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Abstract 

Because of the vast use of organic chemicals in modern society, almost any wastewater stream from industrial
processes or households contains such compounds and disposal without proper treatment will therefore result in
exposure to humans and the environment. Some of them may exhibit endocrine disrupting effects (EDCs) and they
widely exist in wastewater. The current effluent standards for Urban Wastewater Treatment Plants (UWWTPs)
still include the conventional parameters of BOD, COD, pH, suspended solids, nitrogen, phosphorus, total number
of E. coli etc. No limits for dangerous substances such as heavy metals or xenobiotic organic compounds exist
in many countries. In the framework of the Water Frame Directive (WFD), environmental quality standards
including 33 priority pollutants and some other xenobiotics have been proposed by the EU. As a consequence,
member states have to establish monitoring programs for a number of priority and emerging pollutants. The
integrated use of conventional biological treatment with advanced oxidation processes (AOPs) such as ozone
oxidation, photocatalysis, Fenton and Photo-Fenton oxidation have been applied in order to increase the
biodegradability and also the detoxification of the effluent streams. The use of AOPs seems to be favorable for reuse
applications that require high quality of treated water, like for example groundwater recharge and indirect potable
reuse. However, total dissolved solids (TDS) which can be increased if AOPs are applied have to be removed
before reuse. This paper aims at providing an updated review on EDCs and their removal by photocatalysis (PC)
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and ultrasound oxidation (US) from aqueous spiked solutions and wastewater. The recently established reuse
limits in Italy are evaluated according to AOPs requirements discussed in this paper. 
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1. Introduction 

One of the principal environmental objectives
of the EC Water Framework Directive (WFD),
Article 4, is to ensure achievement and mainte-
nance of “good status” for all community waters
including inland surface and ground waters, tran-
sitional and coastal waters by 2015 [1]. In this
framework, a number of xenobiotics (a class of
chemical compounds foreign to the body of the
living organisms and resistant to environmental
degradation) which are continuously released into
the environment, such as polycyclic aromatic
hydrocarbons (PAHs), alkylphenols (APs), orga-
notins (OTs), volatile organic compounds (VOCs),
pesticides and heavy metals have been listed as
priority substances. A recent proposal issued by
the EU Parliament and Council regulates their
concentrations in surface waters [2]. The priority
list of WFD includes 33 substances characterized
by high toxicity, high environmental persistence
and high lipophilicity leading to bioaccumulation
in food webs and by increased risk for the
environment and human health. Several of them
(e.g. PAHs, APs, OTs, brominated flame retar-
dants) have been already proven to be or are
potential endocrine disruptors (EDCs) [3,4]. These
compounds, a wide class of natural and synthetic
chemicals, are referred to as EDCs because
they interfere with the normal functioning of
the endocrine system. The U.S. Environmental
Protection Agency (EPA) defines environmen-
tal EDCs as xenobiotics (agents foreign to an
organism) that interfere with the “synthesis,
secretion, transport, binding, action, or elimina-
tion of natural hormones in the body that are
responsible for the maintenance of homeostasis,
reproduction, development, and/or behavior.

The effects suggested as being related to endo-
crine disruption have been reported in mollusks,
crustacean, fish, reptiles, birds and mammals
in various parts of the world as early as the
1930s [5]. 

