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Nanostructured titanium materials with high UV-visible activity were synthesized in the collaborative project Clean Water FP7. In this
study, the efficiency of some of these cata-lysts to degrade endocrine disruptor compounds, using bisphenol A as the model com-pound,
was evaluated. Titanium dioxide P25 (AEROXIDE® TiO,, Evonik Degussa) was used as the reference. The photocatalytic degradation was
carried out under the UV part of a simulated solar light (280—400 nm) and under the full spectrum of a simulated solar light (200 nm-30
um). Catalytic efficiency was assessed using several indicators such as the conversion yield, the mineralization yield, by-product
formation and the endocrine disruption effect of by-products. The new synthesized catalysts exhibited a significant degradation of
bisphenol A, with the so-called ECT-1023t being the most efficient. The intermediates formed during photocatalytic degradation
experiments with ECT-1023t as catalyst were monitored and identified. The estrogenic effect of the intermediates was also evaluated in
vivo using a ChgH-GFP transgenic medaka line. The results obtained show that the formation of intermediates is related to the nature of
the catalyst and depends on the experimental conditions. Moreover, under simulated UV, in contrast with the results ob-tained using
P25, the by-products formed with ECT-1023t as catalyst do not present an estrogenic effect.

1. Introduction Birkett and Lester, 2003). Bisphenol A is a chemical compound

widely used as a raw material to manufacture chemical
During recent decades, bisphenol A (BPA) has gained attention products such as polycarbonate plastics and epoxy resins. It is
and become a public concern since it was recognized as released into the environment during manufacturing pro-
causing an endocrine disruption effect (Staples et al., 1998; cesses and by leaching from final products (Staples et al,,
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2000). Numerous studies have reported the occurrence of BPA
in the environmental matrices (Fromme et al., 2002; Céspedes
etal., 2005) and in waste water treatment effluent because it is
not completely removed during conventional treatments
(Oulton et al., 2010; Rodil et al., 2012). Hence, to reduce its
ubiquity in environmental matrices, it is necessary to develop
sustainable treatment technologies to tackle this issue.

Advanced oxidation processes (AOPs) have proved to be a
good alternative for the removal of recalcitrant compounds
and the most popular AOPs studied are heterogeneous photo-
catalysis with semiconductors, ozonation and the photo-
Fenton process (Klavarioti et al., 2009). Heterogeneous photo-
catalysis and the photo-Fenton process are of special interest
since sunlight can be used as the irradiation source (Malato
et al., 2009) while among the catalysts used in heterogeneous
photocatalysis, TiO, has been gaining attention for its strong
photoinduced oxidation power (Kaneko and Okura, 2002).

However, one disadvantage of TiO, is that it can only
absorb UV light and this makes up only 3—5% of solar light.
Hence, many studies have been done to extend its photo-
activity from UV into the visible light range in order to enable
practical applications using solar energy (Byrne et al., 2011).
The strategies most employed are doping TiO,-based mate-
rials with transition metals and with non-metallic elements
(Rehman et al., 2009).

Alternatively, when TiO,-based materials are not doped,
the key to using solar light efficiently is to have a catalyst with
a higher photocatalytic activity. Some studies have shown
that catalysts of high efficiency can be synthesized and ob-
tained when some parameters such as crystal phases, particle
size, surface area, particle morphology, distribution of hy-
droxyl groups, and charge separation are taken into account
and optimized (Ambrus et al., 2008; Fujishima et al., 2008).
Increasing the surface area and charge separation can be
achieved by anchoring TiO, particles onto substrates with a
large surface area, such as mesoporous structures, zeolites or
carbon-based materials where the graphene based compos-
ites look very promising. The combination of TiO, and gra-
phene oxide could enhance the photodegradation of organic
contaminants due to an improvement in electron transport,
which prevents the recombination of charge, and to the
adsorption capacity of organic contaminants on graphene
oxide-TiO, (Nguyen-Phan et al., 2011).

