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Antibiotics have been found in water bodies of different origin around the world, including natural waters.
The presence of antibiotics in natural waters is already an important environmental problem, as they pose a
potential threat to the environment. Analysis of the literature shows that photocatalytic methods are
considered to be more promising than biological methods and adsorption processes for the treatment of
water bodies contaminated with antibiotics and other pharmaceuticals. The aim of this study was to
determine the efficiency of antibiotics removal (ciprofloxacin, sulfamethoxazole and trimethoprim) by
photocatalytic methods over TiO; photocatalyst modified with yttrium oxide. For this purpose, a commercial
sample of TiO; P25 (Evonik) was modified, which was further characterized by X-ray diffraction and X-ray
fluorescence analysis methods. The obtained data indicate the presence of yttrium in commercial P25 sample
after modification. Studies on the removal of antibiotics from aqueous solutions by photocatalytic methods
were carried out in three ways: employing modified photocatalyst; combination of photocatalyst and
hydrogen peroxide, and the combination of photocatalyst with hydrogen peroxide and ozone. The results of
research demonstrate high efficiency of photocatalytic methods in the oxidation of antibiotics in aqueous
solutions, among which the greatest oxidation is achieved using the combination of heterogeneous
photocatalyst, hydrogen peroxide and ozone.
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1. Introduction Table 1 presents data on the

concentration levels of these antibiotics in

The presence of antibiotics in the some countries. As can be seen from the

environment has become an important
environmental problem, as these
pharmaceuticals pose a potential threat to
human health and the existence of biota [1]. A
wide range of antibiotics, including
ciprofloxacin (CIP), sulfamethoxazole (SMX)
and trimethoprim (TMP), have already been
identified in effluents of wastewater treatment
plants, as well as in surface water,
groundwater and drinking water in Europe
and the United States because of their wide
use, high resistance to oxidation and

metabolism, etc. [2, 3].
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table, concentration levels of these antibiotics
in natural waters are quite high, and tend to
increase from year to year. Unfortunately, due
to the lack of legal and analytical bases in
Ukraine, the content of pharmaceutical
substances in water bodies is not monitored.
However, this fact does not mean that
antibiotics are absent in the natural water
bodies of Ukraine; because of the obsolete
wastewater treatment technologies, their
content might be much higher.

Antibiotics are usually removed from
aqueous solutions by such processes as
biological treatment or adsorption [4-7].
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However, other methods of antibiotics
removal are widely studied in modern
literature:  electrocoagulation, = membrane
processes and photocatalytic methods or so-
called AOPs [8-10]. Among the listed
methods, photocatalytic methods using TiO»-
photocatalysts are the most promising, as the
employment of solid catalysts based on TiO>
allows not only oxidation of antibiotics, but
also their mineralization [11]. Commercial
TiO»-based photocatalysts, which have high
photocatalytic efficiency, include
photocatalysts of the brands Evonik P25 and

Hombikat UV-100.

Table 1. Average concentrations of
TMP, CIP and SMX in wastewater[3]
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earth metals has recently become very
popular, among which yttrium is relatively
cheap.

Thus, the aim of this work was to study
the removal of antibiotics such as
ciprofloxacin, sulfamethoxazole and
trimethoprim by photocatalytic methods
employing TiO2 photocatalyst modified with

yttrium oxide.

2. Materials and Methods

Average
concentration of
Antibiotic | Country antibiotics in
wastewater
(ng/dm?)
CIP Europe 20-95
Spain 438
SMX Switzerland 280
Sweden 70-233
France 128-271
TMP -
Switzerland 200

Despite the undeniable advantages of
TiO, photocatalysts, there are significant
disadvantages, such as low quantum
efficiency and low photocatalytic activity
under visible light. The improvement of these
properties is achieved by doping TiO» with
metal nanoparticles (Pt, Au, Ni, Mo, W, Nb,
Mn, Pd, Fe, Ce, Co, etc.) or non-metals (S, C,
N, etc.) [12-17]. In addition, a promising way
to increase photoactivity of the TiO»-
photocatalysts is to create composites on its
base [18-23]. In the scientific literature,
modification of titanium (IV) oxide with rare

