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A B S T R A C T   

The photocatalytic decomposition of methylisothiazolinone (MIT) in water was successfully attained with TiO2 
and TiO2/persulfate systems under simulated solar irradiation. The TiO2 catalysts were synthesized by sol-gel 
process, controlling the hydrolysis rate of titanium n-butoxide by two procedures: external addition of water 
and in situ production of water via esterification between ethanol and a carboxylic acid. Crystalline structure, 
morphology and textural properties of materials were characterized by XRD, SEM and N2 adsorption-desorption 
isotherms. The photocatalytic activity of the obtained catalysts for MIT degradation was proved to be signifi
cantly dependent on both the procedure of water provision for the alkoxide hydrolysis and the calcination 
temperature. Adding persulfate (PS) to the system resulted in a great enhancement of the MIT degradation rate, 
which was kept in different water matrices due to a synergistic effect between the titania catalysts and PS 
activation. MIT transformation products (TPs) were identified by HPLC-HRMS and a mechanism for MIT 
degradation was proposed. Total Organic Carbon and toxicity measurements established the complete MIT 
mineralization and non-toxicity of the water solution after the photocatalytic treatment.   

1. Introduction 

Isothiazolinones are a group of biocides commonly employed as 
preservatives in aqua-based industrial products as well as in cosmetics 
and skin care products due to their ability to control microbial growth 
[1]. Despite the effectiveness of their antibacterial and antifungal ap
plications, negative consequences in environment and human health 
have caught the attention of research in recent years. Even in very low 
concentrations, isothiazolinones have been reported to be high sensi
tizers and skin irritants, causing several cases of allergic contact 
dermatitis when they are present in personal care products [2]. 
Furthermore, the presence of these compounds in industrial and do
mestic wastewater has a potential ecotoxicity risk, affecting living spe
cies, such as fishes and other aquatic organisms [3]. The increasing use 
of these compounds has become a new source of water contamination 
which derives from both the application itself and the contaminated 
wastes of manufacturing industries. 

Preservative methylisothiazolinone (MIT) is one of the most 
employed isothiazolinone derivatives in the cosmetic industry, 

frequently disposed as a 3:1 mixture with chloro-methylisothiazolinone 
(CMIT) under the commercial name of Kathon CG. European legislation 
has established the maximum concentration of this mixture in cosmetics 
to 0.0015% (w/w) [4]. 

To date, there are few studies regarding the removal of MIT from 
water and the identification of its transformation products. For that 
purpose, in the present work heterogeneous photocatalysis has been 
investigated as it is considered an efficient, economic, and eco-friendly 
technology for removing harmful compounds from water [5]. In those 
processes TiO2 has been widely employed due to its great potential as a 
photocatalyst, low-cost, thermodynamic and chemical stability in water 
solution, and non-toxicity of products upon decomposition [6,7]. 

The fundamentals of heterogeneous photocatalysis with TiO2 are 
well known. The exposure of titania particles to light irradiation leads to 
the absorption of photons whose energy level overcomes the bandgap 
energy of the semiconductor, producing the excitation of electrons in the 
valence band (VB) and their subsequent migration to the conduction 
band (CB) (e−CB) leaving positive holes (h+

VB) in the VB. Consequently, 
most of charge carriers recombine with the release of energy but some of 
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them can reach the semiconductor surface where they can either 
recombine or react with different species. The photoexcited electrons 
can accomplish the reduction of adsorbed O2 whereas positive holes can 
oxidize water molecules producing HO• radicals, species able to oxidize 
organic contaminants to H2O and CO2 (HO•, E0 =2.8 V vs NHE, in 
standard conditions). Thus, the success of the process is tightly related to 
the efficient suppression of the e-/h+ recombination at the catalyst 
surface [8,9]. 

In that way, the addition of electron acceptors stronger than oxygen 
could benefit the photocatalysis performance, decreasing the e-/h+

recombination rate. Introducing persulfate (PS, S2O2−
8 ) into the TiO2 

system can be an alternative for enhancing the photocatalyst activity as 
PS can inhibit photo-generated charge carriers recombination through 
the capture of the photo-induced electrons of the TiO2 conduction band 
(e−CB) with generation of SO4

•- radicals (Eq. (1)), which have a high redox 
potential (E0 =2.6 V vs NHE, in standard conditions) [9,10]. Further
more, those radicals have a longer half-life in comparison to HO• (t1/2 
=30–40 μs vs t1/2 =20 ns, respectively) [11], which favors the contact 
and mass transfer between SO4

•- radicals and the pollutant. Thus, the 
formation of both hydroxyl and sulfate radicals would lead to a great 
oxidizing capacity of the system, promoting a highly efficient degrada
tion of organic contaminants in water under light irradiation. 