In this context, innovative nanostructured UV-visible
photocatalysts were synthesized within the collaborative
project Clean Water FP7. These catalysts were tested for the
degradation of several micropollutants. Previous results are
presented elsewhere (Arana et al., 2010; Kontos et al., 2008;
Pastrana-Martinez et al., 2012a; 2012b). The objective of the
present work is to evaluate the photocatalytic activity of the
catalysts, synthesized during the Clean Water project, toward
the degradation of an endocrine disruptor compound,
bisphenol A, under both the UV part and the full spectrum of a
simulated solar light. In this study, the photocatalytic activity
of the catalysts is described not only with parameters like
kinetic constant, conversion and mineralization percentages
but also in terms of reactionnel intermediates and potential
endocrine disruption effect of the treated solution.

In literature, the estrogenic effect of BPA intermediates is
often measured using the Yeast Estrogen Screen (Chiang

et al., 2004; Neamtu and Frimmel, 2006; Frontistis et al.,
2011). This test, done in vitro, is able to detect estrogen ago-
nists. However, the endocrine disruptor compounds do not
only act as agonists of estrogen, they may also inhibit enzy-
matic catalysis reactions. In this case, only in vivo analysis
could provide a full spectrum of the disruption caused by
these compounds in organisms. Thus, to identify a broad
range of endocrine disruptor compounds, it is better to carry
out estrogenic tests in vivo which enable the detection of es-
trogen agonists and antagonists, aromatizable androgens,
activators and inhibitors of enzymatic catalysis reactions. In
our study, to assess the estrogenic effect of intermediates
formed during the photocatalytic degradation of BPA, a ChgH-
GFP transgenic medaka line, was used. To our knowledge, this
is the first study using this kind of test to detect the estrogenic
effect of intermediates formed during an advanced oxidation
process.

2. Materials and methods
2.1. Materials

Bisphenol A (BPA), hydroxyacetophenone and isopropyl
phenol were purchased from Sigma Aldrich. Titanium dioxide
(AEROXIDE® TiO, P25, Sgpr = 50 m?/g) was obtained from
Evonik Degussa GmbH (Frankfurt, Germany). Analytic re-
agents were obtained from Merck. Tree catalysts in powder
form have been received from project partners: Non-doped
TiO, (ECT-1023t, Sger = 18.3 m?%g), nitrogen-doped TiO,
(N—TiOy, Sger = 141 rnz/g) and graphene oxide TiO, (GO-TiO,,
Seer = 110 m?%/g). ECT-1023t was synthesized by means of a sol-
gel method in which aggregates have been selected before
thermal treatment (Arana et al., 2010); N—TiO, was synthe-
sized as the hydrolysis condensation product of tetrabutyl
titanate reaction with urea (Kontos et al., 2008) and GO-TiO,
(graphene oxide content of 4.0 wt. %) was prepared by liquid
phase deposition followed by post-thermal reduction at 200 °C
(Pastrana-Martinez et al., 2012a).

2.2. Photocatalytic experiment

Photocatalytic experiments were carried out in a cylindrical
reactor irradiated on the top with a solar simulator (Newport,
USA), equipped with a Xenon arc lamp of 450 W (Fig. 1). A
quartz cover was placed on top of the glass reactor to minimize
water loss due to evaporation. At the beam output, an AM 1.5
filter was placed to obtain a solar-like spectrum and, by using
dichroic mirrors, a proper working wavelength range was
selected. To conduct experiments, two wavelength ranges
were chosen: 280—400 nm (UV) and 200 nm-30 um (UV-visible).
The intensity of light in different conditions (UV or UV-visible)
was measured using a RAMSES-ARC-Hyperspectral UV-VIS
Radiance Sensor-320—950 nm and a radiometer VLX-3W.The
volume of the reactor was 1 L. Catalyst load (P25, ECT-1023t,
N-TiO, and GO-TiO,;) and initial BPA concentration was
40 mg/L and 2 mg/L, respectively. During irradiation, the so-
lution was shaken and continuously bubbled with air (~20% of
0,) in order to maintain the solution in excess of O,. Aliquots
were taken every ten minutes to determine the BPA residual
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Fig. 1 — Photocatalytic reactor.

concentration, the dissolved organic carbon concentration
and the endocrine disruption effect.