Substances like phthalates, pesticides, poly-
chlorinated biphenyls (PCBs), dioxins, polycyclic
aromatic hydrocarbons (PAHs), alkylphenols
(APs) and bisphenols are present more frequently
in wastewater treatment plant effluents than other
environmental matrices. Most EDCs are synthetic
organic chemicals (xenobiotics) introduced to
the environment by anthropogenic inputs but they
can also be naturally generated estrogenic hor-
mones (e.g. estrone, 17β-estradiol), and therefore
are ubiquitous in aquatic environments receiving
sewage effluents [6]. Recent studies show that
sewage treatment plants (STPs) are a significant
point source, particularly for surface water and
groundwater of EDCs including Nonylphenol
monoethoxylate (NPE1:); Nonylphenol diethoxy-
late (NPE2), Nonylphenol triethoxylate (NPE3)
and: Octylphenol (OP) at µg/L levels [3]. Another
group of compounds of particular interest and
unknown fate and impact originating from STPs
is pharmaceutical residues. For instance, in a
monitoring campaign in Italy, France, Greece and
Sweden, carbamazepine, clofibrate, phenazone
and aminopyrine, clofibric acid, diclofenac, feno-
fibrate, fenoprofen, flurbiprofen, gemfibrozil,
ibuprofen, ketoprofen and naproxen belonging
to different therapeutic pharmaceuticals classes
were found in the effluent of the STPs [7]. A pre-
dictive model proposed to assess the presence
of the pharmaceutical residues showed a high
risk ratio of the occurrence of the most consumed
pharmaceuticals in Italy [8]. 
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The removal of EDCs in wastewater treatment
processes depends on the inherent physicochemi-
cal properties of the pollutants and on the nature
of the treatment process involved. It is generally
recognized that there are four main removal
pathways for organic compounds during the
conventional wastewater treatment: (i) adsorption
onto suspended solids or association with fats
and oils, (ii) aerobic and anaerobic degradation,
(iii) chemical (abiotic) degradation by processes
such as hydrolysis and (iv) volatilization. A
compound’s physicochemical data can be used
to predict physical processes, such as sorption,
volatilization and dissolution. The important prop-
erties to be considered are octanol-water partition
coefficient (Kow), aqueous solubility, acid disso-
ciation constant and Henry’s Law constant (Hc).
Knowledge of chemical partitioning between
the aqueous and solid phase is needed to assess
pathways of EDCs transport and transformation
[9]. However, many of those EDCs, and other
emerging pollutants are partially or at a low
grade removed from wastewater in conventional
treatment systems. Several studies confirmed that
in activated sludge treatment plants the EDCs
are relatively removed. Sorption and biodegra-
dation are considered as the principal mechanisms
for steroid estrogens removal, influenced by
hydraulic retention time (HRT) and high sludge
retention time used in STPs [10,11]. Due to the
possibility of maintaining high retention time,
membrane bioreactors are able to host diverse
microbial culture which can induce degradation.
Thus compared to other biological treatment
methods membrane bioreactors show better
removal effectiveness [12]. Regarding the phys-
ical treatment methods, the non polar and hydro-
phobic nature of many EDCs chemicals causes
them to sorb onto particulates. This suggests
that the general effect of wastewater treatment
processes would be to concentrate organic pollut-
ants, including EDCs, in the sewage sludge while
mechanical separation techniques, such as sedi-
mentation, would result in significant removal

from the aqueous phase to primary and secondary
sludges. The result of this is that the treated
wastewater is discharged relatively free of EDCs
but absorbed on sewage sludge which could
constitute a new source of pollution if applied
as fertilizer on agricultural fields [13]. Thus there
is an even increasing interest towards the direction
of developing reliable detection methods [14]
and also treatment processes able to reach final
concentrations in the effluents below estrogenic
limits of these emerging pollutants [13]. The use
of advanced oxidation processes (AOPs) such
as photocatalysis (PC) [15–19], ozone based
technologies [20–21] and ultrasound oxidation
[22–24] have been investigated in respect to their
ability to increase the biodegradability as well as
the detoxification of effluent streams containing
polar and hydrophilic chemicals. 

This paper provides a discussion on waste-
water management and reuse with special reference
to health and regulatory aspects in respect to
EDCs and their removal by photocatalytic oxi-
dation and ultrasound irradiation considering
the Water Framework Directive [1–2], the present
reuse limits for urban wastewaters that are
applied by WHO [25] and those that are applied
in Italy [26]. 

