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Abstract: High concentrations of pharmaceuticals have been detected in greywater effluents treated
using up-to-date technologies. Finding a suitable additional treatment before this effluent is reused is
urgently needed to ensure the reused water meets quality standards. This paper reports the use of
heterogeneous photocatalysis on anatase and rutile nanopowders to remove naproxen, metformin
and sulfamethoxazole, at practically relevant concentrations found in membrane bioreactor (MBR)-
treated greywater. A low anatase concentration of 400 mg L~ ! was sufficient to efficiently degrade the
pharmaceuticals listed above, with complete degradation observed in 5 h. The effect of background
species presented in greywater was, to some extent, comparable to that of the OH-radical scavenger.
These results prove that photocatalysis using anatase TiO; is a feasible additional treatment for
greywater recycling.
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1. Introduction

In recent years, the rapidly increased water scarcity index has emphasized the impor-
tance of recycling and reusing greywater, which can mitigate limited freshwater resources
on activities where non-potable water could be utilized. Currently, the biggest obstacle in
recycling greywater for irrigation, for instance, is the presence of micropollutants, specif-
ically pharmaceuticals and personal care products [1-3]. Pharmaceuticals are bioactive,
persistent and prone to bioaccumulation, posing a high risk when they enter the environ-
ment. Diclofenac, for instance, an analgesic, has been linked to the declined population
of vultures in India, and carbamazepine, an antiepileptic, has detrimental effects on fish
organs [4,5]. Unfortunately, most conventional treatment technologies used for greywater
recycling have little or no capacity to remove pharmaceuticals due to various inhibitory
factors.

Membrane bioreactors, which make use of the merging of biological degradation
and filtration to recycle greywater, produce high-quality effluents. In most cases, regular
pollutants (bacteria, inorganic and organic molecules) are entirely removed. However, such
as other conventional technologies, this treatment method does not eliminate pharmaceuti-
cals, such as Naproxen (NPX), Metformin (MTF) and Sulfamethoxazole (SMX), effectively.
These pharmaceuticals, representing the different groups of Active Pharmaceutical Ingre-
dients (APIs) with different structures and functional groups in play, have been found in
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concerning concentrations in raw and treated wastewater and even in greywater with low
pollution indices. The reasons for this inadequate elimination are:

1.  Their resistance to biodegradation;
2. Due to their small molecular sizes, the filtration modules are unable to create a suitable
barrier to hold them back.

These sets of pharmaceuticals show various degrees of hydrophilicity with adsorp-
tion and biodegradation, a pathway for the elimination of hydrophobic and hydrophilic
pharmaceuticals, respectively [6]. The fact is, when considering the effects of greywater
reuse, the high removal efficiency of some of these pharmaceuticals is irrelevant due to
their bioactive and bioaccumulatory abilities. Any seepage, even at low concentrations, is
highly detrimental for reuse [7,8].

To mitigate this situation, various tertiary treatment processes, i.e., additional steps
after conventional wastewater treatment, have been used to significantly improve pharma-
ceuticals’ removal. If applied successfully, they can expand the usability of greywater to
more than mere flushing. Well-treated effluents can be used for unrestricted irrigation, car
washing, fire dousing, laundry, etc. [9,10]. Of these treatment methods, Advanced Oxida-
tion Processes (AOPs), which rely on the in situ production of reactive radical species able
to degrade pharmaceuticals in wastewater [11], seem to be the most effective. Among these
processes, heterogeneous photocatalysis can be used as a tool to purify pharmaceutically
polluted wastewater [12-14].

TiO; is the photocatalyst of choice, providing thermodynamically stable, non-toxic
material with high photocatalytic activity. In combination with UV light, pharmaceuticals
and their transformation products are degraded through a series of reactions [15]. Pho-
tocatalysis has proven to be a reliable course of treatment in removing pollutants from
wastewater, leading to total degradation [16,17]. This performance is due to the formation
of holes (h*) and reactive oxygen species, such as OH, O, ~, or HO;, on the photocatalyst
surface [18,19].

In recent times, pharmaceuticals, such as NPX, MTF and SMX, have been successfully
degraded using TiO, (often commercial Evonik P25 and, in rare cases, anatase TiO;) as
a photocatalyst either in demineralized water solutions or in synthetic and real wastew-
aters [20-23]. NPX photocatalytic degradation was carried on different scales using its
solutions in demineralized water, in river water and artificial wastewater [24-26]. However,
the application of the TiO, photocatalytic process in degrading NPX in real wastewater to
study the effect of scavengers and other factors is very limited. The same holds for other
two pharmaceuticals addressed in the present study;, i.e., for MTF [27,28] and SMX [29,30].

