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Abstract This study compares the tracking of bisphenol A (BPA) degradation by

three analytical techniques: liquid chromatography mass spectrometry (HPLC–MS),

ultraviolet/visible (UV–Vis) spectroscopy and dissolved oxygen (DO) content. In

each evaluation method, the photochemical behavior of TiO2 and N–TiO2 under

visible light confirmed the relationship between the adsorption and photodegrada-

tion processes, with the reaction analysis indicating the possibility of two photo-

catalytic mechanisms: conventional photocatalyzed radical oxidation and lattice

oxygen driven oxidation. The first one concerns HPLC, where the average half-lives

(t1/2) were 38 min (5% N–TiO2), 60 min (1% N–TiO2) and 64 min (TiO2), these

values vary in 12% if compared with the values obtained by UV–Vis spectroscopy.

The second mechanism showed a decrease in the initial concentration by more than

50% (8 mg L-1) after 3 h. The solution of doped photocatalysts is tracked best by

DO measurement. The results presented here confirm that the efficiency of photo-

catalytic oxidation (EPO) of a reaction is highly related to the DO content, given

that dissolved O2 proactively causes the release of radicals on the surface of excited

materials under the action of visible light, thus increasing the BPA degradation rate.

The quantum yield of BPA disappearance was below 0.1 for all the materials.
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Introduction

Water quality has deteriorated globally, and the preservation of clean water is one of

the most important topics worldwide [1]. Nowadays, various toxic organic and

inorganic compounds have been detected at critical levels in waste, ground and

surface water [1]. At the same time, epidemiological studies have reported the

increasing presence of endocrine disruptors in the environment and their potential

role in the incidence of metabolic diseases [2–4]. Both of these reasons justify the

complete removal of this type of substance from water using tertiary treatments,

which has led to the development of various biochemical, electrochemical,

sonochemical and membrane processes, as well as photochemical reactions [5].

Photocatalytic processes based on the use of TiO2 or its combination with other

materials having improved properties under solar irradiation can be considered a

sustainable and energy-efficient solution [6–11]. However, it is necessary to involve

other parameters in the process, such as DO concentration, water temperature and

the wide variety of compounds existing in the water, and accurate results are

required for the large-scale application of this technology. Tracking a reaction with

DO is a feasible and reliable alternative, as oxygen plays a key role in photocatalytic

reactions by inducing simultaneous oxidation and reduction processes [6, 8].

It is well known in heterogeneous photocatalysis that reactions should be

preferentially carried out with a steady, external supply of air, but currently, the cost

of aeration in treatment plants represents more than 60% of the operation expense

for the entire process, without considering the environmental impact from energy

consumption [12]. However, it is necessary to ensure that the O2 concentration does

not become the rate-limiting factor. The presence of oxygen has three major roles in

photocatalysis [8, 9]. The first is associated with semiconductor excitation (e.g. N–

TiO2) and the resulting oxygen reduction, which facilitates the separation of

electron–hole charges (e-, h?). In the second role, O2 accepts electrons generated

on the TiO2 surface and is reduced to O�
2 , H2O2, OH radicals and Ti–O. These

active elements on the material surface promote the photocatalytic oxidation of

organic compounds. Finally, during oxidation, O2 combines with organic radicals,

which are generated by a reaction between the holes and the reactant, producing

oxygen adduct intermediates, such as organoperoxy radicals [6, 8].

The aim of this paper is to show that the monitoring of DO is an alternative for

tracking BPA degradation in water treatment plants that use TiO2 and N–TiO2

(N = 1 and 5 wt%) photocatalysts under visible light. For this purpose, a kinetic

study was undertaken on photocatalyst performance during the photocatalytic BPA

reaction, with measurements taken using different spectrophotometric methods

(HPLC and UV–Vis) and a dissolved O2 probe.
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Experimental

TiO2 preparation

TiO2 was synthesized using a modified sol–gel method, in accordance with the

procedure reported elsewhere [10]. To obtain nanostructured TiO2 spheres, a

hydrolysis process was used, where 1 mL of tetrabutylorthotitanate (TNBT, Fluka,

97%) was mixed with 100 mL of ethylene glycol (EG, Fisher) in an inert

environment (N2) to avoid effects of humidity during hydrolysis. This solution was

magnetically stirred for 20 h at room temperature. Then, 98 mL of acetone was

mixed with 2 mL of distilled water and added to the first solution to precipitate the

TiO2 nanoparticles. The TiO2 nanoparticles were washed and re-dispersed in an

ultrasonic bath of ethanol/water (1:1 v/v) solution. This process was repeated twice,

followed by centrifugal separation to remove excess ethylene glycol from the

surface of the particles. Finally, the material was dried at 80 �C for 16 h and

annealed in air at 400 �C for 4 h.

