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Abstract

Introduction. Estrone (E1) is a type of
natural hormone estrogen which is produ-
ced mainly by the ovaries, adipose tissue,
fibroblasts skin, placenta, and brain. E1 is
part of the so called endocrine disrupting
compounds (EDC), a type of organic conta-
minants present at trace levels in the water
that can interfere with the normal function of
the endocrine systems in humans and wildli-
fe. Objective. To describe the experimental
conditions that have given the best results in
the degradation or photocatalytic removal
of estrone referenced in the scientific lite-
rature using photocatalysis. Materials and
methods used a systematic review, directed
by search criteria, inclusion and exclusion,
to extract information concerning the experi-
mental conditions. Results. The results show
thata) a higher removal rate is achieved with
a higher load of the catalyst or with a modi-
fied catalyst; b) the use of radiation at 254 nm
is convenient in matrices containing mixtures

of compounds; ¢) the ideal pH will be lower
than the isoelectric point or the zero charge
point of the catalyst; d) the removal rate is
faster in ultra-pure water than in synthetic
or real wastewater. The study was limited to
the identification of investigations in which
the degradation was performed using TiO,
as a catalyst and the articles fulfilled the in-
clusion and exclusion criteria. Conclusions.
The main contribution of this research is the
identification of the best conditions for the
degradation of the pollutant in different con-
ditions and matrices, which is the basis for
the work of' the research group. The removal
of estrone is greater when the catalyst load
is increased or by the use of a modified one;
or when the pH is lower than the isoelectric
point or the zero charge point of the catalyst;
higher in ultra-pure water than in wastewater.
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Remocion de estrona en
aguas y aguas residuales por
fotocatalisis: una revision
sistematica

Resumen

Introduccién. Laestrona (E1) es untipode
estrogeno hormonal natural que se produce
principalmente en los ovarios, el tejido adi-
poso, la piel de los fibroblastos, la placenta
y el cerebro. La E1 es parte de los llamados
compuestos disruptores endocrinos (EDC),
un tipo de contaminantes organicos presentes
enniveles traza en el agua, que pueden inter-
ferir con la funcién normal de los sistemas
endocrinos en humanos y la vida silvestre.
El objetivo de esta investigacion es descri-
bir las condiciones experimentales que han
dado los mejores resultados en la degrada-
cion o remocion de la estrona fotocatalitica,
empleando fotocatalisis, referenciados en la
literatura cientifica. Los materiales y mé-
todos empleados se fundamentaron en una
revision sistematica, dirigida por criterios de
busqueda, inclusion y exclusion, para extraer
informacion concerniente a las condiciones
experimentales. Los resultados muestran
que una mayor tasa de remocion se alcanza
con a) una mayor carga del catalizador o con
un catalizador modificado, b) el uso de ra-
diacion a 254 nm es conveniente en matrices
que contengan mezclas de compuestos, c) el
pH idéneo serd menor al punto isoeléctrico
o al punto de carga cero del catalizador, d)
la tasa de remocion es mas rapida en agua
ultra pura que en aguas residuales sintéticas
o reales. El estudio estuvo limitado a la lo-
calizacion de investigaciones en las cuales
la degradacion se hayarealizado empleando
TiO, como catalizador y que los articulos
cumplieran con los criterios de inclusion y
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exclusion. Conclusiones. El principal aporte
de esta investigacion es la identificacion de
las mejores condiciones para la degradacion
del contaminante en diferentes condiciones
y matrices, lo cual es base para los trabajos
del grupo de investigacion. La remocion de
la estrona es mayor cuando se incrementa
la carga del catalizador o por el uso de uno
modificado; cuando el pH es menor al pun-
to isoeléctrico o al punto de carga cero del
catalizador; mayor en agua ultra pura que en
aguas residuales.