The main research gap in this subject area is the absence of research extended to real
greywater. What is especially missing is the understanding of the effects of different factors
on the degradation of these three important pharmaceuticals. Generally, either anatase or
anatase/rutile-mixed photocatalysts have been used. We also decided to add rutile, which,
owing to different mechanistic pathways in comparison with anatase, may exhibit interest-
ing performance features in the presence of potentially disturbing components in the water
to be treated. The pharmaceuticals selected are among the most important present in real
and MBR-treated greywater and photocatalysis was applied at environmentally relevant
concentrations. Besides the photocatalysis itself, we also focus on other accompanying
processes, namely, photolysis, adsorption on the photocatalyst surface and the natural
scavenging species. In the long run, this enhanced treatment will help in expanding the
usage of greywater and, in doing so, reduce the water scarcity index.

2. Results
2.1. Photocatalysts Used and Their Characterization
Table 1 summarizes the structure and texture characteristics of both TiO, powders

used. The phase content and the size of coherent regions were determined by the analysis
of X-ray diffractograms, the broadening of the diffraction lines being interpreted only with
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regard to the crystal size and the microscopic deformations being neglected. The data
showed that the anatase and rutile samples exclusively contained the relevant phase.

Table 1. Structure and texture characterization of photocatalysts used for the photocatalytic pharmaceuticals degradation.

Phase Content 2/% Crystallite Size /nm . . b . . ¢
Photocatalyst Anatase Rutile Anatase Rutile Particle Size °/nm  Particle Size “/nm
A30 100 0 16 - 31 20-40
R30 0 100 - 29 100 30-100

2 from X-ray diffractograms; ® from N sorption data; ¢ from HR-TEM images.

Concerning the particle size, a comparative study using three physically different
experimental techniques was carried out, including the X-ray diffraction, nitrogen sorption
a HR-TEM microscopy. Surface areas calculated from sorption data using the BET method
were converted to mean particle sizes using the spherical model approximation. A compar-
ison of the particle size determined by the techniques mentioned enabled to draw some
conclusions concerning the morphology properties of the powders.

Concerning the anatase sample A30, the size of the coherent region determined by
X-ray diffraction was approximately half in comparison with the particle size determined
by sorption and HR-TEM. Consequently, the extent of agglomeration of this material was
limited to the formation of small clumps. Concerning the rutile sample R30, it consisted
of crystals ca 30 nm in size which were aggregated to larger particles about three times
greater as follows from the comparison of the XRD and sorption data.

2.2. Photocatalytic Removal of Pharmaceuticals in Ultrapure Water and in the Presence of a
Radical Scavenger

2.2.1. Naproxen

The photocatalytic elimination of naproxen at an initial concentration of 2 mg L~!
was very effective (Figure 1). A low concentration of 400 mg L~! of both allotropes was
sufficient to achieve a very high degree of degradation, the complete removal of naproxen
being attained within 40 and 180 min for A30 and R30, respectively.

NPX SMX MTF
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Figure 1. The effect of radical scavenger added on the kinetics of the photocatalytic degradation of naproxen (NPX),
sulfamethoxazole (SMX) and metformin (MTF) in the presence of anatase (A30) and rutile (R30).

The two accompanying processes, namely, photolysis and adsorption on the photocat-
alyst surface, were shown to play some role (Figure 2). Concerning photolysis, naproxen
was partially degraded by UV-A irradiation (20%) in the absence of the photocatalyst. This
can be connected with the presence of the chromophores. Consequently, the degradation
could only occur if the light fell within the absorption spectrum of naproxen.
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Figure 2. Comparison of the removal efficiencies of photocatalysis, adsorption and photolysis (all
after 5 h) for naproxen (NPX), sulfamethoxazole (SMX) and metformin (MTF).

The extent of adsorption on the surface of anatase A30 was significant. After 5 h,
when the equilibrium was achieved, the concentration of dissolved naproxen was halved.
On rutile this effect was less pronounced, where the naproxen concentration decreased
by about 20%. The high sorption on anatase is important from the mechanistic point of
view as photocatalytic mechanisms, including adsorbed species, can be expected to play a
dominant role.