S2O 2−
8 + e−CB→SO 2−

4 + SO •−
4 (1) 

The generation of SO4
•- from PS can be accomplished through 

different activation methods that require the use of heat, ultrasound, 
UV-radiation, and transition metal ions. In those terms, the efficient 
combination of UV/TiO2/PS has been investigated for enhancing the 
photocatalytic activity of TiO2 [12], but there are no previous studies 
reporting isothiazolinones degradation through PS activation by TiO2. 

In this work, we report the photocatalytic activity of different home- 
made TiO2 samples and their ability for PS activation for MIT degra
dation, using different water matrices. TiO2 samples were prepared by a 
traditional and modified sol-gel methods and the influence of the syn
thesis parameters on their photocatalytic activity was assessed for the 
isothiazolinone removal. TPs formed throughout the reaction were 
identified via HPLC combined with an ESI LTQ Orbitrap and the MIT 
reaction pathway in water was proposed. 

2. Materials and methods 

2.1. Preparation of TiO2 catalysts 

2.1.1. External addition of water 
This procedure was based on a previous work [13]. Two solutions, A 

and B, were prepared. In solution A 0.058 mol of titanium (IV) butoxide 
(Sigma-Aldrich, 97%) were added to 0.685 mol of absolute ethanol 
(VWR chemicals, 99.98%) and stirred until obtaining a homogeneous 
yellow solution. In solution B, 1.108 mol of ultrapure water were mixed 
with 0.343 mol of absolute ethanol and kept at 273 K or 343 K. Then, 
solution A was added dropwise to solution B, promoting a rapid for
mation of a white gel which was filtered, cleaned with absolute ethanol, 
and dried overnight at 353 K in air atmosphere, obtaining a white 
powder which was calcined at 823 and 923 K for 6 h, with a temperature 
rate of 1.8 K min− 1. 

2.1.2. In-situ production of water via esterification reaction 
The method followed was based on a procedure described elsewhere 

[14]. Briefly, 0.109 mol of titanium (IV) butoxide were added to 
1.284 mol of absolute ethanol. The mixture was stirred until obtaining a 
homogeneous yellow solution which was heated in a water bath up to 
343 K (solution C). 

Titanium hydrolysis was induced through water produced in the 
esterification reaction between ethanol and a carboxylic acid with 1:1 
molar ratio. Acetic acid (Scharlau, HPLC-grade) and formic acid 

(Scharlau, 98%) were selected for that purpose. In more detail, 
1.050 mol of carboxylic acid and 0.054 mol of sulfuric acid (Sigma- 
Aldrich, 95–97%) were added dropwise to solution C. The resulting 
solution was stirred for 180 min, keeping constant the bath temperature 
at 343 K. The final white gel was filtered and dried overnight at 353 K in 
air atmosphere. Samples were calcined at different temperatures be
tween 823 and 1023 K for 6 h (calcination rate of 1.8 K min− 1, starting 
at room temperature). Table 1 summarizes the synthesis specifications 
of the TiO2 materials. 

2.2. Photocatalytic experiments 

The photocatalytic performance of TiO2 materials obtained was 
assessed through the degradation of 10 mg L− 1 MIT in Milli-Q® water, 
at natural pH (4.5). Commercial TiO2 P25 (Evonik) was used as catalyst 
reference. The reactions were carried out in a borosilicate glass cylin
drical reactor (1.4 L, 18.5 cm of internal diameter) filled with 1 L of MIT 
and catalyst suspension. The catalyst dosage was set as 0.5 g L− 1. The 
reactor was placed inside a solar simulator (Solarbox 1500 standard, CO. 
FO.ME.GRA, Italy) provided with a 1500 W Xenon Lamp and a cutoff 
filter for λ < 300 nm. The total irradiance between 300 and 800 nm was 
estimated to be 328.7 W m− 2. The suspension was magnetically stirred 
and bubbled with air during the reaction. For the quantitative analysis, 
samples were collected at different reaction times and filtered with a 
0.45 µm Nylon filter for their injection in the liquid-chromatography 
instrument. 

The effect of sulfate radicals on the photocatalytic reactions was 
investigated by adding sodium persulfate (EssentQ®, Scharlau) into the 
MIT reaction solution. The persulfate concentration was fixed at 2 mM 
based on previous reports [12,15]. 