Palabras clave: fotocatalizador, agua resi-
dual, contaminantes emergentes, hormona,
TiO

PE

Remocao de estrona em agua e
esgotos por fotocatalise: uma
revisao sistematica

Resumo

Introducio. A estrona (E1) ¢ um tipo de es-
trogénio hormonal natural que se produce
principalmente nos ovarios, o tecido adiposo,
apele dos fibroblastos, a placenta e o cérebro.
AE1 éparte dos chamados compostos desre-
guladores enddcrinos (EDC), um tipo de re-
siduos organicos presentes nos niveis tragos
na agua, que podem interferir com a fungdo
normal dos sistemas endocrinos na satde
humana e na vidasilvestre. O objetivo de esta
pesquisa é descrever as condi¢des experi-
mentais que tem dado os melhores resultados
na degradacdo o remogao da estrona fotoca-
talitica, empregando fotocatalise, referen-
ciados na literatura cientifica. Os materiais
e métodos empregados se fundamentaram
em um revisao sistematica, dirigida por cri-
térios de pesquisa, inclusdo e exclusdo, para
extrair informagao concernente as condigdes
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experimentais. Os resultados demonstram
que uma maior taxa de remocgao se atinge
com a) uma maior carga do catalizador o
com um catalizador modificado, b) o uso de
radiacdo a 254 nm € apropriado em matrizes
que possuam misturas de compostos, ¢) o pH
ideal sera menor ao ponto isoelétrico ou ao
ponto de carga zero do catalizador, d) a taxa
de remogao ¢ mais rapida em dgua ultra pura
que em esgotos sintéticos ou reais. O estudo
esteve limitado a localiza¢do de pesquisas
cuia degradagdo tenha-se realizado, empre-
gando TiO, como catalizador e que os artigos
cumpriram com os critérios de inclusdo e
exclusdo. Conclusées. O principal aporte de
esta pesquisa ¢ a identificacdo das melhores

condicdes para a degradagdo do residuo em
diferentes condi¢des e matrizes, por tanto, &
base para os trabalhos do grupo de pesquisa.
Aremocgao da estrona € maior quando incre-
menta-se a carga do catalizador ou pelo uso
de um modificado; quando o pH € menor ao
ponto isoelétrico ou ao ponto de carga zero
do catalizador; maior em dgua ultra pura que
en esgotos.

Palavras-chave: fotocatalizador, esgoto,
contaminantes emergentes, formona, TiO,.

Palavras-chave: fotocatalizador, residuo de
agua, contaminantes emergentes, hormona,
TiO
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Introduction

Chemical products are used worldwide in a
variety of industrial processes, both as in-
termediaries and as finished products. The
evolution of the chemical industry toward
the pharmaceutical sector has enabled an im-
provement in the quality of life of human be-
ings thanks to the development of new drugs
capable to treat or cure various conditions,
but these compounds have also damaged the
aquatic systems in the world.

At present, an alarming use of hormones
and other products from various medical
treatments or natural biological processes
have been detected in aquifers, related with
effects like the decrease in fertility, femini-
zation, hermafrodismo, among others, in the
aquatic fauna (Arlos etal., 2016; Céppola,
Nader & Aguirre, 2005; Han et al., 2012;
Hansen et al., 1998; Lodhi & Killingbeck,
1982; Pelissero et al., 1993).

Estrone (E1) is a natural estrogen-type
hormone which is, produced mainly by the
ovaries, adipose tissue, fibroblasts skin,
placenta, and brain (Coppola et al., 2005).
The E1 is present after menopause, howev-
er, its presence before menopause includes
health problems, such as polycystic ovarian
syndrome or cancer.

Estrone (E1) is part of the so-called endocrine
disrupting compounds (EDC), a type of or-
ganic contaminants present at trace levels in
the water that can interfere with the normal
function of the endocrine systems in humans
and wildlife (Alvarez-Corena, Bergendahl
& Hart,2016; Hanetal., 2012; Sornalingam
etal., 2018).

The presence of estrogens in drinking water
has awakened the attention in the area of wa-
ter treatment, as well as in the field of health
due to its extremely high estrogenic power
and its widespread presence in effluents from
the wastewater treatment plant (WWTP) and
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in the receiving waters (Han et al., 2012;
Zhang et al., 2012).