TiO2 doped with nitrogen

The titanium oxide samples were doped with 1 and 5 wt% nitrogen using the

methodology previously reported [10]. This study used melamine as the nitrogen

precursor, diluting it with ethylene glycol in an inert environment under vigorous

stirring, after which TNBT was added, and the solution was magnetically stirred for

20 h at room temperature. To precipitate the TiO2 nanoparticles, 98 mL of acetone

was mixed with 2 mL of distilled water and added to the first solution. The steps for

the recovery, washing and annealing of doped TiO2 were similar to those previously

performed on TiO2.

Characterization

The structural properties of TiO2 and TiO2 doped with nitrogen were determined by

X-ray diffraction (XRD) using a Rigaku Miniflex diffractometer at a scanning rate

of 0.05�/s over a 2h range of 10–70�. X-ray photoelectron spectroscopy analysis

(XPS) was conducted with an Intercovamex XPS 1100 instrument to reveal the

presence of dopant in the TiO2 structure. The physical adsorption of N2 at -196 �C
was performed using a Quantachrome Autosob-1C analyzer to measure the specific

surface areas and adsorption–desorption isotherms [13]. Reflectance spectra of the

solids were obtained in air and at room temperature with a Perkin Elmer Lambda 35

UV–Vis spectrophotometer. The bandgap was calculated by measuring the diffuse

reflectance of TiO2 using the Kubelka–Munk reflectance transfer model [11]. The

total organic carbon was measured using a TOC-VCSN analyzer (Shimadzu).
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Photocatalytic degradation of emerging compound

The photocatalytic activity of the sample was determined by monitoring BPA

decomposition at room temperature under visible light. In a dark box, a stirred

solution was irradiated with a GaI3 250 W lamp, which emits visible light (quantum

flux at 2886 mmol m-2 s-1) [14, 15]. The quartz lamp was placed in a refrigerated

vessel containing the reactant solution (30 ppm BPA in 200 mL) and 100 mg of

photocatalyst. The average pH on the reaction solutions was 5.5 ± 0.2. To achieve

saturation of DO and ensure the complete adsorption of BPA onto the semicon-

ductor, a 1 mL s-1 flux of dry air was bubbled for 60 min before the light source

was turned on. The photocatalytic activity of BPA was calculated from the

adsorption band at 275 nm as a function of irradiation time using a Perkin Elmer

Lambda 35 UV–vis spectrophotometer. A complementary test for the photochem-

ical reaction of BPA decomposition was conducted by liquid chromatography mass

spectrometry (HPLC–MS) using an Agilent Model 6420 system with acetonitrile as

the carrier.

EPO

During the photocatalytic degradation of BPA, the quantum flux was measured with

an MQ-200apogee model, and the DO was measured for each material using an

Orion 087003 DO probe coupled to a Thermo Scientific Orion Star A325 cell. The

evolution of DO was related to the EPO using Eq. 1, as detailed below [16]:

E ¼ DC � V � 1000

I � s� t
ð1Þ

Here E is the efficiency of photocatalytic oxidation (mg W-1 h-1), C is the demand

for dissolved oxygen (C� = 8.20 mg L-1), V is the solution volume (0.2 L-1), I

corresponds to the irradiation (0.0684 Mw cm-2), s is defined as the irradiated

surface (65.9 cm2), and t is the exposition time (h).

Quantum yield

The disappearance quantum yield was calculated according with the methodology

of [17] with the assumption that the optical density in the medium is low, the

decrease in light intensity thereby negligible and the average wavelength is 410 nm

[17]. The quantum yield (U) is defined as the ratio between the number of reacted

molecules per unit time and unit volume (in this case see Eq. 4) and the total

number of photons absorbed per unit time and unit volume:

U ¼ Number of reacted molecules

Number of absorbed photons
ð2Þ

The parameters calculated for total amount of absorbed photons Ia, at overage

wavelength 410 nm and for time t (s) were then: I0, the intensity of the incoming

light (mol L-1 s-1), I the outgoing light intensity (mol L-1 s-1), ek the molar
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absorption coefficient, (L mol-1 cm-1), l is the cell path length (cm) and C the

concentration of BPA (mol L-1).

