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ОДРЖИВО УПРАВЉАЊЕ ВОДАМА – МЕТОД ЗА ПРЕДВИЂАЊЕ 
РАСПОЛОЖИВОСТИ ВОДНИХ РЕСУРСА 

 
 

Апстракт: Предмет овог рада је вода као једна од најважнијих 
супстанци на планети. Мотивација за ово истраживање лежи у бројним 
сукобљеним интересима везано за коришћење вода, посебно израженом у 
нарушеној животној средини, у условима недостатка вода, недостатка 
података и недостатка одговарајућих методологија за проналажење одр-
живих решења. Различита истраживања су урађена, која примењују 
вештачку интелигенцију и анализирају разноврсне моделе оптимизације 
управљања водама, у условима сукоба интереса у вези са употребом вода. 
Ово истраживање има за циљ да се истраже методе управљања водама са 
аспекта одрживости у оквиру непотпуних и непоузданих информација. У 
овом раду се анализира модел предвиђања расположивости водних 
ресурса са аспекта различитих утицаја. 

 
Кључне речи: Управљање водама; одрживост; расположивост; 

непоузданост; ГИС. 

 

SCIENTIFIC WORK 

INVESTIGATION OF BENZOPHENONE-3 ELECTROCHEMICAL 
DEGRADATION ON TITANIUM ELECTRODE 

Danka Aćimović1, Branislava Savić1,Tanja Brdarić1, Dragana Vasić Anićijević1, 
Marija Ječmenica Dučić1, Milica Ćurčić1, Danijela Maksin1 
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- National Institute of thе Republic of Serbia, University of Belgrade

Abstract: Benzophenone-3 is a well-known molecular UV filter, main-
ly found in commercial cosmetic preparation for sunscreen and skincare. Due 
to increased use of sunscreens, it could be found in surface water and 
wastewater, which could affect the water quality and human health. Research 
indicates that benzophenone-3 act as endocrine disruptor and has a carcinogen-
ic and mutagenic effect on humans and other living organisms. As such, poses 
a health risk to all living beings and need to be removed from the environment. 
Electrochemical techniques for wastewater treatment of organic pollutants 
show advantages over commercial techniques as practicality, safety, and simple 
application on both, small and large systems. Aim of the presented research is 
to examine the possibility of using titanium anode plates for electrochemical 
degradation of benzophenone-3 in 0.05M aqueous sodium chloride solution. 
Electrolysis was performed in galvanostatic mode at a current density of 25 mA 
cm-2. During 40 minutes of electrolysis, the degradation efficiency of benzo-
phenone-3 is 98.3 %. Additional studies of process kinetics show that degrada-
tion of benzophenone-3 follows first-order kinetics.

Key words: benzophenone-3, electrochemical degradation, titanium 
electrode 
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1. INTRODUCTION 
 

Benzophenone-type UV filters represent a very diverse group of chemicals 
that are used across a range of industrial sectors around the world. They are found 
within different environmental compartments (e.g. surface water, groundwater, 
wastewater, sediments and biota) at concentrations ranging from ng/L to mg/L. 
Benzophenone-3 (2-hydroxy4-methoxybenzophenone or oxybenzone) is one of the 
most commonly used organic UV filters in recent decades. It is mainly used as 
ultraviolet light filters in sunscreen agents, but it can also be found in other cosmet-
ic products such as lipsticks, skin lotions, facial creams, and fragrances, and in 
various personal care products, including shampoos, body washes, toilet soaps, hair 
sprays, and insect repellents, because they can prevent polymer degradation or 
pigmentation [1, 2]. 

Benzophenone-3 has two benzene rings joined by a carbonyl group. As with 
other organic UV filters, benzophenone-3 is a photostable, lipophilic and potential-
ly bioaccumulative compound. The relatively high log-Kow value of benzophe-
none-3, i.e., 4.0, suggests its slow biodegradation, tendency to adsorb to suspended 
solids and sediments, and low volatilization potential from water surfaces. Benzo-
phenone-3 has been shown to degrade by about 4% after 28 days in water indicat-
ing its persistence in aquatic environment. During summer, the half-life of BP-3 in 
surface water was estimated at a few weeks, and the persistence appeared to be 7 to 
9 times greater in winter under mid-latitude conditions [3]. As a consequence, this 
compound has frequently been detected in both, environment and biota. Wide-
spread occurrences of this compound have led to its frequent detection in fish and 
in human urine, serum, and breast milk [4, 5, 6]. Absorbed benzophenone-3 can be 
hydroxylated to form metabolic byproducts such as benzophenone-1, benzophe-
none-8, or 2,3,4-trihydroxybenzophenone. Benzophenone-1 is also believed to be 
one of the major metabolites of benzophenone-3 in fish and humans.  