To investigate the reusability of the catalyst, it was recovered after 
the reaction using a vacuum filtration system with a 0.2 µm filtering 
membrane. The catalyst was washed several times with ultrapure water 
and dried for 24 h in an oven at 363 K before reuse. The recovered 
material was then tested for two more cycles. 

To evaluate the effect of the water matrix in the MIT photocatalytic 
degradation similar reactions were carried out using water obtained 
from the local drinking water supply (tap-water, TW) and water from a 
secondary effluent (SW), collected at a sewage treatment plant located 
in Móstoles (Madrid, Spain). 

2.3. Analytical procedures 

2.3.1. Catalysts characterization 
The formation of crystalline phases of photocatalytic materials was 

determined by powder X-Ray Diffraction (XRD) (Philips X′PERT MPD) 
with Cu Kα radiation (λ = 1.5418 Å) at scan range of 2θ= 5–90 º, a step 
size of 0.01◦ and 1 s per step. Specific Surface Area (Brunauer-Emmett- 
Teller, SBET) was estimated from the N2 adsorption-desorption isotherms 
at 77 K, which were obtained using a Micromeritics® Tristar3000 in
strument. FEG-SEM (Nova Nano SEM230) was employed for evaluating 
the particles morphology. 

2.3.2. HPLC-DAD 
The removal of MIT as a function of the irradiation time was followed 

using an HPLC-DAD system (Agilent 1260 Infinity II), equipped with a 
Poroshell 120 EC-C18 column (4.6 ×100 mm, Ø=2.7 µm) and a Diode- 
Array Detection DAD. The mobile phase consisted in a 90:10 mixture of 
methanol and acetic acid (0.1%) in isocratic mode at a flow rate of 
0.8 mL min− 1. The injection volume was 20 µL and the DAD operated at 
274 nm. 

2.3.3. HPLC-HRMS 
Samples collected from the photocatalytic experiments with TiO2-A3 

material and MIT were analyzed by HPLC-HRMS to identify MIT TPs. 
The Ultimate 3000 HPLC system (Thermo Scientific, Italy) was equipped 
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with a Restek Pinnacle DB Biphenyl column 150 × 2.1 mm with a par
ticle size of 3 µm. Injection volume was 20 mL and flow rate 
0.2 mL min− 1. The mobile phase consisted in an initial 95:5 mixture of 
methanol and formic acid (0.1 %) in a linear gradient mode. LTQ 
Orbitrap mass spectrometer (Thermo Scientific, Germany) equipped 
with an ESI ion source was used as a detector. Samples were analyzed in 
negative ion mode. Nitrogen was employed as sheath and auxiliary gas 
for delivering the LC column effluent into the ion source. The capillary 
voltage of the ESI source was 37.00 V, and its temperature was kept at 
543 K. The source voltage was established at 3.5 kV and the collision 
energy was fixed at 30 (arbitrary units). 

2.3.4. Total organic carbon analyzer 
Shimadzu TOC-5000 analyzer (catalytic oxidation on Pt/Al2O3 

quartz reactor at 953 K) was employed for measuring TOC in samples of 
MIT solution at different irradiation times in photocatalytic 
experiments. 

2.3.5. Acute toxicity measurements 
Samples toxicity was evaluated through the measurement of biolu

minescence inhibition of Vibrio Fischeri using a Microtox® Model 500 
Toxicity Analyzer (Milan, Italy). Changes in the natural emission of the 
bacteria can be monitored in the presence of toxic compounds. For the 
measurements, freeze-dried bacteria, reconstitution solution (2% NaCl) 

and an adjustment solution (non-toxic 22% sodium chloride) were 
employed (Azur, Milan, Italy). Luminescence of samples was recorded 
after 5, 15 and 30 min of incubation at 288 K. 

3. Results and discussion 

3.1. Catalyst characterization 

Fig. 1 shows the X-ray diffraction (XRD) patterns of representative 
TiO2 samples. All materials showed the characteristic diffraction peaks 
of anatase phase, with the main peak located at ◦2θ= 25.35, indexed to 
(101) (JCPDS Card No. 21–1272). Only TiO2-A4 and TiO2-W3 showed 
the peaks ascribed to rutile phase as main diffractions (2θ=27.45◦, 
indexed to (110), JCPDS Card No. 21-1276). Comparing both proced
ures for n-butoxide hydrolysis, the hydrolysis temperature (273 and 
343 K) determined the main formation of anatase or rutile at a calci
nation temperature of 923 K in the case of the external addition of water 
(TiO2-W2 and TiO2-W3, respectively) whereas calcination temperatures 
above 923 K were necessary to promote the formation of rutile when 
water for hydrolysis was provided in situ (TiO2-A4). 