HETPAJULIIHI OYMCHI TEXHOJIOTTi

The following reagents and materials
were used in the work: hydrogen peroxide
(H20»), antibiotics (ciprofloxacin
Ci7H18FN303,  trimethoprim  Ci14H18N4Os3,
CioH11N3O3S) and a
commercial photocatalyst P25 Evonik, the

sulfamethoxazole

characteristics of which are shown in Table 2.

Table 2. Characteristics of titanium (IV)
oxide [24]

Characteristics Value
Ti0; content (%) 94
pH 6.5-8.0
Nanoparticle size (nm) 5-21
Modification of commercial

titanium (IV) oxide with yttrium oxide (Y203)
was performed as follows. Yttrium nitrate
(Y(NO3)3:6H20) of analytical qualification
was chosen as a precursor. The calculated
amount of yttrium nitrate (to obtain 1 wt.% of
yttrium oxide) was mixed with 1 g of TiO»,
and a certain amount of water was added.
The obtained suspension was transferred to a
stainless steel reactor with a Teflon liner, and
heated to 160 °C for 12 hours. The reactor
was then cooled and modified TiO: was
washed and separated in a centrifuge.
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The washed sample (Y203-TiOz) was dried at
60 °C for 12 hours.

Modified samples of P25 were studied
by X-ray fluorescence and X-ray diffraction
methods of analysis. Chemical composition of
the samples was determined using a precision
analyzer EXPERT 3L (Ukraine). Diffraction
analysis of the powder was performed using
an X-ray diffractometer Rigaku Ultima IV
(Japan) with CuKa radiation (40 kW, 30 mA).
The phase composition and size of the
crystallites were determined and calculated
using relevant software.

Studies of the antibiotics removal by
photocatalytic methods were carried out using
setup shown in Fig. 1. This experimental
setup allows to study the influence of ozone,
hydrogen peroxide, UV radiation and
photocatalyst both separately and
simultaneously.

As can be seen from Fig. 1, the setup
consists of a tank for model water, a pump, a
chamber with a UV lamp inside and an
ozonator that supplies O3 to the ozone
chamber. The system is looped and connected
by tubes for water circulation in it.
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Fig. 1. Photocatalytic setup. Positions:
1 — tank, 2 — pump, 3 — UV lamp (257 nm),
4 — ozonator, 5 — faucet, 6 — gas collector;,
flows: 1 — model water with catalyst and
hydrogen peroxide, 2 — air, 3 — treated water
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The spectra of antibiotic solutions both
before and after photocatalytic process were
recorded on a UV/VIS Spectrophotometer
(220V/50Hz) in the wavelength range of 190-
800 nm.

The degree of removal was determined
by the formula [25]:

x =27 1009,
Ag
where 4y and Ax — are initial and resulting
optical densities of the antibiotic solution by

characteristic wavelength.

3. Results and Discussion

The results of the characterization of
titanium (IV) oxide modified with yttrium
oxide (sample Y203-TiOz) and unmodified
P25 (for comparison) are presented in Fig. 2
and in Table 3.
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Fig. 2. XRD patterns of the samples:
1 - P25, 2—-Y,0s5-TiO:

As can be seen from Fig. 2, XRD
patterns are identical, and only the peaks
associated with P25 (90% anatase and 10%
rutile; standard cards Ne 00-021-1276 for
rutile, No 00-021-1272 for anatase) are clearly
observed. Yttrium oxide phase was not
detected.
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Even though Y203 phase has not been
detected, the chemical composition (Table 3)
indicates the presence of yttrium in modified
sample of TiOz. In terms of oxide, it is
0.92 wt.% that is very close to theoretically
calculated.