A number of in vitro studies indicate that UV filters such as benzophenone-3 
and benzophenone-1, as benzophenone-3 metabolite, have endocrine-disrupting 
capacities. Benzophenone-3 has been frequently reported for endocrine disruption. 
Experimental animal and in vitro studies have shown that benzophenone-3 influ-
ences reproduction and sex hormone signaling. Benzophenone-1 is reported to 
possess even greater estrogen receptor binding affinity compared to BP-3 and for 
these benzophenonones it is suspected to influence on hormone-dependent diseas-
es, and are associated with the birth outcome of humans [7, 8]. In recent studies, it 
found that dermal application of benzophenone-3, with representative daily internal 
dose of 50 mg/kgbody weight, has negative impacts on fetal development in pregnant 
mice, both in terms of growth restriction and sex ratio [9]. Furthermore, a correla-
tion between the urinary benzophenone-3 concentration and the prevalence of oste-
oarthritis in humans was verified [10].  

European Chemicals Agency reported that environmental contamination lev-
els for benzophenone-3 exceed the predicted no-effect concentration of 0.67 µg L-1. 
According to REACH (Registration, Evaluation, Authorization and Restriction of 
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Investigation of benzophenone-3 electrochemical degradation on titatnium electrode 
 
Chemicals), endocrine disruptors may be identified as substances of very high con-
cern that need to be restricted in terms of use and spread in cases of confirmed 
hazard. Denmark initiated an endocrine disruptor assessment for benzophenone-3, 
which is still ongoing. The German Environment Agency (UBA) is currently work-
ing on a strategy for hazard assessment of benzophenone-type UV filters [8]. 

Due to benzophenone-3 potential endocrine disruption effect and toxicity, it 
is necessary to develop methods for detection, tracking and degradation in aquatic 
environment, to make it safe for living beings and the environment. In the past few 
years, conventional technologies, such as coagulation, flocculation, adsorption, 
ozonization are adapted for the removal of benzophenone-3 from drinking water 
and surface water . Because of benzophenone-3 high photostability, direct photo-
degradation with UV radiation is slow process. Also, biodegradation and sorption 
are efficient ways to eliminate benzophenone-3 from water [11, 12].  However, 
these processes can be impractical, unsafe and complex for the application on large 
systems. Therefore, it is crucial to develop a new approach for benzophenone-3 
removal in aquatic media. 

Advanced Oxidation Processes (AOPs), as a group of depollution methods 
that use hydroxyl radicals - the strongest known oxidant for the oxidation of organ-
ic pollutants, stands out. Significant attention has been paid to developing of these 
effective techniques for removing organic pollutants. 

Electrochemical oxidation processes, including anodic oxidation, due to 
strong oxidation ability, simple application and environmental compatibility, can 
be promising techniques for removal of toxic organic pollutant, e. g. organic dyes, 
polycyclic aromatic hydrocarbons, polychlorinated biphenyls, phenolic com-
pounds, including organophosphates. Nature of anode materials have significant 
and decisive influence to efficiency of these processes. Also, the choice of the ap-
propriate supporting electrolyte – chloride, sulfate, phosphate etc., plays important 
role in electrochemical oxidation. During anodic oxidation, electrochemically gen-
erated species like activated chlorine species, persulfates, perphosphates, percar-
bonates, and hydrogen peroxide that are electrochemically generated from com-
pounds present in the bulk solution such as chloride, sulfate, carbonate, phosphate 
and oxygen can significantly improve these degradation processes. The final result 
represents a compromise between the acceleration of kinetics and the gained by-
products.  
To our knowledge, there are no publications that describe using titanium anode 
plates for electrochemical degradation of benzophenone-3 in aquatic media. The 
literature contains studies relating to the degradation of benzophenone-3 on 
Ti/SnO2-Sb/Ce-PbO2 anode and TiO2 nanotubular array electrodes [13, 14]. 

In this study, we have investigated the possibility of using titanium anode 
plates for electrochemical degradation of benzophenone-3 in 0.05 M aqueous sodi-
um chloride solution at current density of 25 mAcm-2. The sodium chloride solu-
tion was chosen as the supporting electrolyte to obtain a realistic picture of the 
contaminated water sample in which the chlorides are present. Kinetic analysis of 
that electrochemical process was performed by zero-order, first order, second order 
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and pseudo first-order kinetic models, and the results are reported in this paper. 
This work is useful to deepen our knowledge of whether electrochemical oxidation 
on the simple electrode without modification is a suitable treatment to remove or-
ganic constituents of sunscreen in wastewater. Additionally, it is possible to predict 
the time required for complete degradation using a kinetic model. 

 

2. MATERIALS AND METHODS 
 
For presented experiments following chemicals were used: Benzophenone-3 

(Energy Chemical Reagent, Shanghai, China, purity 98%), sodium-chloride, NaCl 
(Sigma-Aldrich) and deionized  water (18 MΩcm,) obtained from a Milli-Q Milli-
pore system. 