2. Removal of endocrine disrupting 
compounds from urban wastewater using 
photocatalysis and ultrasonic irradiation 
(US) processes 

Photocatalysis is a chemical oxidation process
in which a metal oxide semiconductor immersed in
water and irradiated by near UV light (λ < 385 nm)
results in the formation of free hydroxyl (OH)
radicals. Although several semiconductors exist,
TiO2 is the most widely used catalyst, mainly
because of its photo-stability, non-toxicity, low
cost and water insolubility under most environ-
mental conditions. Photocatalysis process has
been found to be effective for the degradation of
EDCs in wastewater (Table 1). As seen in Table 1,
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Bisphenol A (BPA) was degraded by different
TiO2 photocatalysts at pH values of 3.0 and 10
[17]. The mineralization of BPA was found to be
strongly dependent on the pH. BPA was com-
pletely mineralized at pH 3.0 after 120 min of
UV irradiation. Microtox® toxicity analyses
showed that oxidation intermediates formed at
pH 10 were less toxic compared to the BPA
molecule. Coleman et al. [18] investigated the
effects of silver and platinum metals on the pho-
tocatalytic degradation of several EDCs (natural
estrogens such as 17β-estradiol and estriol,
synthetic estrogens such as 17α-ethynyloestradiol,
xenoestrogens such as bisphenol A, resorcinol and

2,4-dichlorophenol) in water using immobilised
TiO2 and a TiO2 slurry system. The authors found
no effect of the addition of silver or platinum on
the photocatalytic degradation or mineralisation
of the EDCs examined. Therefore they concluded
that it is not required to add expensive metals to
photocatalytic systems for the removal of low
EDCs concentrations. 0.82 mg/L of 7α-ethynylo-
estradiol was degraded at 98% during 3.5 h of
oxidation using 1 g/L of TiO2. 

As shown by Malygina et al. [36], steroid
estrogens, natural β-estradiol (E2) and synthetic
17α-ethynylestradiol (EE2) are easily photocata-
lytically degraded on UV-irradiated TiO2 surface

Table 1
Removal of some EDCs during TiO2 based photocatalytic suspended systems 

aDirect analysis of EDC. 
bTOC measurement. 

Compound Concentration
(mg/L)

Removal
(%)

pH Reaction
time

Catalyst and oxidant 
concentrations 

References

17β-Estradiol 0.82 98a 5.5 3.5 h 1.0 g/L of TiO2 [18] 
Atrazine 25 99a 6.94 60 min 1.0 g/L of TiO2 [27] 
Atrazine 25 86.1a 2.03 60 min 1.0 g/L of TiO2 [27] 
Atrazine 25 67.6a 9.99 60 min 1.0 g/L of TiO2 [27] 
2,4-Dichlorophenol 22.5 96a 6.6 2 h 0.2 g/L of TiO2 [28] 
Methomyl 18 67b 7 400 min 0.2 g/L of TiO2 [29] 
Bisphenol A 100 63a 6 1 h 10 g/L of TiO2 [30] 
Bisphenol A 20 95a 3 1 h 2 g/L of TiO2 (pH = 3) [17] 
Bisphenol A 20 99a 10 1 h 2 g/L of TiO2 (pH = 3) [17] 
Bisphenol A 20 62.5b 3 1 h 2 g/L of TiO2 (pH = 3) [17] 
Bisphenol A 20 12.5b 10 1 h 2 g/L of TiO2 (pH = 3) [17] 
Aldrin 5 71a – 8 h 0.2 g/L of TiO2 [31] 
Aldrin 5 68a – 8 h 0.2 g/L of TiO2 + 3 g/L H2O2 [31] 
Aldrin 5 90a – 8 h 0.2 g/L of TiO2 + 6 g/L H2O2 [31] 
Malathion 70 50a – 1 h 0.1 g/L of TiO2 [32] 
Atrazine 90 81a – 4 h 0.1 g/L of TiO2 [32] 
Lindane 0.1 99a 7.3 30 min 0.5 g/L of TiO2 [33] 
3-Amino-2-chloropyridine 64.2 98a 4.6 1.5 h 2 g/L of TiO2 [34] 
3-Amino-2-chloropyridine 321.2 98a 4.6 7 h 2 g/L of TiO2 [34] 
Malathion 10 94a 7 250 min 1 g/L of TiO2 [35] 
Diazinon 10 99a 7 220 min 1 g/L of TiO2 [35] 
Malathion 10 99a 7 3 h 1 g/L of TiO2 + 20 mg/L H2O2 [35] 
Diazinon 10 99a 7 160 min 1 g/L of TiO2 + 20 mg/L H2O2 [35] 
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at very low (10 mg/L) concentrations of the
photocatalyst. No degradation of urea was
observed during their study on the TiO2 surface
under the experimental conditions. The alkaline
media exhibited the highest efficiency in both
photocatalytic oxidation and adsorption of steroid
estrogens. 