Ia;k ¼ tI0;k 1 � e�2:303eklC
� �

ð3Þ

Results and discussion

Physicochemical characterization

XRD

Fig. 1 shows the XRD analysis results of both TiO2 and TiO2 doped with nitrogen,

prepared by the modified sol–gel method and annealed at 400 �C for 4 h. The

diffractogram confirmed the presence of anatase crystals with an orthorhombic

structure, whose characteristic reflections were recorded at angles of 2h = 25.73,

37.54, 38.44, 39.10, 48.45, 54.78, 56.01, 63.13, 63.81, and 70.01�, according to card

COD-96-101- 0943. There is no evidence of major structural changes in the doped

materials given that the TiO2 reflections are the same; however, the level of

crystallinity was affected, as evidenced by an increase in the peak width of the 5%

N–TiO2 material a trend that has been reported by other authors [18–20]. A detailed

description of those diffractograms is given in Fig. S1 of the supplemental material.

XPS spectroscopy

Fig. S2 (supplementary material) shows the XPS results for TiO2 and TiO2 doped

with nitrogen (1% N–TiO2 and 5% N–TiO2), which was prepared by the modified
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Fig. 1 The experimental data and non-linear squares model (solid lines) for the BPA photodegradation
using different photocatalysts of TiO2 and TiO2 doped with nitrogen under action of visible light analyzed
by UV–Vis spectroscopy at room temperature. [CBPA0] = 30 mg L-1, V = 0.2 L-1, mcatalyst = 100 mg
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sol–gel method and annealed at 400 �C. Three regions in the XPS spectra were

examined: the N 1 s region at approximately 400 eV (Fig. S2-I), the Ti 2p region at

approximately 458 eV (Fig. S2-II), and the O 1 s region at approximately 532.5 eV

(Fig. S2-III). There are important differences in these three regions among the

synthetized materials. The binding energy peak for N 1 s is greater than the typical

binding energy for TiN (397.2 eV), and therefore, could be associated with

interstitial nitrogen in the form of NOx [21, 22], which causes defects between the

valence band and conduction band [23].

Other authors have reported that nitrogen impurities can induce the excitation of

electrons in the bandgap, thus forming a new adsorption band [24, 25]. The Ti 2p

signal for non-doped TiO2 was found at 1.2 eV below the assigned binding energy

for TiO2. This shift is probably attributed to trace carbon from the synthesis method.

Meanwhile, a clear shift toward lower binding energy was observed for the doped

materials, indicating the successful incorporation of nitrogen into the TiO2 lattice

[7, 22]. Finally, the three samples show O 1 s peaks at 529 eV, related to structural

oxygen, and 532 eV, corresponding to oxygen adsorbed on the surface [26].

UV–Vis spectroscopy

The bandgap of both TiO2 and TiO2 doped with nitrogen was measured using the

diffuse reflectance technique, after which an adjustment was performed by means of

the Kubelka–Munk equation, as reported in a previous paper [10].

According to the results shown in Table 1, a 3.2 eV bandgap was observed for

TiO2, which corresponds to reports in the literature [7, 10, 27]. The doped solid

samples of 1% N–TiO2 and 5% N–TiO2 presented a significant bandgap shift in

proximity to the visible region (*3.05 eV), showing similar behavior to the non-

doped sample.

Nitrogen physisorption

Table 1 summarizes the surface area results for the materials with an anatase

crystalline structure prepared using the modified sol–gel method. It is observed that

while TiO2 showed a specific surface area of 60 m2 g-1, it was slightly modified to

56 m2 g-1 when nitrogen was added to the structure, constituting a variation of less

than 10%. On the other hand, for the 5% N–TiO2 sample, the specific surface area

Table 1 Surface properties of TiO2 and N-TiO2 prepared by modified sol–gel method at ambient

temperature and annealed at 400 �C during 4 h

Analysis Sample

TiO2 1% N–TiO2 5% N–TiO2

Specific surface area m2 g-1 61 56 120

Pore volume (cm3 g-1) 78 82 108

Bandgap, eV 3.20 3.15 3.10
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was twice that of the other samples. The modification of the morphology and

porosity of the TiO2 nanoparticles [6, 18, 26] caused these variations.