Table 3. Chemical composition of the

sample
Sample Ti, % Y, %
P25 100 -
Y20;-TiO2 1.2 98.8

Studies of the antibiotics removal: CIP
and co-trimoxazole (SMX + TMP) from
model aqueous solutions by photocatalytic
methods were carried out in three ways:
employing Y203-TiO2 photocatalyst only;
employing Y203-TiO; photocatalyst in the
presence of hydrogen peroxide; employing
Y20s3-TiO, photocatalyst in the presence of
hydrogen peroxide with the addition of ozone.

Fig. 3 shows the spectra of CIP solution
before and after the photocatalytic process
over Y20;3-TiO2 photocatalyst in the absence
of hydrogen peroxide (spectrum 2, Fig. 3) and
in its presence (spectrum 3, Fig. 3). It can be
seen that intensities of the antibiotic peaks
become much lower after the photocatalytic
process both in the case of Y203-TiO2 usage
and usage of photocatalyst combination with
hydrogen peroxide. The greater degree of
oxidation is observed for the employment of
combination of Y20;-TiO2 and oxidant
(Table 4). This is explained by the formation
of more OH" radicals in this case [10].

Fig. 4 illustrates the spectra of the initial
co-trimoxazole solution (spectrum 1, Fig. 4)
and of the solution after the photocatalytic
process using a combination of the catalyst
with hydrogen peroxide (spectrum 2, Fig. 4).
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Fig. 3. Spectra of CIP solution before
photocatalytic process (1) and after (2, 3): 1 —
initial CIP solution (50 mg/dm?), 2 — solution
spectrum after photocatalytic process over
Y>05-TiO2, 3 — solution spectrum after
photocatalytic process over Y203-TiO: in the
presence of hydrogen peroxide

Table 4. Degrees of antibiotics oxidation in
aqueous solutions by photocatalytic methods

Oxidation degrees, %
Y203-
e e Y203- 2 ?
Antibiotic Y20:3- TiO, + TiO2 +
TiO» 2 H20: +
H20:
(0]
CIP 52 87 100
Co-
trimoxazole
56 92 100
(SMX +
TMP)

As in the case of CIP removal, there is a
significant reduction in the intensity of the
antibiotic peaks and according to the data in
Table 4, a greater degree of oxidation is also
observed for the combination of the catalyst
with hydrogen peroxide.
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Fig. 4. Spectra of SMX+TMP (co-
trimoxazole) solution before photocatalytic
process (1) and after (2): 1 — initial co-
trimoxazole  solution (50 mg/dm’), 2
solution spectrum after photocatalytic process
over Y>03-TiO: in the presence of hydrogen
peroxide

In Table 4, degrees of oxidation of
antibiotics (CIP and co-trimoxazole) are
given: using Y203-TiO2  photocatalyst;
combination of Y20s3-TiO2 photocatalyst and
hydrogen peroxide; combination of Y20s-
TiO2 photocatalyst and hydrogen peroxide
with the addition of ozone.

Analysis of the obtained data (Table 4)
indicates complete degradation of antibiotics
with a concentration of 50 mg/L using Y203-
TiO> photocatalyst in the presence of
hydrogen peroxide and the addition of ozone.

4. Conclusions

Studies have shown the effectiveness of

antibiotics removal (ciprofloxacin,
sulfamethoxazole and trimethoprim) by
various combinations of photocatalytic
methods using TiO> photocatalyst modified
with yttrium oxide.

Characterization of modified and

unmodified commercial sample of TiO> — P25

ALTERNATIVE TREATMENT TECHNOLOGIES
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(Evonik) by X-ray diffraction and X-ray
fluorescence methods of analysis revealed
that after modification with yttrium oxide, the
latter is present in the sample.

It was shown that the most effective
photocatalytic system is the combination of
heterogeneous  photocatalyst,  hydrogen
peroxide and ozone, which oxidizes
antibiotics in aqueous solutions by 100% at
their initial concentration of 50 mg/L.