BET area values are displayed in Table 1. Evident differences be
tween TiO2-A3 and TiO2-F2 can be observed. SEM images are collected 
in Fig. S1 in Supplementary Information. All selected samples showed 
spherical morphologies. Using acetic acid in the esterification reaction 

Table 1 
Synthesis conditions of TiO2 catalysts, BET area of samples and their pseudo-first order kinetic rate constants (k) and regression coefficient (R2) values for MIT 
degradation reactions.  

Procedure Sample Tcalcination (K) BET (m2 g− 1) k (min− 1) R2 

via esterification reaction Acetic acid and ethanol TiO2-A1  823  31.8  0.0699  0.963 
TiO2-A2  873  37.4  0.1086  0.962 
TiO2-A3  923  45.2  0.1156  0.955 
TiO2-A4  1023  10.5  0.0355  0.972 

Formic acid and ethanol TiO2-F1  823  17.3  0.0077  0.989 
TiO2-F2  923  9.1  0.0081  0.993 

Direct addition of water TiO2-W1a  823  35.2  0.0228  0.991 
TiO2-W2a  923  38.9  0.0295  0.984 
TiO2-W3  923  3.7  0.0087  0.971  

a TiO2-W1 and TiO2-W2 were synthesized at a hydrolysis temperature of 273 K. 

Fig. 1. XRD patterns of (A) TiO2-A4, (B) TiO2-A3, (C) TiO2-A2, (D) TiO2-A1, (E) TiO2-F2, (F) TiO2-W2 and (G) TiO2-W3.  
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during the sol-gel synthesis resulted in the formation of small particles of 
anatase-TiO2 with the highest BET area. Furthermore, the comparison 
between TiO2-W2 and TiO2-W3 proved that the synthesis at 343 K 
induced in the latter the formation of big nano-particles agglomerations. 

3.2. Photocatalytic activity 

TiO2 materials were tested for MIT degradation in Milli-Q® water 
and compared with the commercial P25 catalyst. Prior to the photo
catalytic reactions, preliminary experiments were done to evaluate the 
extent of the organic compound adsorption on TiO2 by keeping the MIT 
solution in contact with the catalyst for 120 min in dark conditions. No 
appreciable MIT adsorption was observed for any of the samples. As it is 
shown in Fig. 2. (A), among TiO2-A samples, TiO2-A3 showed the 
highest photocatalytic activity achieving the complete removal of the 
pollutant in 30 min, even outperforming P25. The MIT concentration 
profile attained with TiO2-A4 indicated that the increase of the calci
nation temperature with the subsequent decrease of BET area and rutile 
formation, was detrimental for its efficiency as a catalyst. Even so, most 
of the selected materials exhibited a great ability for the total abatement 
of MIT in water, reaching the complete removal of the compound in less 
than 60 min of reaction. 

The kinetics of the photocatalytic degradation followed a pseudo- 
first order reaction. Thus, Fig. 2 (B) depicts a comparison of the calcu
lated kinetic constant values for MIT degradation employing some of the 
synthesized catalysts and the reference material (P25). The highest ac
tivity was observed with the material synthesized by using acetic acid in 
the esterification reaction. 

The production of water due to the esterification reaction between 
the carboxylic acid and ethanol (Eq. (2)) could be a way of controlling 
the hydrolysis of titanium butoxide (Eq. (3)). In these terms, the ester
ification kinetic constant (KE) plays a key role in the rate of water pro
vision for the hydrolysis reaction. Accordingly, the significant difference 
in the KE values for the reactions between the chosen organic acids and 
ethanol at 343 K (21.787 ×105 dm3 mol− 1 s− 1 for formic acid and 
2.671 ×105 dm3 mol− 1 s− 1 for acetic acid [16]) could explain the 
distinctive photocatalytic results obtained with TiO2-F2 and TiO2-A3 
related to their different BET areas (9.1 m2 g− 1 vs 45.2 m2 g− 1, respec
tively), which revealed the importance of the esterification rate in the 
final specific surface area of the resulting materials. A rapid production 
of H2O from the esterification likewise results in a fast hydrolysis of ti
tanium alkoxide. 