The adsorption and desorption isotherms for the materials used in this study are

Type IV, as shown in Fig. S3. This type of isotherm is characteristic of mesoporous

solids, in which the adsorption is produced in multilayers and reflected in a central

zone of the ascending isotherm to the extent that more layers are adsorbed onto the

solid surface, clearly describing the surface changes (desorption) that exist in the

doped materials, as shown in the hysteresis of the material.

Photocatalytic activity of emerging compound

UV–Vis spectroscopy

This paper measured the performance of TiO2 and TiO2 doped with nitrogen using a

modified sol–gel method during the photocatalytic degradation of BPA under

visible light. Fig. S4 shows the evolution of the UV–Vis spectrum during the

photocatalytic degradation of BPA in a 30 ppm solution over 180 min. The

presence of a maximum peak in the adsorption band of BPA at 275 nm is clearly

visible, which has been reported by other authors as well [27, 28]. The figure clearly

shows that the spectral intensity decreases along with the contact time of the catalyst

in visible light, which is evidence of BPA degradation.

Fig. 1 shows the photocatalytic behavior an increase in the activity of 60% of

TiO2 after 180 min of exposure to visible light is observed with similar trend when

1% N–TiO2 (78%) is used. Nevertheless, the most active catalyst is 5% N–TiO2

(90%) reached after 120 min of reaction. On the other hand, Fig. 1 shows the

calculation of kinetic parameters calculated by exponential model showed in Eq. 4

[29–31].

g tð Þ ¼ Xe�kt þ E ð4Þ

In this equation, X is the concentration of [BPA] at different times (mg L-1), k is

the first order rate constant (min-1), whereas E is called the endpoint of the process

(mg L-1). According with non-linear model for the BPA photodegradation, the rate

constants reaction were calculated for the different catalyst obtaining the next

results k5% N-TiO2 = 0.0162 min-1, k1% N-TiO2 = 0.0130 min-1 and

kTiO2 = 0.0090 min-1. The calculated half-lives values are t1/2 = 43, 53 and

76 min for 5% N–TiO2, 1% N–TiO2 and TiO2. It is worth mentioning that although

the regression coefficients were around 0.9881, the three experimental data showed

that the standard deviations were not significant being located in the range

0.0011\rk\ 0.0023 (see Table 2) [31].

DO measurement

During the BPA degradation reaction described above, the DO consumption was

analyzed, as described in the experimental section. Fig. 2a shows the photolysis of

the BPA solution, which did not present any variation over the 3 h interval. With the
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addition of catalysts to the three materials, a greater consumption of DO was noted,

with the highest consumption for the 5% N–TiO2 sample of 4 mg L-1 in the first

hour. For 1% N–TiO2, the same level of oxygen consumption took 120 min, while

finally, the O2 consumption of the non-doped TiO2 photocatalyst was very slow,

recording a total consumption of less than 2.5 mg L-1 over the entire reaction time.

The photocatalytic stability was also measured during the BPA degradation reaction

using 5% N–TiO2, as shown in Fig. 2b. This figure shows that the catalytic activity

is the same after two cycles, it means the rate of O2 evolution in the second run with

intermittent evacuation was unchanged compared to the first run, and the reaction

continued to proceed steadily with consume of oxygen around 85%.

Equation 3 represents the conventional Langmuir–Hinshelwood mechanism.

1

rOD
¼ 1

rmaxOD

þ 1

rmaxODKOD O2½ � ð5Þ

Here rmax is the maximum DO consumption and KD is the equilibrium constant for

the adsorption reaction. When the adsorption sites are fully occupied by reactant

molecules, rmax is equivalent to rDO [8].