This conclusion was supported by the outcomes of the scavenger tests (Figure 3). The
effect of the radical scavenger was relatively limited, the performance being to a large
extent retained. This conclusion was valid especially for anatase A30, whose performance
was only slightly affected by the presence of scavengers, complete degradation being
achieved within 120 min. For rutile, the performance was slightly worse; however, even
here, a high degree of naproxen removal was attained.
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Figure 3. The comparison of the removal efficiencies of photocatalysis for naproxen (NPX), sulfamethoxazole (SMX) and

metformin (MET) dissolved in ultrapure water, in ultrapure water with added scavenger and in grey water. The irradiation

time equalled 5 h.
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2.2.2. Sulfamethoxazole

Interesting was the comparison of data obtained for sulfamethoxazole with those for
naproxen (Figure 1). The effect of photocatalysis in ultrapure water was comparable both
on anatase and rutile. For anatase, the complete removal was achieved within 60 min for
both pollutants.

Concerning the effect of photolysis and adsorption, both these processes play an
important role (Figure 2). Adsorption on anatase was, approximately, in comparison with
naproxen, while for rutile it was even higher. Additionally, the photolysis of sulfamethoxa-
zole was relatively high, achieving about 25% after 5 h, which was even more than that of
naproxen.

The scavenger tests showed a substantial worsening of the performance, both for
anatase and rutile (Figure 3). After 5 h, the concentration of sulfamethoxazole for anatase
and rutile decreased by only 50 and 40%, respectively. As the effect of radical scavenger was
much more pronounced in comparison with naproxen, a different degradation mechanism
was to be expected. The role of radicals freed from the photocatalyst surface is clearly
more important, which at least for anatase was in agreement with a lower adsorption in
comparison with naproxen.

2.2.3. Metformin

The degradation of metformin on anatase in ultrapure water was only slightly slower
than that for naproxen and sulfamethoxazole (Figure 1). The performance of rutile was
substantially weaker, the decrease in the metformin concentration after 5 h achieving only
about 65%. What was, however, especially marked, was the devastating effect of the radical
scavenger on the performance of both anatase and rutile. Therefore, a radical mechanism
was to be expected for both photocatalysts [22]. This conclusion was in agreement with
the adsorption experiments, which showed a practically negligible amount adsorbed.
Additionally, the degree of photolysis was very small, which further supports the very low
degradation efficiency in the presence of a radical scavenger. Additional kinetic curves are
presented in the Supplementary Information (Figures S1 and 52).

2.3. Photocatalytic Removal of Pharmaceuticals in MBR-Treated Greywater

The MBR-treated greywater had a low pollutant load, and, hence, was of a high quality
(Table 2). The degradation of naproxen and sulfamethoxazole in greywater followed a
similar trend as their degradation in ultrapure water with the scavenger (Figure 3). For
both water with the scavenger and greywater, complete removal was observed after 5 h
of irradiation. Apparently, the significant adsorption of naproxen on the photocatalyst
surface enables to preserve high performance, even in the presence of radical scavengers.

Table 2. Characteristics of MBR-treated greywater.

Parameter Range

Dissolved oxygen/mg L~! 6.7-8.5
Temperature/°C 22.6-26.0
Total nitrogen/mg L1 0.2-11.7
Total phosphorus/mg L ! 0.1-0.4
Electric conductivity /uS cm~! 412-500
pH 6.5-7.6
Dissolved organic carbon/mg L~! 34-54
Total suspended solids Not detected

: -1
Solids/mg L Total dissolved solids 310-358

As for sulfamethoxazole, a substantial decrease in the performance in comparison with
ultrapure water was observed. The achieved efficiency, however, was slightly higher in
comparison with the experiments with the ultrapure water containing scavenger. Therefore,
it can be concluded that also for this pharmaceutical, the effect of background species
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contained in greywater on its photocatalytic degradation was similar to the role of the
radical scavenger.

In the case of metformin, the results were contradictory. For rutile, the removal
efficiency in greywater was very low, which corresponded to the effect of the radical
scavenger (Figure 3). Surprisingly, in the case of anatase, high performance was observed
with approx.100% removal achieved in 5 h, a similarity shared with naproxen.

3. Discussion

This paper showed the potential of TiO, photocatalysis for the removal of pharma-
ceuticals with different chemical structures at practically relevant concentrations found in
greywater influent.