2.3.  Analytical methods

The analysis of BPA and the degradation by-products was
performed by HPLC (Model 600E, Waters) using a Nova Pack
C18 reverse phase column (150 mm x 3.9 mm, I.D. 4 um,
Waters). A mobile phase isocratic elution program was
applied with two solvents; Milli Q water and acetonitrile
(Vwater/ Vacetonitrile = 55/45) at a flow rate of 1 mL/min. The
detection was performed with a UV detector (Model 486, Wa-
ters) at 226 nm. Dissolved Organic Carbon (DOC) was moni-
tored with a Shimadzu 5000 TOC analyzer. The detection and
quantification limits were 70 pg/L and 200 pg/L for the HPLC/
UV and 16 pg/L and 32 pg/L for the TOC analyzer, respectively.

2.4. Evaluation of the endocrine disruption effect

The estrogenic test was performed by the WatchFrog Com-
pany using a ChgH-GFP transgenic medaka fry line.

Transgenic medaka contain a green fluorescence protein
(GFP) gene regulated by the regulatory sequence of the cho-
riogenin H (ChgH) gene. In this genetically modified organism,
estrogenic activity is indicated by fluorescence when exposed
to estrogenic compounds.

In a typical experiment, the estrogenic test is conducted in
parallel in five vials and repeated four times. The exposure
time in each vial is 48 h at 26 °C. After 24 h, the medium is
renewed and finally, after 48 h, the fluorescence of alevin is
observed with a fluorescence microscope and quantified with
Image ] Software.

The test in each vial has a specific objective. The first
three vials are used as control test. In the fourth vial, fry are
exposed to 8 mL of sample taken during irradiation; here
estrogenic activator and inhibitor could be detected. In the
fifth vial, fry are exposed to 8 mL of treated sample mixed
with testosterone (30 pg/L). The addition of testosterone
enables the detection of the disturbance in the production
of estradiol by aromataze enzyme to be detected. The aro-
mataze enzyme ensures the equilibrium between estrogen
and testosterone. So, in the fifth medium, activators
and inhibitors of enzymatic catalysis reaction could be
detected. More details on the test sample runs are given in
Table 1.

The results obtained on fry fluorescence were analyzed
according to the Organization for Economic Co-operation
and Development (OECD) guidelines for the statistical anal-
ysis of ecotoxicity experiments (Document on the Statistical
Analysis of Ecotoxicity Data, OCDE, 2003) and were then
classified into three levels of risk: 0, 1 and 2. In level 0, the
fluorescence of fry exposed to sample is not significantly
different from fry fluorescence in pure water; compounds in
this sample are considered to be inert. In level 1, either the
fluorescence of fry exposed to treated sample differs signif-
icantly from that obtained in the negative control 1 so the
compounds are suspected of having estrogenic effects, or the
fluorescence of fry exposed to sample with testosterone
differs significantly from that obtained in the positive control
2 so the compounds are suspected of having effects on aro-
mataze enzyme activity. In level 2, the fluorescence of fry
exposed to treated sample differs significantly from that
obtained in the negative control 1 and the fluorescence of fry
exposed to sample with testosterone differs significantly
from that obtained in the positive control 2; this sample
contains compounds which present an estrogenic disruptor
effect.

Table 1 — Description of the samples in the estrogenic effect evaluation test.

Name of sample Contents

Objectives

Negative control
Positive control 1

Fry, 8 mL of pure water
Fry, 300 ng/L of EE2 in water

Positive control 2
Raw sample
Sample doped with testosterone

Fry, 30 pg/L of testosterone in water
Fry, sample taken during the treatment
Fry, sample taken during the
treatment, testosterone 30 pg/L

Gives the level of alevin fluorescence

Gives the level of alevin fluorescence in contact
with hormone with an estrogenic effect

Gives the level of aromataze enzyme activity
Indicates the estrogenic effect of the treated sample
Indicates the effect of treated sample on

aromataze enzyme activity

EE2: Ethinylestradiol.