It was confirmed that the use of
photocatalytic methods is a promising
solution for the treatment of water bodies

containing antibiotics.
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BUJIYYEHHSA AHTUBIOTUKIB ®OTOKATAITUYHUMHAU

METOJAMMU
A.C. Kymyzosa'?, T.A. Jonyoea', M.IO. Jlasuoosa’

'KIII im. Iropst Cikopchkoro

2 JleiOHiIbKMi THCTUTYT KaTallizy

Aumubiomuxu 3HatlOeHi Yy 800HUX 00 €KMax pPi3HO20 2eHe3UCYy NO YCbOMY C8Imy, cepeod AKUX U
npupoori eoou. [lpucymuicms anmuOiomukie y npupoOHuUx 800ax HA CbO2OOHIUWIHIL OeHb BJice €
8AMNCIUBOI0  €KOJIO2IUHOI0  NPOONEeMOI0, OCKIIbKU BOHU CHMAHOGNAMb  HNOMEHYIUHY — 3a2po3y
HABKOMUUHBOMY cepedosuwyy. Ananiz nimepamypHux Oauux cei0uums, wo GomoKamanimuyHi
Memoou  88axdcaromvCsi  OLbUW  NEPCNeKMUSHUMU ) NOPIGHAHHI 3  OION02IYHUMU Memodamu
OUUWEeHHAM mMa npoyecamu aocopoyii Ol 3HEUKOONCEHHS BOOHUX 00 €Kmis, wo Micmsamo
anmubiomuxu ma iHwi Gapmayesmuuni npenapamu. Memoio 0aH020 HAYKOB8020 O00CHIONCEHHS
0y10  6CMAHOGNEHHS  e(heKmMUBHOCMI  BUNYYEHHSs  AHMUOIOMUKie  (YUnpoghrokcayumy,
cynvghamemorcazony ma  MpuUMemonpumy) @GOmoKamanimuyHuUMU Memooamu 3d  yyacmi
mooughixosarnoeo oxcuoom impito TiOz. /s yvoeo 6yno npoeedeno Moou@ixayio KomMepyiuHozo
spasky  TiO> P25  (Evonik), saxuii  Oani  oxapakmepu3oeano  Ou@pakyiunum  ma
penmeeHogyopecyeHmuum memooamu ananizy. Oodepowcani OaHi, 6Ka3yIOMb HA NPUCYIMHICb
impito 6 Komepyitinomy 3pasky P25 nicia mooughikayii. Jlocniodicenns w000 unyyeHHs
AHMUOIOMUKIE 3 BOOHUX PO3YUHIE HOMOKAMANIMUYHUMU MEeMmOoOaMU  peani308aHo Mmpbomd
waxamu, a  came, 3a  ywacmi  mooughikosamozco  omoxamanizamopy,  KOMOIHayii
Gdomoxamanizamopy 3 O0OHOUACHUM BUKOPUCMAHHAM NEPOKCUOY BOOHIO ma KOMOIHayii
Gomoxamanizy i3 3aCMOCYBAHHAM NEPOKCUOY B600HI0 ma 030HY. Pezynomamu odocniodxcens
c8i0uUamov NPo BUCOKY epheKmusHicms homoxamarimuyHux memooie 01 OKUCHEHHs. AHMUOIOMUKIB
3 BOOHUX pO3YUHIB, ceped AKUX HAUOIIbUlL 2IUOOKe OKUCHEHHSA 00CA2AEMbCA BUKOPUCTHAHHSL
KOMOIHaYii eemepoceHno2o homokamanizamopy, nepoxkcudy 600HI0 Ma 030H).

Kniouosi cnosa: aunmubiomuxu, Hempaouyitini memoou oyuwgeHus, Gomoxamaniz, TiO>,
Mooughixayis impiem
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