Degradation of Pharmaceuticals Using TiO,

Slow, and for metformin practically negligible photolysis (20%, 0% and 28% for
naproxen, metformin and sulfamethoxazole, respectively, after 5 h) clearly showed the
degradation was mainly due to the photocatalytic process. The somehow higher degra-
dation rate via photolysis of naproxen and sulfamethoxazole was believed to be due to
photooxidation as oxygen was being mixed into the system by intensive stirring, in our
case 400 rpm. Alternatively, the photolysis was carried out in the presence of inert SiO,
particles in suspension, whose particle size similar to those of anatase and rutile allotropes
in order to exactly reproduce the light-scattering conditions. However, no difference in the
comparison with experiments without particles was observed.

Further, the products of the photolytic and photocatalytic degradation may differ.
Published studies show that for, e.g., naproxen, the degree of the degradation due to
photocatalysis is much higher than due to photolysis (e.g., the application of only photolysis
often leads to the formation of products which are of comparable or even higher toxicity
than the untreated water). Therefore, the photocatalysis is a more suitable technology for
the purification of water.

In most cases, the adsorption of pharmaceuticals on TiO; is viewed as mostly neg-
ligible. However, our results showed that it can play an important role in the process of
photocatalytic degradation. Especially for naproxen and sulfamethoxazole on the anatase
surface, our adsorption experiments conducted separately in the dark demonstrated that
adsorption can effectively remove, from the solution, the pharmaceuticals used in this
study.

Naproxen was shown to be easily degraded using anatase. As the point of zero charge
of TiO; was around pH 5-6, its surface was mostly not charged at neutral pH conditions
used in our experiments and, also, valid for real greywater. The published studies suggest
the carboxylic functional group of naproxen could be responsible for the efficient adsorption
by strongly interacting with superficial OH groups leading to complexes. Owing to its large
adsorption on the photocatalyst surface, the naproxen molecules can be easily degraded by
the direct attack of holes.

This conclusion was supported by the scavenging tests, in which little effect on the
degradation of naproxen was observed. In these tests, methanol basically functioned as
a radical scavenger, even if some proportion of CH,OH radicals was formed before the
formation of formaldehyde as a final product. Moreover, the adsorption of drugs on the
surface could be different in the presence of methanol. Therefore, the OH radicals seemed
to not play an important role. Finally, the preliminary TOC measurements showed that
naproxen could be effectively mineralized in the range of 60-70%.

The lower adsorption of sulphamethoxazole and of metformin could be due to the
very different nature of the molecules with respect to the surface: highly hydrophobic
to the drugs, hydrophilic to the surface. Similar to naproxen, sulfamethoxazole was also
degraded at least to some extent in the adsorbed state.

Metformin was removed efficiently using anatase, although at a slower reaction rate
in comparison with naproxen and sulfamethoxazole. Metformin can gain or lose a proton
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easily. As it has two distant pK, values equalling about 3 and about 13 (discussed in [28]),
it can form a biprotonated form at a low pH, the monoprotonated form at a medium pH
between ca 3 and 13 and, finally, neutral species at the highest pH. At the range of a pH
typical for greywater, i.e., 6.5-7.6 (Table 2), metformin was mainly monoprotonated. Its high
solubility in water (1000 g/L) and its low Ko led to a practically negligible adsorption on
the photocatalyst surface. Due to these features, the degradation mechanism of metformin
by a direct attack of holes was less probable. Another issue was the formation of an
intermediate product guanylurea, which is also recalcitrant. This leads to active competition
for degradation between both species. Consequently, achieving a high degree of metformin
degradation is much more difficult in comparison with the other two pharmaceuticals
dealt with in this study.

In greywater, both allotropes of TiO, were suitable to remove naproxen (20 pg L),
reaching with anatase a 100% removal efficiency within less than 60 min. For sulfamethoxa-
zole, a similarity was found with the scavenger tests, showing that scavengers in the system
slowed down degradation rates, but not enough to stop the reaction. If the experiment was
left to run longer (10 h), the complete degradation of sulfamethoxazole was observed.