RCOOH + CH3CH2OH ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅→H2SO4 RCOOR′ + H2O (2)  

Ti(OBu)4 + 4H2O→Ti(OH)4 + 4(BuOH) (3) 

On the other hand, the direct addition of water into the titanium 
butoxide solution led to an even faster hydrolysis rate, which could be 
controlled by the temperature of the system since the lower the synthesis 
temperature, the slower the kinetics of the alkoxide hydrolysis reaction. 
Thus, the comparison of TiO2-W2 and TiO2-W3 photoactivity confirmed 
the influence of the synthesis temperature on the textural, crystalline 
and photocatalytic properties of the materials obtained. A slower hy
drolysis rate of the titanium alkoxide led to an enhancement in the 
catalyst performance due to a higher surface area and the formation of 
anatase as main crystalline phase. 

3.3. Identification of transformation products (TPs) 

TPs identified throughout the photocatalytic reaction of MIT with 
TiO2-A3 are collected in Table. S1. Accordingly, a possible degradation 
pathway of the molecule was proposed. As Fig. 3 shows, in the first stage 
of the reaction, the HO• attack to the organic molecule leads to the 
formation of the intermediate C4H5NO2S which evolves via tautomeri
zation to the cyclic diketone. The opening of the heterocycle, which 
involves the loss of sulfur atom, leads to the formation of N-methyl
malonamic acid (C4H7O3N). After that, other linear chain products with 
amine and dicarboxylic groups, as malonamic acid (C3H5O3N) and 
malonic acid (C3H4O4) are formed, leading to the consequent trans
formation to acetic acid and formic acid, which finally decompose into 
H2O, CO2 and HCO−

3 . 

3.4. Acute toxicity and mineralization 

The initial MIT water solution induced 100 % of bacteria lumines
cence inhibition (Fig. 4), hence evidencing the high toxicity of MIT even 
at low concentration. During the reaction, both luminescence inhibition 
and TOC curve decreased although the profile of toxicity indicates the 
formation of intermediates more toxic than their precursors after 
45 min. Nevertheless, the final low percentage of effect on bacteria (~2 
%), indicates the non-toxicity of the water solution after the treatment, 
also supported by the TOC analysis, reaching the total mineralization of 
MIT after 2 h of irradiation. 

3.5. Activation of persulfate 

The effect of PS addition to the TiO2 photocatalytic system was also 
evaluated. Adding 2 mM PS to the suspension of MIT and the titania 
catalyst greatly increased the degradation rate of the pollutant as it can 
be observed in Fig. 5. For TiO2-A3, MIT removal was completed in 
15 min of irradiation exposure, in comparison to 75 % of degradation 
achieved without PS addition. The same concentration of PS was also 
tested in the absence of catalyst, achieving the removal of 33 % of the 

Fig. 2. (A) Influence of calcination temperature on the photocatalytic activity of TiO2-A materials for MIT degradation in Milli-Q® water, and (B) comparison of the 
kinetic constants of the photocatalytic reaction with selected samples. 
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initial concentration of MIT. 
To evaluate if the enhancement of activity was related to a syner

gistic effect between the catalyst and PS, a synergy factor was calculated 
for each experiment following Eq. (4): 

SynergyA+B =
kA+B

kA + kB
(4) 

A synergistic effect is achieved when the calculated factor value is 
greater than 1, whereas an antagonistic effect occurs with values lower 
than 1, which would mean a negative effect of the sum of processes [17].  
Table 2 summarizes the kinetic constants and the synergy factor values 
obtained. TiO2-W3 sample was the only one showing an antagonistic 

Fig. 3. Degradation pathway of MIT with TiO2-A3 catalyst in Milli-Q® water.  

Fig. 4. Acute toxicity and TOC profiles over time for the reaction of MIT 
degradation with TiO2- A3. 

Fig. 5. Effect of 2 mM PS addition on catalysts performance for MIT degra
dation after 15 min of irradiation. 

Table 2 
Values of the kinetic rate constants (k) and synergy factors for MIT photo
catalytic degradation.  