3. Results and discussion

3.1. Photocatalytic degradation

The photocatalytic degradation of BPA under the UV of the
simulated solar light (280—400 nm) and under the full spec-
trum (UV-visible) of the simulated solar light (200 nm-30 pum)
was carried out. The commercial catalyst P25 (AEROXIDE®
TiO, Evonik Degussa) was used as a reference to compare the
activity of the partner catalysts. The results obtained after
100 min of photocatalytic test are presented in Fig. 2.

It can be observed that the photocatalytic degradation of
BPA depends on the nature of the catalyst and the kind of the
light irradiation (UV or UV-visible). After 100 min of photo-
catalysis under UV irradiation, P25 and ECT-1023t degraded
BPA by 99% and 76%, respectively. GO-TiO, and N—TiO, were
the less efficient catalysts; after 100 min only 40% and 28% of
BPA was degraded, respectively. Under simulated UV-visible
solar light and for the same irradiation time, 68, 54, 20 and
12% of BPA is degraded using P25, ECT-1023t, N—TiO, and GO-
TiO, respectively.

Measurement of the light intensity showed a decrease in
the UV part of the simulated UV-visible solar irradiation. At
365 nm, the intensity was 2.35 mW/cm? under simulated UV
light and 1.85 mW/cm? under simulated UV-visible light. This
decrease in intensity may be the principal cause of the
decrease in catalytic efficiency between irradiation under
simulated UV solar light and simulated UV-visible solar light.

The activity of the synthesized photocatalysts was
compared to P25. The main observations and the main results
for each catalyst are listed below.

For ECT-1023t catalyst, the BPA conversion % and the
apparent kinetic constant were higher than those of
other partner catalysts but lower than those of P25. ECT-
1023t catalyst has already been used to degrade phenolic
compounds (phenol, catechol resorcinol, hydroquinone,
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Table 2 — Percentage of mineralization of BPA after
100 min of photocatalytic treatment.

UV (280—400 nm) UV-visible (200 nm—30 um)

N-TiO, [DOC]<LD [DOC]<LD
ECT-1023t 10 4

P25 36 24
GO-TiO, 4 [DOC]<LD

o-aminephenol, m-aminephenol, p-aminephenol, o-cresol,
m-cresol and p-cresol) and one pharmaceutical product
(diphenhydramine). Its efficiency for phenolic compound
degradation was higher than that of P25; the degradation
rates were 2.7 times higher than those of Degussa P-25
(Arana et al.,, 2010). The efficiency for diphenhydramine
degradation depended on the catalyst loading; for an initial
concentration of 100 mg/L of diphenydramine, ECT-1023t
was more efficient than P25 for catalyst loadings higher
than 1 g/L (Pastrana-Martinez et al., 2012b). However, in this
study, ECT-1023t efficiency for BPA degradation, for an
initial BPA concentration of 2 mg/L and a catalyst concen-
tration of 40 mg/L, was lower than for P25.

The photocatalytic activity of GO-TiO, has been also
already evaluated for the degradation of organic compounds
diphenhydramine (DP) and methyl orange (MO) and compared
to that of P25 (Pastrana-Martinez et al., 2012a). In the experi-
mental condition used (DP/catalyst = 3.9 x 10" mol/mg, [MO]/
[catalyst] = 6.1 x 10~ mol/mg), GO-TiO, exhibited an higher
photocatalytic activity than P25 for the degradation of these
compounds. But in the present study GO-TiO, is less efficient
than P25 for the degradation of bisphenol A. Taking into ac-
count the results obtained in aforementioned studies and in
the present study, it could be said that the catalytic efficiency
for the degradation of organic compounds depends on the
substrate to be degraded and on the experimental conditions,
for instance the catalyst loading.
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Fig. 2 — Percentage of conversion of BPA and apparent kinetic constants during photocatalytic treatment under (a) UV of
simulated solar light (280—400 nm) and (b) under the full spectrum of simulated solar light (200 nm—30 pm).