The photodegradation of the two natural female
hormones, estrone (E1) and 17β-estradiol (E2) was
studied in two UV-photo-reactors in the presence
of TiO2 by Zhang and Zhou [37]. The degradation
of E1 and E2 followed the pseudo-first-order
kinetics. More rapid degradation was observed in
reactor 2 (15 W) where 98% of both compounds
disappeared within 1 h, due to the shorter wave-
length of UV-light in reactor 2 (fixed at 253 nm)
than in reactor 1 (238–579 nm). The effects of
different initial chemical concentrations, pH
value, the presence of dissolved organic matter
and hydrogen dioxide, and the catalyst concen-
tration on the degradation rate of E1 and E2 in
aqueous solutions were assessed in detail. The
findings showed that the extent of photodegrada-
tion of E1 and E2 was increased when pH value
increased from 2 to 7.6. The presence of humic
acid enhanced the degradation of E1 and E2 in
both reactors as a result of the photosensitisation
effect of humic acid chromophore. The degrada-
tion rate also increased with an increase in H2O2

concentration or increasing catalyst concentration.
The results therefore suggest that photocatalysis
can be a very effective method for rapidly
removing certain EDCs from water. 

The photocatalysed degradation of various
selected pesticide derivatives, namely N,NDimethyl-
α-phenyl benzene acetamide (Diphenamid),
1,2-diethyl phthalate (DEP), 5-bromo-3-sec.
butyl-6-methyl uracil (Bromacil), 3-tert-butyl-
5-chloro-6-methyluracil (Terbacil), and 2,4,5-
tribromoimidazole (TBI), as well as that of two
selected priority organic pollutants, namely ben-
zidine and 1,2-diphenyhydrazine (DPH) has been
investigated in aqueous suspensions of titanium
dioxide (TiO2) under a variety of conditions

employing a pH-stat technique by Muneer and
Bahnemann [38]. The degradation was studied by
monitoring the change in substrate concentration
of each model compound employing HPLC analy-
sis and the decrease in total organic carbon (TOC)
content, respectively, as a function of irradiation
time. The degradation kinetics were studied under
different conditions such as reaction pH, substrate
and photocatalyst concentration, type of TiO2

photocatalyst and the presence of alternative
additives such as H2O2, KBrO3 and (NH4)2S2O8

besides molecular oxygen. The degradation rates
and the photonic efficiencies were found to be
strongly influenced by the above parameters. 

It is true to say that only very recently has
considerable interest been shown in the application
of an innovative treatment for hazardous chemi-
cal destruction based on the use of ultrasound.
The chemical effects of ultrasound derive from
acoustic cavitation, i.e., the formation growth and
implosive collapse of cavitation bubbles in a
liquid. Extreme temperatures of several thousand
degrees and pressures of several hundred atmo-
spheres are developed locally within the bubbles
during their collapse with these bubbles serv-
ing as hot spot microreactors in an otherwise
cold liquid. Destruction of chemicals is usually
achieved through a combination of pyrolytic
reactions occurring inside or near the bubble and
hydroxyl radical-mediated reactions occurring
in the liquid bulk [39]. 