A conventional wastewater treatment plant
(WWTP) usually does not completely elim-
inate the E1, mainly due to its resistance to
biodegradation. In fact, an increase has been
reported in the concentration of E1 after treat-
ment of a wastewater effluent due to the for-
mation of E1 as a by-product of degradation
of the more powerful 17-B-estradiol (E2)
(Sornalingam et al., 2018).

Figure 1 shows the molecular structures of
the estrone (E1) and the rest of the natural
female hormones; the 17-B-estradiol (E2)
and unconjugated estriol (E3), as well as the
synthetic hormone, the 17-a-ethinyl estradi-
ol (EE2), while Table 1 shows the physical
and chemical properties of these hormones,

particularly the acid dissociation constant
(pK,) and the octanol-water partition coef-
ficient (log K_ ). The E1 and the rest of the
hormones are weak acids and moderately
soluble, which is reflected by their high
pK, value (Arlos et al., 2016) Solubility
can be analyzed through the values of the
octanol-water partition coefficient, which
reflects the preference to solubilize in water
or hydrophobic environments: The higher
the partition coefficient, the more soluble
in water the hormone will be. Another char-
acteristic of these compounds is that they
have a maximum absorption of photons at
wavelengths in the range 0f279 and 293 nm
(Arlos etal., 2016).

Figure 1. Molecular structure of E1, E2, E3
and EE2

Estriol (E3)

17-0-ethinyl estradiol (EE2)

Source: Reproduced from Arlos et al. (2016)
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Table 1. Physical and chemical properties of the E1, E2, E3 and EE2

Hormone Type Molecular  LogK_ to p Solubility at 25°C in
mass (g/mol) pHS5.0 2 pure water (mg/L)

El Least abundant hormone 270,37 3,30 10,33 1,30

E2 Primary hormone 272,38 3,75 10,33 1,51

E3 Abundant during pregnancy 288,38 2,54 10,33 0,12

EE2 Birth Control Pill 296,40 3,63 10,33 9,20

Note: pK : Acid dissociation constant, log K_ : octanol-water partition coefficient

Source: Reproduced from Arlos et al. (2016)

On the other hand, advanced oxidation pro-
cesses (AOP) may be effective in removing
EDC from water (de Liz et al., 2018). The
photodegradation by photolysis and pho-
tocatalysis is considered to be an efficient
process for the elimination of EDC (de Liz et
al.,2018) to trace level, as E1 (Sornalingam
etal.,2018).

The photocatalytic oxidation photocataly-
sis is used as the only source of energy to
ultraviolet radiation. Additionally, there is
the presence of a catalyst or semiconductor,
such as titanium dioxide (TiO,). The TiO, is
an attractive photocatalyst due to its high che-
mical stability, commercial availability and it
1s non-toxic characteristics (Sornalingam et
al.,2018). The heterogeneous photocatalysis
has gained attention as a promising technique
that can be used as an alternative or as acom-
plement to conventional treatment of was-
tewater, since it allows the mineralization of
recalcitrant pollutants (including organic and
inorganic compounds, metals and pathogens)
into CO,, H,O, water and a small amount of
simple inorganic compounds (Czech & Ru-
binowska, 2013). Photocatalysis starts with
the formation of hydroxyl radicals, which
have an oxidizing effect on chemical pollu-
tants, and the oxidation process takes place
on the surface of the catalyst (Garcés, Mejia
& Santamaria, 2004). The band gap energy
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for TiO, is approximately 3.2 eV, which su-
ggests that UV light with a wavelength less
than or equal to 387 nm can be used for ex-
citation. However, the E1, E2, E3, and EE2
have a maximum absorption of photons at
wavelengths that occur between 279 and 293
nm (Arlos et al., 2016).

Photocatalysis has been used in different
studies to degrade EDC, such as E1, in both
synthetic and natural waters under different
experimental conditions, such as: the shape
of the catalyst (free or modified) the wave-
length of the radiation and the pH (Arlos
et al., 2016; Czech & Rubinowska, 2013;
Frontistisetal.,2012; Lietal., 2010; Mizu-
guchi et al., 2005; Nakashima et al., 2003;
Sornalingametal.,2018; Zhangetal.,2012).