Table 3 — Intermediates found during the photocatalytic
degradation test.

uv UV-visible
P25 ECT-1023t P25 ECT-1023t

Product 1Rt =1.7 min x X X X
Product 2 Rt = 1.9 min x None X X
Product 3Rt =23 min x X X X
Product 4 Rt = 2.7 min  x X X X
Product 5 Rt = 3.2 min None None X None
Product 6 Rt = 4.6 min None None None X

Rt: retention time, x: detected, none: not detected.

For N—-TiO,, it can be noted that, in comparison with
other catalysts, its efficiency is not so affected by the
decrease in the intensity in the UV part of the UV-visible
simulated solar light. Under UV irradiation, 28% of BPA
was degraded while under the simulated solar light, 20% of
BPA was degraded. So, the catalyst N—TiO, is promising
under visible light. This is in accordance with the results
obtained by Kontos et al. (2008). During the synthesis of
N—-TiO,, N was introduced at interstitial lattice sites. This
induced a shift of the energy band gap to the visible range
resulting in a significant visible light photocatalytic activity
for N—TiO, (Kontos et al., 2008).

Since the disappearance of a compound does not mean
that it was also mineralized, the DOC during the photo-
catalytic treatments was monitored. In Table 2, values of the
percentage of mineralization after 100 min are presented.
Under UV irradiation, although BPA was 99% removed, only
36% of the initial DOC was removed with P25. A partial
mineralization (10%) was also obtained with ECT-1023t. With
the other catalysts (N-TiO, and GO-TiO,), BPA was not
significantly mineralized after 100 min of irradiation. Under
UV-visible irradiation, the same behavior was observed i.e.
BPA was partially mineralized.
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3.2.  Monitoring of intermediates

The degradation of BPA and formation of intermediates were
monitored by HPLC-UV. No intermediates were observed
when N-TiO, and GO-TiO, catalysts were tested.

In Table 3, the intermediates formed during the photo-
catalytic treatment under UV irradiation and UV-visible irra-
diation of the simulated solar light with P25 and ECT-1023t as
catalysts are presented. These intermediates are named
products 1, 2, 3,4, 5 and 6, according to their respective elution
order during HPLC analysis. With P25, four main by-products
were observed during the photocatalytic degradation of BPA
under UV irradiation. With ECT-1023t, three main by-products
were detected under the same conditions. According to the
retention time, it seems that except for the by-product 2, the
by-products obtained with the two catalysts are the same.

Under UV-visible irradiation, two additional intermediates
(5 and 6) were detected; by-product 6 was observed only with
ECT-1023t and product 5 was observed only with P25 (Table 3).

The evolution of these intermediates during photocatalysis
is presented in Figs. 3 and 4. It can be seen that, under the
same irradiation conditions, the distribution and the nature of
intermediates are not the same when using ECT-1023t or P25.
These observations suggest that the photocatalytic degrada-
tion pathway of BPA could be different depending on the
catalyst used (ECT-1023t or P25).

With the same two catalysts but under different irradiation
conditions, there are some differences regarding the detected
intermediates (product 5 for P25 and products 6 and 2 for ECT).
There are two possible explanations: 1) the reactive species
created are different depending on the irradiation type or 2)
the kinetic reactions under the respective irradiations are not
the same. As under UV-visible irradiation the kinetics are
lower than under UV irradiation, this observation strengthens
the second assumption. This could then explain why, under
UV-visible irradiation, more intermediates are detected. A
further study must be done to identify the reactive species
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Fig. 3 — Monitoring of BPA intermediates formed when using P25 (a) and ECT-1023t (b) under UV irradiation (280—400 nm).
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Fig. 4 — Monitoring of BPA intermediates formed when using P25 (a) and ECT-1023t (b) under UV-visible irradiation

(200 nm—30 pm).

under UV and UV-visible irradiations with respect to the
catalyst used in order to have more precise explanations.