The electrochemical experiment was done using Gamry Potenti-
ostat/Galvanostat/ZRA06230 (Gamry Instruments, USA). Electrolysis of 4.381 10-5 
M solutions of benzophenone-3 in 0.05 M NaCl was carried in an undivided, three-
electrode electrolytic cell on current density of 25 mA cm-2 at room temperature, 
with a mixing speed of 200 rpm. Titanium plate (Ti), active surface area of 2.86 
cm2, was used as anode, platinum foil as cathode and standard Ag/AgCl electrode 
as the reference electrode. The distance between the anode and cathode was 2 cm. 
The aliquots were taken in different time intervals and absorbance at maximum 
absorbance peak (at 310 nm) were recorded on UV/VIS spectrophotometer Lamb-
da 35 (Perkin Elmer, SAD). 

 

3. RESULTS AND DISCUSSION 
 
The electrolytic concentration profile and appropriate UV spectrum during 

electrochemical oxidation of benzophenone-3 were presented in Figure 1b. As can 
be seen, with increasing of electrolysis time, concentration of benzophenone-3 
decreases. Degradation of benzophenone-3 was fast within the initial 10 minutes. 
Determined efficiency is about 61%. During further electrolysis treatment, the con-
centration of benzophenone-3 slowly decreases. Complete degradation of benzo-
phenone-3 with efficiency above 98.4% were achieved after 40 minutes.  
In contrast to a previous study that used Fe electrode for degradation BPA, the 
increase of the concentration of benzophenone after 5 minutes of electrolysis is not 
observed [15]. However, the continuous decrease in BPA concentration during 
electrolysis is indisputable evidence that chemical reactions such as the formation 
of complexes a neutral form of BP-3 with some components of electrolyte did not 
occur in the system. 
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Investigation of benzophenone-3 electrochemical degradation on titatnium electrode 
 

 
Figure 1.  Electrolytic degradation profile of 10 mg L−1 benzophenone-3 at current density 

25 mA cm-2;  insert : appropriate UV spectrum  

 
Kinetic analysis 

 
Oxidative electrochemical degradation process of benzophenone-3 by tita-

nium electrode were kinetically modeled using zero order, first order, second 
order and pseudo first order kinetic models. Coefficients of determination of each 
of the kinetic models plotted with their linear model equations are presented in 
Figure 2. The parameters of applied kinetic models, such as rate constants, k and 
coefficient of determination were calculated from the linear plots. They are pre-
sented in Table 1.  
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Figure 2. Linear plot of (A) zero order, (B)  first order, (C) second order and (D) pseudo 
first order kinetic model 

Table 1.Benzophenone-3 oxidative degradation parameters of kinetic models 

Rate constants Coefficient of determination 
Zero order mode -1.380 10-6 (Mmin-1) 0.684 
First order mode -0.124 (min-1) 0.996 

Second order mode 38742.86 (M-1 min-1) 0.936 
Pseudo first order mode 0.12 (min-1) 0.997 

The coefficient of determination for the pseudo first and first order model 
was relatively satisfactory and close to 1. This confirms that the degradation of 
benzophenone-3 by electrolysis follows first-order kinetics. Similarly, several 
authors have reported that the removal of organic pollutants follows first-order 
kinetic [16, 17].  
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Table 1.Benzophenone-3 oxidative degradation parameters of kinetic models

Rate constants Coefficient of determination
Zero order mode -1.380 10-6 (Mmin-1) 0.684
First order mode -0.124 (min-1) 0.996

Second order mode 38742.86 (M-1 min-1) 0.936
Pseudo first order mode 0.12 (min-1) 0.997

The coefficient of determination for the pseudo first and first order model
was relatively satisfactory and close to 1. This confirms that the degradation of
benzophenone-3 by electrolysis follows first-order kinetics. Similarly, several
authors have reported that the removal of organic pollutants follows first-order
kinetic [16, 17]. 

Investigation of benzophenone-3 electrochemical degradation on titatnium electrode 

The constructed benzophenone-3 degradation kinetics model can be applied 
to evaluate the degradation level of benzophenone-3 and predict its concentration 
during the electrolysis time. If the kinetics parameters of k for the benzophenone-3 
are obtained based on the method mentioned above, their equations presented on 
Figure 2 can be used to calculate the c values under different electrolysis time.  