The main contribution of the research is to
show the effect of: (a) the concentration of
the catalyst, (b) the wavelength of the radia-
tion, (c) the pH, and d) the matrix of water
that have been used in the removal of the
El, and in this way, relating these experi-
ments conditions to the efficiency to remove
the hormone. This information is useful in
terms of optimizing time and resources for
the EDC degradation, which is the basis for
the development of future research studies.
Therefore, the objective of this systematic
review is to describe the experimental con-
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ditions that have given the best results in the
removal of the estrone by photocatalysis in
synthetic water and wastewater.

Materials and Methods

The search procedure of the research ar-
ticles

For the development of this research, a search
was conducted on relevant scientific literatu-
re, using Scopus and ScienceDirect databases
based on their great impact at international
level.

The research is based on the following ques-
tion: What are the experimental conditions
that have given the best results in the de-
gradation or removal of estrone using pho-
tocatalysis in water samples in accordance
with the systematic review of the literature?
This research question settled the terms that
served as descriptors in the databases mentio-
ned above, these being the following: Degra-
dation, removal, photodegradation, estrone,
titanium dioxide, TiO, and photocatalytic.
After selecting the descriptors listed above,
the Boolean operators were used to ensure
the specificity of the research: [(Degradation
OR removal OR photodegradation) AND es-

trone and (TiO, OR titanium dioxide) AND
photocatalytic].

The search was performed in October 14,
2018, and consisted of two steps: first, it was
wide in both bases, the search could appear
in all fields, considered all the years included
all types of documents (original articles, re-
views, books, book chapters, among others).
Then, with the aim of conducting a more
specific research, a second exploration was
carried out, taking as an inclusion criterion
that the search words should appear in the
title, summary or key words and documents
should be published only in “journal” and in
the English language. Finally, the criterion
for inclusion was applied meaning that the
article should contain Introduction, Metho-
dology, Results, Analysis, and Discussion of
Results, being defined this as IMRAD for-
mat, in order to describe the experimental
conditions of degradation and the description
ofthe photocatalytic process of estrone. On
the other hand, the exclusion criterion was
the existence of another technique of removal
coupled to the photocatalysis or a modifica-
tion of the traditional oxidative technique.
Table 2 shows the search criteria, as well as
the inclusion and exclusion conditions.

Table 2. Search criteria, inclusion and ex-
clusion conditions.

crli\t:lf;in Cr:;e;r;on Criterion Description
| Language English
2 Type of Publication Journal
(Degradation OR removal OR photodegradation)
Search  Descriptores de biisqueda  AND estrone and (TiO, OR titanium dioxide)
3 AND photocatalytic
4 Search Fields Title, Abstract and key words
5 Years of publication All the years
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1.\10 o‘f Criterion Criterion Description
criterion type
.. Must contain Introduction, Methodology, Results,
6 Inclusi Format of the publication Analysis and Discussion of Results (IMRAD)
nclusion - -

7 Ease of Access Free access 'to paper through the virtual library of
the University.
The photocatalysis should be the only form of deg-
radation or removal of the estrone, therefore, there

Existence of another tech- should not be another technique attached which
8 Exclusion nique of removal or other ~ will contribute to the treatment of water.

Catalyst

The TiO, must be the only catalyst used for the
photocatalysis

Source: elaborated by the authors

Procedure for the analysis of research pa-
pers

The research papers were reviewed on an
individual basis in order to remove and dis-
criminate against the information needed to
answer the research question. The extracted
information was associated with the concen-
tration of the catalytic converter, the wave-
length of the radiation, pH, and the array of
water, and in this way, relating these condi-
tions to the percentages of removal of the
hormone. Then, based on the experimental
results presented in the articles, the best con-
ditions to degrade or remove estrone were
identified. Finally, the extracted information
is shown in Table 3.