3.3. Identification of intermediates

To determine the structure of the intermediate products
formed during the photocatalytic treatment, the strategy was
divided into 4 phases:

1) reviewing the literature,

2) listing the main BPA by-products often found in BPA
photocatalysis,

3) analyzing the commercial by-products listed in 2) under the
same conditions of BPA analysis, and finally,

4) comparing the retention times of commercial by-products
with those of the intermediates formed during the
treatment.

With the comparison of retention time, product 1 was
identified as p-hydroxyacetophenone and product 6 as iso-
propylphenol. No match was found for the other by-products.

p-hydroxyacetophenone is often found during BPA photo-
catalysis (Katsumata et al., 2004; Li et al., 2008; Inoue et al.,
2008). According to these authors, it could come from p-iso-
propenylphenol oxidation while p-isopropenylphenol could

CHy TiO,, hv TiO,, hv CHs
HO H < HO OH —» HO OH
CHs CHg

CHs
CHs

isopropylphénol BPA
CHs

CH,

p-ispropenylphénol

2-(4-hydroxyphényl)-2-propanol

CH;
CH,

p-ispropenylphénol

TiO,, hv TiO,, hv

CHy
— » HO S

hydroxyacétophénone

Fig. 5 — Proposed reaction mechanism for BPA degradation.

be formed after the loss of an H,O molecule from 2-(4-
hydroxyphenyl)-2-propanol or after a demethylation of p-
isopropylphenol.

However, p-isopropylphenol (product 6) was not found in
BPA photocatalysis when P25 was used (Table 3). It was
detected only with ECT-1023t as catalyst. From these ob-
servations, it can be supposed that, with P25 as catalyst, p-
isopropenylphenol could be formed after the loss of an
H,0 molecule from 2-(4-hydroxyphenyl)-2-propanol while
with ECT-1023t as catalyst, p-isopropenylphenol could be
formed by the same mechanism as well as after a deme-
thylation of p-isopropylphenol (Fig. 5). Further analysis by
LC-MS/MS will be done in order to identify precisely these
intermediates.

3.4. Endocrine disruption effect

During the photocatalytic treatment, BPA was partially
mineralized and also transformed into other compounds.
These intermediates were observed by HPLC-UV when P25
and ECT-1023t were used as catalysts. To test their potential
toxicity, the estrogenic effect of the treated samples using
these catalysts was evaluated. For both catalysts, the endo-
crine disruption effect of the treated solution was evaluated
when the removal of BPA was estimated to be at

Table 4 — Percentage of mineralization and BPA
conversion in the samples tested to assess the estrogenic
effect.

P25 ECT-1023t
20min 120 min 40 min 140 min
% conversion 35 99 55 90
% mineralization 10 40 5 18
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Fig. 6 — Fluorescence of fry exposed to (a) samples treated with ECT-1023t and (b) samples treated with ECT-1023t mixed
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approximately 50% and to be higher than 90%. Since the
sampling times at which the toxicity tests have been realized
are different depending on the catalyst. The estrogenic effect
was evaluated after 20 min and 120 min of photocatalytic
treatment using P25 and after 40 min and 140 min of photo-
catalytic treatment using ECT-1203t. Data showing the per-
centage of conversion and mineralization of BPA in these
samples are given in Table 4. The samples were treated under
UV of the simulated solar light (280—400 nm).