Figure 3. The theoretically calculated electrolytic degradation profile (line) and experi-
mental data (scatter) of benzophenone-3 degraded in 0.05M NaCl aqueous electrolytes 

Figure 3 shows the plots of electrolytic degradation profile from the theoreti-
cal model (see equations on Figure 2) for the degradation of the benzophenone-3 in 
0.05M NaCl solutions. The data of concentration at degradation time from experi-
mental findings are also presented, which match well with the theoretically curve 
for the first order reaction. 
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4. CONCLUSION

In summary, our proof-of-concept study has established a electrochemical 
technique for the degradation of benzophenone-3 in NaCl aqueous electrolytes 
using titanium plate electrodes, which could also be further generalized in other 
media. The rate equations of the chemical and electrochemical processes in benzo-
phenone-3 degradation follow first-order kinetics. The construction of the benzo-
phenone-3 degradation kinetics model in this work would provide better insight in 
prediction of benzophenone-3 degradation time and facilitate the optimization of 
process for practical applications. 
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ИСПИТИВАЊЕ ЕЛЕКТРОХЕМИЈСКЕ ДЕГРАДАЦИЈЕ 
БЕНЗОФЕНОНА-3 НА ЕЛЕКТРОДАМА ОД ТИТАНА 

 
 

Апстракт: Бензофенон-3 је општепознат молекулски УВ филтер 
који сe користи у комерцијалним козметичким препаратима за сунчање и 
негу коже. Услед пораста употребе крема за заштиту од сунца, расте и 
концентрација наведеног једињења у површинским и отпадним водама 
што утиче на квалитет воде и здравље људи. Досадашња научна истражи-
вања показују да бензофенон-3 делује канцерогено и мутагено и проузро-
кује поремећај функције ендокрилних жлезда у живим организмима. Као 
такав, представља ризик по здравље живих бића и треба га уклонити из 
околине. Електрохемијска технике за пречишћавање отпадних вода од 
органских загађивача показала су бројне предности у односу на стан-
дардне технике пречишћавања укључујући практичност, сигурност и јед-
ноставну примену како на малим тако и на великим системима. Презен-
товано истраживање има за циљ испитивање могућности примене титани-
јумских електродних плоча за електрохемијску деградацију бензофенона-
3 у 0.05М воденом раствору натријум хлорида. Електролиза је рађена у 
галваностатском режиму при густини струје од 25 mA cm-2. Током 40 
минута електролизе, ефикасност деградације бензофенона-3 износи 
98,3%. Додатна испитивања кинетике процеса показују  да деградација 
бензофенона-3 следи кинетику првог реда 

 
Кључне ријечи: бензофенон-3, електрохемијска деградација, 

титанијумска електрода 
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NANOAMPLITUDE RESONANCE VIBRATIONS OF SAMPLES IN A 
STRONG UNIFORM MAGNETIC FIELD 

Sergej.V. Kovalevskyy, Olena S. Kovalevska 

Donbas State Engineering Academy, Kramatorsk, Ukraine 

Abstract: The paper presents the results of studies of the effect of nano-
amplitude vibrations of steel samples in a constant and uniform strong magnet-
ic field on some of their physical and mechanical characteristics. Various tech-
nological schemes are considered, in which broadband excitation of samples is 
applied using piezoelectric exciters that convert an electrical signal of constant 
amplitude in the range from 20 Hz to 20 kHz in the form of "white noise" into a 
resonant spectrum of natural mechanical vibrations of the samples. The results 
of such impacts on samples in laboratory conditions are confirmed by standard 
tests for the hardness of samples, their chemical composition and metallog-
raphy. These studies confirmed the possibility of volumetric action on the ma-
terial of the samples for various variants of technological schemes and made it 
possible to draw conclusions about the prospects of using nano-amplitude reso-
nance oscillations of the samples in a strong uniform magnetic field of perma-
nent magnets for strengthening the samples. It is shown that for samples of eu-
tectoid steel with a carbon content of 0.8%, magnetic resonance treatment of 
the samples with an electric signal source with a power of only 3 watts for 50 
minutes made it possible to achieve a change in Brinell hardness up to 35%. In 
this case, the formation of a mesh of a reinforcing nature made of lamellar 
pearlite in the bulk of the sample material was observed. An increase in the 
amplitude of oscillations of the piezoelectric resonator and, consequently, of 
the samples leads to an increase in the hardness of the material and the duration 
of reaching the steady-state value of its hardness, however, the nature of such 
changes is extreme. An increase in the amplitude of oscillations of the piezoe-
lectric resonator and, consequently, of the samples leads to an increase in the 
hardness of the material and the duration of reaching the steady-state value of 
its hardness, however, the nature of such changes is extreme. The results ob-
tained allow us to conclude that such processing is promising for increasing the 
wear resistance of non-regrowth cutting tool plates, for increasing the durability 
of elements of mechanical parts and structures. Also, it becomes possible to 
expand the list of technological influences on the working surfaces of machine 
parts, along with surface plastic deformation and heat treatment. 

Key words: volumetric hardening, uniform magnetic field, resonance, 
vibrations, piezoelectric elements, metallography. 