Results

The identification of the research papers was
conducted in the databases as indicated the

October 14, 2018. In a first search, 318 pu-
blications were obtained in Scopus and 79 in
ScienceDirect. The initial exploration in both
databases was wide; the search words could
appear in all fields, considering all the years,
and included all types of documents (origi-
nal articles, reviews, books, book chapters,
among others). Then, the second exploration
was conducted by taking as an inclusion cri-
teria that the search words should appear in
the title, summary or key words and only
articles in english were allowed. As aresult,
14 documents were obtained in Scopus and
3in ScienceDirect, for a total of 17 articles.
From the above, a search for duplicates was
carried out using the Manager of references
Mendeley, resulting in 3 papers, for a total
of 14 articles. Finally, we applied inclusion
and exclusion criteria (Table 2) to remove
articles that do not correspond with these
results, and in this way, 08 original research
papers were obtained and included in this
systematic review (Figure 2).
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Figure 2. Search process of research papers on the efficiency of TiO, photocatalysis to
remove estrone from water.

Scopus I ScienceDirect .

Publications identified with the Publications identified with the
search words in all fields, all years, search words in all fields, all years,
all languages (n=318) all languages (n = 79)

*—

Papers identified with the identified
with the search words in all fields, all
years, just in English (n = 3)

Papers identified with the identified
with the search words in all fields, all
years, just in English (n= 14)

Total papers identified in the Articles eliminated by
bases (n=17) duplicates (n =3)
articles eliminated by
Total papers identified after not meeting criteria of
eliminating duplicates (n = 14) inclusion and exclusion

n =6

*

Total articles that met the
inclusion and exclusion
criteria (n = 8)

Total articles that were
included in the systematic
review (n = 8)

Source: elaborated by the authors

On the other hand, out of the 08 publications (1), Japan (2), Poland (1), and United King-
used for a systematic review the results show dom (1), as shown in detail in Table 3.
that the country of origin of the articles are

Australia (1), Canada (1), China (1), Greece Table 3. Articles by countries included in
the systematic review

Country #Articles Reference

Australia 1 (Sornalingam et al., 2018)

Canada 1 (Melles et al., 2016)

China 1 (Zhangetal.,2012)

Greece 1 (Frontistis et al., 2012)
2 (Mizuguchi et al., 2005; Nakashima et al., 2003)
1 (Czech & Rubinowska, 2013)
1

(Lietal., 2010)

Japan
Poland
United Kingdom

Source: elaborated by the authors
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Discussion

The analysis of the 08 research articles on
the experimental conditions (concentration
of the estrone, form the catalytic converter,
the concentration of the catalyst, UV, pH
conditions) that have been used in removal

of estrone using photocatalysis, as well as
the conversion of the hormone reached in
the above-mentioned conditions, as shown
in Table 4.

Table 4. Literature review on the experimen-
tal conditions used to remove estrone using

photocatalysis
Estrone Catalytic Conditions
Reactor (Wave length, .
concentra-  converter pH Conversion Ref.
type . . type, power,
tion (TiO,) . .
2 irradiance)
6,30
1000 pg/L* 56000 ug/t. (UPW)  100%at I8 minin (o
Batch (UPW: (free and mod- 365 nm UVA- 7,41 UPW 100% at 90 am et al
(beaker) > ified);4Wt%  LED, 11W (SWW)  minin SWW and & ’
SWW; . 2018)
RWW) Au-TiO,) 7.55 RWW
(RWW)
200 pg/L® 250000 pg/L >280 nm 6,1 (UPW) 100 % (approx. (Frontis-
(Free) (UVAand 12 min) forthe E1  tisetal.,
(UPW; UVB); 15W inasingle compo-  2012)
N RWW) (xenon bulb); nent, and 90 per
Batc': (Qpen radiation to a cent (approx. 15
cylindrical photon flux of min) mixed with
g.lass con- 1,7 *107 ein- the E2 and EE2
tainer, dou- stein/s .
ble wall). 8 (RWW) 100 % (approx.
60 min) and 95 %
(approx. 48 min)
mixed with the E2
and EE2
876 ng/Lc 400000 pg/L 253,7nm 98%in 180 min  (Lietal.,
(UVC); 8W; (with E2, E3 and 2010)
(UPW) (Free) 113,5 W/m? EE2)
Rec1rcula— (300-380 4.6+0.1 . .
tion Batch nm =355 49 % in 180 min
nm (prom)) (with E2, E3 and
(UVA); 8W; EE2)
115,6 W/m?
>350 nm (Mizugu
Batch (Petri 270,37  Inmobilizedin  (black light; o . . )
Dish) ug/L  glassbeads  UVA); 600 nd - >95%(300min)  chictal,
2 2005)
puW/em
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Conditions

