamp, which was used as simulated solar 

irradiation (SSI). The cells were equally exposed to the irradiation 

source. Xenon lamp was in a quartz cold trap, which was equipped 

with water-circulating jackets and connected to a cooler in order to 

ensure a constant temperature inside the photoreactor (Fig. 1).  

 

Fig. 1. TOPT-V photoreactor 
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The samples of vitamin C, taken after different times of 

irradiation (5, 10, 15 and 30 min) using SSI, were firstly filtered 

through Millipore (Millex-GV, Burlington, MA, USA, 0.22 µm) 

membrane filter to remove all possible impurities. After that, they 

were analyzed using a high-pressure liquid chromatograph with a 

diode array detector (UFLC-DAD, Shimadzu Nexera, Tokyo, 

Japan) (wavelength of vitamin C absorption maximum at 243 nm) 

equipped with Inertsil® ODS-4 column (2.1 mm × 50 mm i.d., 

particle size 2 μm, 30 °C). Prepared samples (20 µL) were injected 

and analyzed. The mobile phase (flow rate 1.0 mL/min) was a 

mixture of acetonitrile and water (50:50, v/v, pH 2.56), while the 

water was acidified with phosphoric acid so that the mass fraction 

of phosphoric acid was 0.1%.  

4. Results and discussion 

Firstly, the degradation of vitamin C was investigated in 

ultrapure water, under different initial pH values, at pH 10 and 7, 

using SSI. Based on the obtained results (Fig. 2) it can be seen, that 

the degradation rate was higher under basic conditions. This can be 

explained by the auto-oxidation process of vitamin C, which is 

accelerated under alkaline conditions [8].  
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Fig. 2 Degradation kinetics of vitamin C (0.05 mM) in ultrapure 

water, under SSI 

In the next step, we investigated the degradation efficiency of 

vitamin C in thermal water from Kanjiža Spa. There were two 

different water samples used. Namely, the degradation studies were 

conducted in pure thermal water (i.e without any treatment) and in 

samples where 50% of initial volume of water was evaporated in 

order to increase the concentration of present minerals (Table 1). 

The experiments were carried out under two different inital pH (10 

an 7) and the obtained results are represented in Fig. 3. Based on 

our findings it can be seen that the degradation rate of vitamin C 

was higher in the non-treated thermal water compared to ultrapure 

water at both initial pH. The higher degradation in non-treated 

thermal water can be explained by the presence of different ions and 

by the higher natural pH value, which can accelerate the 

degradation. On the other hand, in the evaporated water samples the 

degradation of vitamin C under SSI was lower at both inital pH 

comperated to other samples (Fig. 3). The possible explanation for 

this behaviour lies in the fact, that the concentration of present 

cations and anions was higher and reduced the degradation, i.e 

vitamin C was protected from forced photodegradation under SSI. 

Furthermore, after 15 min of irradiation the degradation process 

stopped and no further amounts of vitamin C were degraded in the 

last 15 min of irradiation.  

 

 

 

Table 1. Chemical characteristics of thermal water from Kanjiža Spa  

Parameter Value 

pH 7.9 

Sodium (g/L) 1.298 

Potassium (g/L) 0.0097 

Lithium (g/L) 0.0001 

Ammonium (g/L) 0.0002 

Calcium (g/L) 0.0064 

Magnesium (g/L) 0.0027 

Strontium (g/L) 0.0004 

Manganese (g/L) 0.00001 

Iron (g/L) 0.00001 

Aluminum (g/L) 0.00005 

Hydrogen carbonate (g/L) 2.934 

Chloride (g/L) 0.073 

Bromide (g/L) 0.00013 

Iodide (g/L) 0.0006 

Fluoride (g/L) 0.0003 

Nitrate (g/L) 0.0001 

Hydrogen phosphate (g/L) 0.0002 

Sulphate (g/L)  0.0009 
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Fig. 3 Degradation kinetics of vitamin C (0.05 mM) in ultrapure, 

thermal and evaporated thermal water, under SSI 

Finally, in order to determine the optimal conditions, further 

experiments were carried out with thermal water evaporated to 30% 

and 70% (Fig. 4) at initial pH 7 and 10, under SSI. Based on our 

findings it can be seen that in the samples with thermal water 

evaporated 30% higher degradation was observed compared to 50% 

and 70%, after 30 min of irradiation under SSI. It can be explained 

by the lower concentration of various ions which could not reduce 

the degradation of vitamin C. On the other hand, in the case of 

thermal water samples evaporated to 70% lower degradation was 

observed compared to 30%, but higher compared to 50%. This 

behavior is probably due to the very high concentration of present 

ions.  
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Fig. 4 Degradation kinetics of vitamin C (0.05 mM) in ultrapure, 

thermal and evaporated thermal water, under SSI 

5. Conclusion and outlooks 

In this study the possible antioxidant effect of thermal water 

from Kanjiža Spa was investigated. In order to prove this effect, the 

stability of vitamin C was followed during forced photodegradation 

under SSI and at initial pH 7 and 10. Firstly, our findings showed a 

different behaviour of vitamin C in ultrapure and thermal water. 

Based on the obtained data it also can be concluded, that in alkaline 

medium, both in ultrapure and thermal water, the degradation rate 

was higher, which can be the result of vitamin C auto-oxidation, 

which is more intense above pH 7. The influence of present ion 

concentration on the photodegradation efficiency was examined, as 

well. Namely, thermal water was evaporated to 30%, 50% and 70% 

in order to reach different concentration of the present natural 

cations and anions in the samples. According to the obtained data, 

the lowest vitamin C degradation was achieved when 50% of 

thermal water was evaporated. Whereas, in the case of 30% and 

70% the degradation efficiency was higher. The reduced 

photodegradation rate of vitamin C in the case of 50% indicates a 

possible antioxidant effect of thermal water, since the irradiated 

compound was protected from the total degradation. 

Our findings indicate that evaporated thermal water to 50% 

could be used as an antioxidant and has potential application in 

pharmaceutical industry. Namely, different preparations could be 

developed, for instance skin care products, using an eco-friendly, 

natural resource instead of chemicals. Furthermore, various 

experiments should be carried out in order to determine the possible 

use of thermal water as an active pharmaceutical ingredient, which 

would make pharmacy and medicine more sustainable.  
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