With metformin (300 ug L 1) in greywater, a surprisingly high efficiency was observed
using anatase as the photocatalyst, which was very beneficial from the point of view of the
application. This phenomenon could be explained as follows: Dissolved organic matter
present in greywater (Table 2) is known to have a higher adsorption affinity onto the
TiO, surface in comparison with alcohols used as radical scavenges [29]. However, as
the adsorption of metformin on the TiO, surface is very low, the effect of the preferential
adsorption of dissolved organic matter should be negligible, as there is no competition
between them. For methanol used as a radical scavenger, a dramatic effect was observed
as it efficiently destroyed the OH radicals, which were decisive in the degradation of
metformin. Consequently, the effect of these two components, i.e., methanol and dissolved
organic matter, was not comparable, which differentiated this pharmaceutical from the
other two included in this study.

The very low efficiency of rutile in greywater was in an agreement with the data
obtained using a radical scavenger. The practical inability of rutile to degrade metformin
in greywater could be due to a number of reasons. The increased ionic strengths expected
due to a slightly higher dissolved salt content compared to drinking water can be such
a reason why metformin molecules have limited migration power to the rutile surface
(this is the primary means of degradation using rutile TiO,) [30], or there was also a
competition between scavengers (methanol or dissolved organic matter) and metformin
with scavengers being more mobile, which would be degraded first. Finally, the UV light-
induced aggregation of TiO; particles, which was much stronger for rutile, might have
been the reason of the worse performance of rutile than anatase [31].

4. Materials and Methods
4.1. Pharmaceuticals

Metformin hydrochloride, naproxen and sulfamethoxazole (Figure 4) were purchased
from Sigma-Aldrich, Taufkirchen, Germany, titanium dioxide nanopowders from U.S.
Research Nanomaterials, Houston, TX, USA, methanol and sodium hydroxide from Penta,
Czech Republic. Ultrapure water was used for all experiments as a matrix, its purity being
tested before each experiment. All apparatuses were washed with distilled water and
methanol according to a standard procedure to remove impurities that could contaminate
the experiments.

For these experiments, 2 mg L~! of each pharmaceutical was dissolved in water. While
metformin hydrochloride and naproxen could be dissolved directly, sulfamethoxazole,
which is practically insoluble in water, was alkalified using 0.1 M sodium hydroxide to
increase the solution’s pH; thus, increasing solubility.
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Figure 4. Structural structure of Naproxen (a), sulfamethoxazole (b) and metformin (c).

4.2. TiO; Photocatalysts

TiO, nanopowders (>99.5% purity) included two pristine allotropic forms of TiO,,
namely, rutile and anatase, their nominal particle size according to the producer being
30 nm. Structural and textural properties of the nanoparticles were determined by com-
bining several techniques. Surface morphology was followed with scanning electron
microscopy (SEM, JEOL JSM 5500LV) combined with high-resolution transmission electron
microscopy (HR-TEM, JEOL JEM-2100Plus). Crystallinity (structure and phase composi-
tion) of the titania dioxide samples was evaluated by powder X-ray diffraction (pXRD) us-
ing PANalytical X'Pert PRO diffractometer equipped with Co anode in the Bragg—Brentano
geometry and multichannel X'Celerator detector. The surface area of powders was deter-
mined from nitrogen sorption isotherms at ca 77 K (boiling point of liquid nitrogen) using
a Micromeritics 3Flex apparatus. Prior to the measurements, the samples were degassed at
250 °C overnight.

4.3. Photocatalytic Experiments

Before the photocatalytic experiments, the photocatalyst samples were cleaned
overnight by UV light of a dominant wavelength of 365 nm with an irradiation intensity of
2.0 mW cm~?2 to decompose any residual organic matter on them. The pharmaceuticals in
aqueous solution (2 mg L. ~!) were photocatalytically degraded at 25 °C using photocatalyst
dispersion (400 mg L) in a 25 mL quartz cell (Figure 5). As the top of the liquid in the
cell was open to air and the solution was intensively stirred (400 rpm), the concentration
of dissolved oxygen was constant during the experiment. A Sylvania Lynx-S 11 W BLB
lamp irradiated the aqueous dispersion with UV light (365 nm) at a low-power density of
1.0 mW cm 2. Prior to the photocatalytic experiments, the dissolved pharmaceuticals were
equilibrated with the photocatalyst surface for 3 h. For each experiment, aliquots each of
100 puL were collected from the solution in the reaction cell every 20 min for the first one
hour and once every hour for the next 4 h. The samples were filtered immediately after
collection to stop the reaction process from continuing, stored in amber vials to limit light
interaction with the analytes, and frozen at —20 °C, to keep the samples from degrading.
The samples were defrosted just before they were subjected to HPLC-MS analysis. The
pseudo first-order reaction rate constants for the degradation of pharmaceuticals were
calculated using nonlinear regression fitting of the kinetic curves.
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Figure 5. Photocatalytic module for the degradation of pharmaceutical dissolved in greywater.