Reactor Estrone Catalytic (Wave length, .
concentra-  converter pH Conversion Ref.
type tion (TiO) type, power,
2 irradiance)
In pinned
mesh sheets .
Batch of polytetra-  15W; 1,2 mW/ nd (E:i?illn_
(beaker) 250 ug/L fluorethylene cm?, ' 98 % in 16 mi- 2003) N
(PTFE), as nutes
amended.
0.0276 Inmovilized in
Batch (ho- ’ its own reactor 365 nm (UVA); >95 % at 60 min
llow glass ng/L recoveredbya 0,7 W; 2,8 *10- 7,02 (%h;g% ; ¢
cylinder) (SWW) suspension of *einstein/m?/s <95%ofthe CDE '~ )
TiO,). was degraded in
100 min.
At pH 4 no estro-
genic activity was
Batch 4 g/l Immobilized 365 nm (UVA); 4 detec;[;:;inat 120
(glass con- in porous UV-LED; 1,617 3 ' (Arlos et
tainer) (UPW) sheet.s oftita- mW, 1,3 * 120 AtpH8and 11 al., 2016)
nium. mW/em 11 o300 minis still
detected estrogen-
ic activity.
Immobilised
in tubes that
were placed
inside the T1: approximate-
reactor. Four ly 80 % (180 min)
types of cat-
alysts: T1= ] ] T2: approximate-
Continous uncle, -Tytan- 2>+ M UVES ly 78 % (200 min) (Czech &
50000 pg/L  pol; T2=TiO ) 7.798 Rubinows-
Flow . 0,7kW; 2 mW/ ) .
, -Sigma-Al- om? T3: approximate- ka, 2013)
drich; T3= ly. 62 % (220
TiO, -Hom- min)
bikat-Sig-
ma-Aldrich; T4: approximate-
T4=TiO, ly. 80 % (180
-S21 Sig- min)
ma-Aldrich

a => cathalyst/estrone = 50; b = cathalyst /estrone = 1250; ¢ = cathalyst/estrone =457; UPW = ultra-pure

water; SWW = synthetic wastewater; RW W= real wastewater
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Effect of the load of the catalyst (TiO,)

In the research articles employed for the
review notes, TiO, was used preferably in
immobilized form instead of'its modified or
free state. Thus, TiO, was presented in porous
titanium sheets (Arlos etal., 2016) in sheets
of mesh of modified polytetrafiuoroethylene
(PTFE) (Nakashima et al., 2003), in glass
beads (Mizuguchi et al., 2005), in the glass
reactor itself with double coating (del TiO,)
(Zhang et al., 2012) or immobilized in alu-
minum tubes through which the polluting so-
lution passed (Czech & Rubinowska, 2013).
The free TiO, and modified with gold (Au)
form were employed by (Sornalingam et al.,
2018), where it was noted that, in general,
the nanoparticles in 4% by weight of Au-TiO,
presented a superior performance compared
with TiO, P25 in water and wastewater. The
catalytic converter in its free form was only
used by (Li et al., 2010) and (Frontistis et
al., 2012).

The rate of photocatalytic degradation of
El linearly increases as the concentration
of the catalytic converter increases, which
is consistent with the results of (Frontistis et
al.,2012; Lietal.,2010 and Sornalingam et
al., 2018). Table 4 shows the ratio catalyst/
estrone used by these researchers. It can be
seen that the concentration of the catalyst
was 1250, 457 and 50 times higher than the
concentration of estrone as used by (Fron-
tistis etal., 2012), (Lietal.,2010) and (Sor-
nalingam et al., 2018), respectively. Estrone
was completely removed in just 12 minutes
when present in a simple matrix formed by
the hormone and ultra-pure water, while a
removal of 90 % was achieved when a mix-
ture of E1, E2 and the EE2 was used instead
(Frontistisetal.,2012). According to Lietal.
(2010) who used a ratio of catalyst/estrone
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of 457, a removal of 49 % of estrone was
achieved after 180 minutes of treatment in
ultra-pure water.