Sample Water Matrix k (min− 1) k (min− 1) (PS addition) Synergy 

TiO2-A3 Milli-Q®  0.1156  0.2027  1.3770 
TW  0.0276  0.1171  2.1175 
SW  0.0127  0.0321  1.9222 

P25 Milli-Q®  0.1089  0.1916  1.3637 
TW  0.0252  0.1059  1.9721 
SW  0.0123  0.0236  1.4479 

TiO2-F2 Milli-Q®  0.0081  0.0531  1.3375 
TiO2-W3 Milli-Q®  0.0046  0.0175  0.4834  
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effect when adding PS. The low photocatalytic activity showed for MIT 
abatement with this sample upon PS addition, seemed to be related with 
the rutile crystallinity of the sample, which would not be able to effec
tively promote the activation of persulfate under solar radiation. In 
addition, the decrease of the reaction rate observed in the system 
(TiO2-W3 + PS) compared to (PS-hν) may be attributed to the light 
shielding effect of TiO2-W3 particles which diminishes the direct 
UV-activation of PS. 

3.6. Application in real water matrix 

To evaluate the influence of the water matrix on the performance of 
TiO2-A3 for MIT degradation, reactions without and with PS were car
ried out using tap-water, TW, (COD=2.5 mg L− 1, TOC=9.4 mg L− 1) and 
water collected from the secondary effluent at a sewage treatment plant, 
SW (COD=17.6 mg L− 1, TOC= 46.2 mg L− 1). Table 2 displays the 
pseudo-first order kinetic constants calculated for MIT degradation in 
these experiments and the comparison with the reference TiO2 P25 
(degradation curves are shown in Fig. S2). The decrease of the reaction 
rate in TW and SW matrices can be attributed to the presence of natu
rally occurring scavengers such as dissolved organic matter, Cl-, HCO3

- , 
and SO4

2-, which can act as radical scavengers of the photogenerated 
radicals [18]. The reduction of TOC with the irradiation time was also 
slowed down in TW and SW matrices compared to Milli-Q® water. A 
decrease of TOC below the detection limit was attained after 4.5 h in the 
TW matrix, whereas a diminution of 81 % initial TOC was measured 
after 8 h in the SW matrix. Nevertheless, the results corroborate the 
good performance of the TiO2-A3 sample in real water matrices which 
can be boosted by the introduction of persulfate into the photocatalytic 
system. As shown in Table 2, adding 2 mM persulfate enhanced the MIT 
degradation rate in all cases being the synergistic effect more pro
nounced for TW and SW matrices compared to Milli-Q® water. 

3.7. Catalyst reuse 

The use of TiO2-A3 catalyst in increasing number of catalytic cycles 
showed no loss of activity after the 2nd and a slight decrease in the 
reaction rate after the 3rd cycle (k1st cycle= 0.1156 min− 1; k2nd cycle =

0.1127 min− 1; k3rd cycle= 0.0850 min− 1) (Fig. S3). In each cycle, the 
separation process meant the loss of approximately 4% of initial content 
of catalyst, which could be also related to the small decrease of activity 
in the third reuse. However, TiO2-A3 successfully achieved a complete 
degradation of the pollutant in less than 60 min of irradiation exposure 
after its recovery. These results confirmed the capability of TiO2-A3 for 
being reused at least three times without losing its efficiency drastically, 
which would allow to reduce costs in the catalyst production for water 
treatment. 

4. Conclusions 

In the present study, the abatement of MIT in water under simulated 
solar radiation was investigated with different TiO2 catalysts synthe
sized by the sol-gel method, using different strategies for attaining the 
hydrolysis of the titanium precursor. Controlling the hydrolysis rate of 
titanium alkoxide through an esterification reaction with acetic acid and 
ethanol resulted in a catalyst with the highest BET area and the greatest 
photocatalytic activity for MIT abatement, even in real water matrices. 
The addition of PS enhanced the reaction rate in all cases proving the 
high efficiency of sulfate radicals in the degradation of the organic 
compound. Recovery and reuse of the catalyst were successfully tested. 
MIT TPs were identified, and TOC and acute toxicity measurements 
revealed the non-toxicity of water solution after the photocatalytic re
action therefore, proving the successful performance of TiO2 and TiO2/ 
PS for attaining the treatment of water polluted with MIT. 
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photocatalysis: fundamentals, reactors and applications. RSC Energy and 
Environment Series, The Royal Society of Chemistry, Cambridge, 2016, 
pp. 92–129. 

[6] D. Chen, Y. Cheng, N. Zhou, P. Chen, Y. Wang, K. Li, S. Huo, P. Cheng, P. Peng, 
R. Zhang, L. Wang, H. Liu, Y. Liu, R. Ruan, Photocatalytic degradation of organic 
pollutants using TiO2-based photocatalysts: a review, J. Clean. Prod. 268 (2020), 
121725, https://doi.org/10.1016/j.jclepro.2020.121725. 
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