In Figs. 6 and 7, the fluorescence of fry after 48 h is pre-
sented. As can be observed, the initial solution of BPA (2 mg/L,
t = 0 min) induced fry fluorescence higher than that in pure
water and in the positive control 2 (fry exposed to testos-
terone); BPA has an estrogenic effect and an effect on aro-
mataze enzyme activity. The risk level is 2, confirming that
BPA is an estrogenic disruptor compound.
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With ECT-1023t catalyst (Fig. 5), the sample taken after
40 min of photocatalytic treatment induced fry fluorescence
higher than the negative control and, when the sample was
mixed with testosterone, the fry fluorescence was also higher
than the positive control 2. The risk level is 2 so it could be
concluded that, in this sample, there are estrogenic disruptor
compounds. The remaining BPA concentration after 40 min of
photocatalysis was 900 pg/L. Thus, the estrogenic effect could
be attributed to BPA remaining in the treated solution. After
140 min of photocatalytic treatment, fry exposed to the sam-
ple fluoresced at the same magnitude as the negative control.
After exposing fry to the sample mixed with testosterone,
fluorescence intensity was not statistically significant
(0.05 < p) so it is considered to be the same as the positive
control 2. Thus, the risk level is 0, the sample does not present
an estrogenic effect and is considered as inert. After 140 min
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Fig. 7 — Fluorescence of fry exposed to (a) samples treated with P25 and (b) samples treated with P25 mixed with

testosterone (NS: statistically not significant).



Table 5 — Evaluation of the endocrine disruption effect.

Time treatment BPA % BPA % Risk level in Conclusion
(min) conversion mineralization estrogenic test
ECT-1023t 40 55 5 Level 2 Estrogenic disruptor
140 90 18 Level O No effect
P25 20 35 10 Level 2 Estrogenic disruptor
120 99 40 Level 1 Suspected
of photocatalysis with ECT-1023t, BPA was 90% removed
(IBPA] = 200 pg/L) and around 18% mineralized. It was trans- Acknowledgment

formed into other compounds which, according to the risk
level result, are not considered estrogenic disruptors like BPA.

When the catalyst was P25 (Fig. 7), the sample taken at
20 min also induced fry fluorescence higher than the negative
control and, when mixed with testosterone, higher than the
positive control 2. Since the remaining BPA concentration was
1300 pg/L, the estrogenic effect could also be attributed to BPA
remaining in the solution. After 120 min of treatment, BPA
was 99% removed ([BPA] < DL) and 40% mineralized. Fry
exposed to sample taken at this time (120 min) fluoresced at
the same magnitude as the negative control but, in co-
exposure with testosterone, the fry fluorescence was higher
than the positive control 2. Compounds in the sample after
120 min of photocatalysis act on aromataze activity and are
suspected as being estrogenic disruptors.

A summary of the results from the estrogenic tests is given in
Table 5. Under UV irradiation, photocatalysis with ECT-1023t
does not generate intermediates with an estrogenic effect.
However, the photocatalytic treatment with P25 forms in-
termediates which are suspected as having an estrogenic effect.
The monitoring of intermediates with ECT and P25 showed that
product 2 was formed only when the photocatalytic experiment
was performed with P25 (Table 3), suggesting that this inter-
mediate could contribute to the detected estrogenic effect.
Nevertheless, it must also be noted that not all intermediates
could be detected with HPLC/UV because of their low concen-
tration. Thus, other intermediates not observed could also be
formed and these could play a part in the estrogenic effect.
Further work must be done to identify all the intermediates.

4, Conclusion

The efficiency of ECT-1023t, N—TiO, and GO-TiO, in the
degradation of BPA under the UV part of a simulated solar light
and under the UV-visible part of the same simulated solar light
was evaluated. These catalysts exhibited a significant degra-
dation of BPA and, among them, ECT-1023t was the most
efficient in terms of BPA conversion and mineralization. The
intermediates obtained with P25 (reference) and ECT-1023t as
catalysts were monitored and some of them were identified. It
appears that the reaction intermediates found in solution
depend on the catalyst type and the kinetic reaction rate.
Under the UV part of the simulated solar light, the by-products
generated when using ECT-1023t as catalyst do not present any
estrogenic effect like BPA does. Based on these observations,
we can highlight that ECT-1023t is a promising catalyst for the
photocatalytic treatment of water under solar light.
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