It is interesting to the analysis of the wor-
kload of the catalyst in (Sornalingam et al.,
2018) research, where the catalyst/estrone
reason is 50, but the total degradation of the
present ultra-pure water E1 isreached in just
18 minutes. This result is linked to the mo-
dification of the catalyst, the aggregation of
4 % by weight of gold nanoparticles. The-
se studies (Frontistis et al., 2012; Li et al.,
2010; Sornalingam et al., 2018) evidence two
things: firstly, the higher the concentration
of the catalyst, the higher the degradation
of'the E1 will be, and secondly, a modifica-
tion (dopping) of the catalyst may lead to
improve its catalytic properties and overall
effectiveness.

On the other hand, in the studies by Arlos
etal. (2016); Czech & Rubinowska (2013);
Mizuguchi et al. (2005); Nakashima et al.
(2003); Zhang et al. (2012) the catalyst was
used in an immobilized way, although the
concentration of the catalyst is not clearly
stated in the reports, it is known that when a
catalyst is immobilized it increases its con-
centration and catalyst losses are reduced
(Frontistis et al., 2012; Li et al., 2010; Sor-
nalingam et al., 2018).

Effect of the wavelength of the radiation

The UV radiation is divided into UVC light
(200-290 nm), UVB (290-320 nm) and UVA
(320-400 nm). The preferred wavelength by
research studies is 350-365 nm (UVA), and
254 nm (UVC), this under the premise that
since the band gap energy for TiO, is approxi-
mately 3,2 eV, suggesting that UV radiation
with a wavelength less than or equal to 387
nm can be used for excitation, however, E1,
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E2,E3 and EE2 have a maximum absorption
of photons in wavelengths that occur between
279 and 293 nm (Arlos et al., 2016).

The work presented by Li et al. (2010) de-
grades the E1 (in mixture with E2, E3 and
EE3) under the same conditions of concen-
tration of E1, catalyst concentration and
pH, but the wavelength of the radiation is
varied (the power of the lamp is the same
and the flow of photons remains practically
constant). In this way, a 98 % removal of E1
was achieved in 180 minutes using radiation
at253,7 nm (UVC), while under a radiation
whose average was 355 nm, the removal in
the same time was 49 %. This indicates that
UVC radiation significantly increases the
rate of degradation of a mixture of female
hormones; (E1, E2, E3 and EE2) especially
El, given that the conversion of the rest of
the hormones at the aforementioned time was
close to 60 %.

In the research studies conducted by Czech &
Rubinowska (2013) UVC radiation was also
used with different catalysts surface areas:
(T1,T2, T3, and T4), achieving conversion
percentages of 80 %, 78 %, 62 %, and 80 % in
180,200,220, and 180 minutes, respectively.
However, estrone was the only hormone pre-
sent in the analysis system, unlike the work
presented in (Li et al., 2010).

Effect of pH

Arlos etal. (2016) reported the effect of pH
on the degradation of E1 and other EDC. In
this investigation, the effect of pH (4.0, 8.0
and 11.0) on the elimination of several EDC
(including E1) was verified using UV-LED
(UVA, 365 nm) and TiO2 was immobilized in
porous titania sheets. At pH 4.0, no estroge-
nic activity was detected after 120 minutes of
photocatalysis, while at pH values of 8.0 and

11.0, estrogenic activity was still detected
after 300 minutes of treatment. The authors
of (Arlosetal.,2016) indicate that the effect
of pH on degradation is largely attributed to
the charge on the surface of TiO2 and the
degree of ionization of EDC in acidic or basic
media. The surface of TiO2 is amphoteric
and, as aresult, different charged species are
produced under different pH conditions. It
should be understood that purely electrostatic
interactions occur between the surface of the
catalyst and the EDC, that is, there will be
a greater or lesser interaction between them
as reflected in the conversion of the EDC
(including the E1).