By plotting the inverse of the DO decay concentration against the inverse of the

time (see Fig. 2c). A linear relationship can be detected among the different

materials; nevertheless, rmaxOD and the apparent constant of the material tends to

approach zero as the nitrogen content decreases (K5% N–TiO2 = 0.1023 min-1[
K1% N–TiO2 = 0.0044 min-1[KTiO2 = 0.0038 min-1), as shown in Table 2. The

Table 2 Percentage of TOC removal and kinetic parameters of BPA photodegradation under visible

light using TiO2 and N–TiO2 prepared by modified sol–gel method

Analyses Units Samples

TiO2 1% N–TiO2 5% N–TiO2

UV–Vis

spectroscopy

K (min-1) 0.0090 ± 0.0023 0.0130 ± 0.0014 0.0162 ± 0.0011

t1/2 (min) 76 53 43

X (mg L-1) 17.6832 ± 2.2786 21.7088 ± 1.0128 26.0222 ± 0.7561

E (mg L-1) 6.9551 ± 2.4480 3.9062 ± 1.0813 0.1130 ± 0.7754

R2 0.9758 0.9927 0.9959

HPLC–MS

spectroscopy

k (min-1) 0.0108 ± 0.0039 0.0114 ± 0.0129 0.0181 ± 0.0015

t1/2 (min) 64 60 38

X (mg L-1) 16.0261 ± 2.7415 25.066 ± 15.7570 26.4540 ± 0.9970

E (mg L-1) 9.9802 ± 2.9557 1.9296 ± 10.9650 1.2893 ± 0.8800

R2 0.9937 0.9836 0.9379

Dissolved oxygen KOD (min-1) 0.0038 0.0044 0.1023

1/rmaxOD (mg

L-1)-1
0.0004 ± 0.0277 0.0017 ± 0.0019 0.0731 ± 0.0012

R2 0.9964 0.9998 0.9997

1/rOD (mg L-1)-1 0.0035 0.0610 0.1000

TOC removal (3 h) % \50 \50 [85
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regression coefficients were around 0.999 for the doped materials nevertheless the

three experimental data showed that the standard deviations were not significant

being located in the range 0.276\rk\ 0.001 (see Table 2). The adjustment of the

apparent constants using the Langmuir–Hinshelwood kinetics model is shown in

Fig. 2d. This image agrees with previous reports [8, 32]. The kinetic parameters for

the less active materials tend to approach zero (1/rOD\ 0.0610 (mg L-1)-1)

reflecting the worse adsorption equilibrium of photocatalysis, while the doped

material 5% N–TiO2 [1/rOD = 0.1 (mg L-1)-1] presented the best availability to

adsorb oxygen produced by oxygen vacancies generated by nitrogen doping [8].

DO measurements can also be used to define the EPO in contact with the solution

per watt of energy (see Eq. 1) as shown in Fig. 3. The 5% N–TiO2 photocatalyst

attained the best performance (150 W mg-1 L-1) in the first 60 min of reaction,

while 1% N–TiO2 and TiO2 were less sensitive to optical phenomena and reached

their maximum value in the second hour, recording 90 and 59 W mg-1 L-1,

respectively. These behaviors correspond to the BPA degradation reaction observed

using UV–Vis spectroscopy, the results of which are described above. These results

show that a 50% reduction in BPA concentration occurs after 60 min of reaction

using the 5% N–TiO2 photocatalyst.

Table 3 shows the quantum yields of BPA disappearance under visible light

using TiO2 and N–TiO2 prepared by modified sol–gel method. No major differences

between the disappearance quantum yield of TiO2 and 1% N–TiO2 at pH 5.5 were

observed, while the disappearance quantum yield of 5% N–TiO2 was two times

higher. That value are according with previous reports for BPA [15].

At this point, it is necessary to compare the relationship between the adsorption

and photodegradation processes, as the reaction analysis indicates the possibility of

two photocatalytic mechanisms: conventional photocatalyzed radical oxidation and

lattice oxygen driven oxidation [33, 34]. The former involves the formation of both
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h? and �OH species on the surface of the catalyst, which are associated with the

reduction of DO during the photocatalytic process [9], while in the solid phase, the

structural and optical properties play an important role in the bandgap [30]. In

addition, the amphoteric character of TiO2 can lead to a change in the concentration

of H? and OH- when nitrogen is added, thus modifying the surface charge [35]. A

negative charge on the surface indicates that cationic BPA ions have been efficiently

adsorbed on the surface [35, 36].

HPLC–MS

Fig. 4 shows the evolution over time of BPA conversion using doped and non-

doped titanium oxides. The results obtained with this technique show similar

behavior to the photocatalytic assays analyzed with UV–Vis spectroscopy. The 5%

N–TiO2 photocatalyst achieved conversions greater than 90% after 3 h of light

exposure. This was followed by the 1% N–TiO2 photocatalyst, which reached a

conversion level of 80% over the same time period, and finally, by TiO2, with a

conversion of 65%.