4.4. Adsorption, Photolysis and Scavenger Experiments

To determine the effect of adsorption on the surface of TiO, nanoparticles, experiments
analogous to the photocatalytic ones were conducted in the dark with the same stirring
speed and sampling performed at 0, 3 and 5 h.

The photostability of the pharmaceuticals was tested by subjecting their solutions to
UV light without the photocatalysts for 5 h, sampling being conducted at 0, 3 and 5 h.

A solution of 0.1 M methanol was used as a OH radical scavenger, the sampling during
the photocatalytic experiments being carried out once every hour as slow degradation rates
were expected. The samples obtained were treated analogously to those collected during
the photocatalytic degradation experiments.

4.5. Lab-Scale MBR Treatment of Greywater

Greywater from an apartment building with 99 flats and approx. 300 inhabitants
was collected periodically and treated in a 3 L MBR reactor fitted with two ultrafiltration
hollow tube membranes running in series. This lab-sized reactor was run for a year and
high-quality effluent was produced throughout the operation of the reactor (Table 2). The
hydraulic retention time of the reactor was approx. 24 h at the time of sample collection.
HPLC analyses were carried out on raw greywater samples collected and the highest
concentrations analysed for naproxen, metformin and sulfamethoxazole were 20, 300 and
50 ug L1, respectively.

4.6. Analytical Methods

The separation of analytes was carried out using HPLC (Agilent Infinity 1290 HPLC,
Agilent Technologies, Santa Clara, CA, USA) equipped with a Poroshell 120 EC-C18
(100 mm x 2.1 mm, 2.7 um particle size) column with a guard column (both by Agilent
Technologies, Santa Clara, CA, USA). The column temperature was set at 40 °C, and the
injection volume was 1 uL. The mobile phases consisted of 0.5 mM ammonium fluoride in
water (solvent A) and methanol (solvent B). The flow rate was 0.4 mL/min. The mobile
phase composition started at 20% B and was linearly increased to 100% B in 5 min. After
each run, the column was re-equilibrated for 1 min. The 6460 QqQ Triple Quad mass
spectrometer (Agilent Technologies, Santa Clara, CA, USA) equipped with Agilent Jet
Stream technology in positive electrospray (ESI+) ionization mode was used for the analyte
detection. The quantitative analysis was performed using dynamic Multiple Reaction Mon-
itoring (AMRM). The following MRM transitions were monitored: metformin—130—385, 71;
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naproxen—231—170, 153, 141; sulphamethoxazole—254—155.8, 107.9, 92. The capillary
voltage was set at 3500 V. The sheath gas flow and temperature were set at 11.0 L min !
and 250 °C, respectively. The drying gas flow and temperature were set at 5 L min~! and
300 °C, respectively. The nebulizer pressure was 45 psi. The quantification was performed
using external calibration. Agilent Mass Hunter software was used for data collection and
processing.

5. Conclusions

We demonstrated the high efficiency of anatase TiO, in degrading photocatalytically
naproxen, metformin and sulfamethoxazole in greywater. Even if their chemical composi-
tions and physico-chemical properties substantially differ, a high degree of their removal by
photocatalysis in greywater was achieved. Despite the vastly differing sorption properties
of individual pharmaceuticals on the photocatalyst surface, this property did not constitute
a critical parameter in the degradation process. This observation has a major importance in
a real application of the photocatalytic technology in greywater treatment, as the content of
the background components may be vastly varied.

As our results showed a high potential of the photocatalysis application, further work
will be focused on more recalcitrant pharmaceuticals, which may be contained in other real
greywater samples, and on immobilised forms of TiO,. Immobilized TiO; opens a new
way for the implementation of photocatalytic technology in continuous water treatment
set-ups.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/catal11091125/5s1, Figure S1: Kinetics of photocatalytic degradation of metformin (MTF),
naproxene (NPX) and sulfomethaxazole (SMX) carried out in the suspension of anatase and ru-
tile 30 nm nanoparticles; Figure S2: UV-A photolysis of metformin (MTF), naproxene (NPX) and
sulfomethaxazole (SMX).
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