AtapH of4.0, the catalyst surface is mostly
positive, which is indicated by the isoelectric
point (IEP) value of 6.0 obtained by the cata-
lyst (Arlos etal.,2016). Having the following
condition (pH <IEP), and on the other hand,
the EDC are mostly neutral, which favored
the conversion of the EDC compared to the
degradation obtained with the other pH val-
ues (8.0 and 11.0), where the catalyst sur-
face is negatively charged and the EDC are
mostly neutral (pH: 8.0) or have been ionized
forming the corresponding anions, causing
repulsion between them and thus affecting
the rate of degradation.

Czech & Rubinowska (2013) reported that
the initial pH of the solution containing E1
was 7,80 and that it decreased to 7,0, and
although they did not describe the characte-
ristics of the catalysts studied, they indicated
that the adsorption of the contaminant had
electroneutral characteristics (Czech & Ru-
binowska, 2013), that is, the pH was equal
to the value of the point of zero charge (pH
=PZC).

In summary, it is understood that the pH of the
solution affects the rate of removal of the E1,
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since the catalyst surface and target substances
are sensitive to the pH adjustments (Arlos et
al., 2016; Czech & Rubinowska, 2013).

Effect of the water matrix

Frontistis et al. (2012) and Sornalingam et
al. (2018) used several water matrices and
analyzed the effect of this condition in the re-
moval of E1. Frontistis etal.(2012) analyzed
the removal of the hormone in ultra-pure wa-
ter (UPW) and real waste water (RWW) using
El as a single component and in a mixture
with E2 and EE2. The results showed that
when E1 was used alone, a greater removal
was achieved in shorter contact times for both
the pure UPW and the RWW. In contrast,
when E1 was in a mixture, the degradation
was slower, indicating that the competition
occurred among the hormones (as well as the
other non-target substances that were present
in waste water) for the species responsible
for the oxidation.

Sornalingam et al. (2018) used three ma-
trices, UPW, SWW, and RWW were used.
According to this results, the removal rate
of E1 had the following order UPW >SWW
~ RWW; reaching a complete elimination
of the hormone in UPW after 18 minutes
and in SWW and RWW after 90 minutes of
treatment. The above shows that the rate of
removal of this hormone is influenced by
the physical-chemical characteristics of the
water in which estrone is found. For example,
UPW is a simple matrix characterized by
low conductivity, low turbidity, low chemi-
cal demand for oxygen, no ions or metals or
alkalinity and no organic or inorganic carbon,
among others. This means that there is no
competition between the degradation target
compound, E1 and the rest of the present
compounds (organic or inorganic).
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Conclusions

Therate of removal of E1 is strongly influen-
ced by the experimental conditions at which
photocatalysis is conducted. From the analy-
sis of the scientific literature, it is observed
that the removal of the E1 depends on the
catalyst concentration and a high catalyst
concentration means a greater removal. Also,
amodification (dopping) of the catalyst may
lead to improve its catalytic properties and
overall effectiveness, for example; with the
aggregation of 4 % by weight of gold nano-
particles a total degradation of E1 was obtai-
ned in just 18 minutes. For its part, the use of
radiation at 254 nm is convenient in matrices
that contain mixtures of compounds (i.e. E1,
E2, E3 and EE2), while the use of radiation
at 365 nm gives good results provided that
the pH of the solution is adjusted to a value
lower than the isoelectric point (pH <IEP) or
to the point of charge zero of the catalyst (pH
=PZC(). Finally, the removal rate is faster in
UPW thanin SWW and RWW and is influen-
ced by the physicochemical characteristics of
the water in which the E1 is located. In UPW,
there is no presence of other compounds, the-
refore, there is no competition between the
target compound of degradation -the E1- and
the rest of the present compounds (organic or
inorganic), leading to a higher removal rate
in UPW than in SWW or RWW.
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