The kinetic non-linear model summarized in Table 2 corroborates that the

different photocatalysts present a behavior with rate constants of k5% N–TiO2 =

0.0181 min-1, k1% N–TiO2 = 0.0114 min-1 and kTiO2 = 0.0108 mg L-1 min-1.

The average half-lives obtained are t1/2 = 38 min, t1/2 = 60 min and t1/2 = 64 min

for 5% N–TiO2, 1% N–TiO2 and TiO2, respectively. The regression coefficients

were around 0.9724.

Table 2 confirms that the percentage of TOC removal for the 5% N–TiO2 sample

was[85% after 3 h. All samples reached complete mineralization after 24 h. These
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Fig. 4 The experimental data and non-linear squares model (solid lines) for the BPA photodegradation
using different photocatalysts of TiO2 and TiO2 doped with nitrogen under action of visible light using
HPLC–MS equipment. [CBPA0] = 30 mg L-1, V = 0.2 L-1, mcatalyst = 100 mg
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efficiencies were comparable with the results for materials reported by Subagio [35],

which had similar surface areas. While the identification of intermediates produced

by the oxidation reaction is beyond the scope of this study, some mechanisms have

been proposed for the photocatalytic degradation of BPA. According to the

literature, the reaction could be initiated by �OH attacking the electron-rich C3 in the

phenyl group [35, 37]. This reaction is followed by the cleavage of the phenyl group

into 4-isopropanolphenol, 4-isopropylphenol, 4-isopropenylphenol or 4-hydroxy-

acetonphenol, either sequentially or directly through the formation of transient

intermediates or radicals [•H and •C(CH3)2C6H4OH)]. In addition, immediate ring

cleavage caused by OH- attacking BPA to form 3-hydroxy-1,3,5-hexadiene has

been previously proposed for N–TiO2 [35, 37]. However, according to CAS, in all

cases, the byproducts are non-toxic [38].

Table 2 shows a summary of the kinetic constants and the half-lives of BPA

degradation during the photocatalytic assays analyzed by UV–Vis spectroscopy and

HPLC–MS. The rate constants show a negligible difference between the most active

samples identified by both analyses (less than 10%). However, at lower degradation

values, the difference is more sensitive for HPLC–MS analysis, which identified a

value 10% smaller than that obtained by UV–Vis spectroscopy. This difference is

probably due to the higher perturbation of the optical phenomena.

Finally, Fig. 5 shows the concentration profile of BPA, as identified by HPLC–

MS, UV–Vis spectroscopy and DO content over time, using the 5% N–TiO2

photocatalyst under visible light. This figure reveals similar behavior regardless of

the measurement method, which can be considered good evidence that degradation

reactions can be tracked by measuring the DO content.
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Conclusion

The physicochemical characterization of the materials, prepared with a modified

sol–gel method and annealed at 400 �C, shows the resulting TiO2 to be in the

anatase phase with a specific surface area of 60 m2 g-1 and a bandgap of 3.2 eV.

These properties are modified, enhancing their activation in the visible region, with

the addition of 1 and 5% of nitrogen.

Tracking BPA degradation by three different methods (UV–Vis spectroscopy,

HPLC–MS and dissolved oxygen content) showed non-significant standard

deviations in the range (0.0011\rk\ 0.0023 and 0.0015\rk\ 0.0039) for

UV–Vis spectroscopy and HPLC–MS. After the adjustment of the spectropho-

tometer results to a kinetic model, the photocatalysts showed the following average

half-lives: 38 min (5% N–TiO2),\60 min (1% N–TiO2) and\64 min (TiO2).

The Langmuir–Hinshelwood model showed the ability of BPA adsorption on the

surface (5% N–TiO2), which improve the rate of reaction for dissolved O2.

The results presented here confirm that the quantum efficiency of a reaction is

highly related to the dissolved oxygen content, given that dissolved O2 proactively

causes the release of radicals on the surface of excited materials under the action of

visible light, thus increasing the BPA degradation rate.

Measurement of the DO concentration was implemented as an alternative for

confirming BPA mineralization, leading to the observation that the presence of

oxygen is a key factor in the development of an advanced oxidation process, such as

heterogeneous photocatalysis. Although the use of semiconductor material causes

activity in the visible region of the electromagnetic spectrum, it is important to

measure and maintain the DO concentration to assure complete mineralization.
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