Linear alkylbenzene sulfonates (LAS) are the
worlds most widely used synthetic detergents in
both household and industrial cleaning products.
Thus these compounds are frequently found in
urban wastewaters. Although they are not char-
acterised as EDCs, might break down to EDCs
and therefore there is a need to be removed from
the wastewaters. The decomposition of sodium
dodecylbenzene sulfonate (SDBS) in water by
means of ultrasound irradiation at 20 kHz has
been investigated by Abu-Hassan et al. [23].
Experiments were conducted at surfactant con-
centrations of 175, 260 and 350 mg/L, liquid
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volumes of 120, 170 and 220 mL, temperatures
of 20, 30 and 45°C and applied power of 40, 80
and 125 W. The extent of degradation was fol-
lowed by monitoring the substrate and organic
carbon concentrations, while hydrogen peroxide
concentration was also measured. Eighty percent
SDBS conversion was achieved after 120 min of
sonication at 125 W and 30°C; nonetheless,
SDBS and its degradation intermediates proved
difficult to oxidise as only about 20–25% of the
initial carbon content was transformed to carbon
dioxide. Degradation appears to occur at the
bubble-liquid interface through hydroxyl radical-
mediated reactions whose role was established
by performing experiments in the presence of
radical scavengers, namely potassium bromide and
sodium benzoate. Degradation was increased
with increasing power and decreasing temperature
and volume. 

The ultrasound induced destruction of a mix-
ture of estrogen compounds in aqueous solutions
was studied in a batch reactor using a 0.6 kW
sonication unit and in a continuous flow reactor
using a 1.0 kW sonication unit by Suri et al. [40].
Increasing the temperature and fluid pressure
was detrimental to the reaction efficiency. The
initial destruction was faster at pH 3.0 than pH
and 7.0 and 9.0, while the final efficiencies were
similar after about 20 min. Under high initial
concentration of 290 μg/L, the initial degradation
was fast, while the following reaction proceeded
slowly. The pseudo first-order rate constants in
2.0 kW systems, under pH 3.0, 7.0 and 9.0 with
individual initial concentration of 1 μg/L, and
10 μg/L were reported. The tendency of estrogens
to be degraded by sonolysis in pH 7.0 mixture
solution under the studied conditions was
17α-dihydroequilin > 17α-estradiol > equilin >
estrone > 17β-estradiol > ethinyl estradiol >
gestodene > levonorgestrel/norgestrel. Under
initial concentration of about 0.5 mg/L of each
estrogen compound spiked in pharmaceutical
wastewater, the estrogens removal ranged from
40 to 80%. 

Two advanced oxidation processes (AOPs),
Fenton’s reagent and ultrasonic cavitation, were
tested for the degradation of bisphenol A (BPA)
by Torres et al. [41]. Ultrasound was performed
at 300 kHz and 80 W, while Fenton process was
operated using ferrous sulphate 100 μmol/L and
continuous H2O2 addition at the same rate as it is
produced in the sonochemical method. Experi-
ments carried out in deionised water show that
both processes exhibit identical BPA elimination
and primary intermediates, indicating the pre-
dominance of the same reaction way: •OH radical
attack. Chemical oxygen demand (COD) and
total organic carbon (TOC) analyses show that
the Fenton process is slightly more efficient for
removal of BPA by-products in deionised water.
However, in experiments conducted in real
natural water containing neutral pH and high
ion concentrations the Fenton process was com-
pletely inhibited while the ultrasonic one was
not hampered. Conversely, at relative low BPA
concentrations the ultrasonic treatment was more
efficient in the natural water than in the deionised
one. This unexpected result was attributable to
bicarbonate species present in the natural water. 

Concluding, it can be said that the use of AOPs
seems to be efficient in degrading and removing
EDCs and therefore could be applied in treatment
and reuse schemes where the final effluent to be
reused must be of high purity (Table 1). In any case
though, the total dissolved solids (TDS) which can
potentially be increased if AOPs are applied have
to be removed before any reuse application. 

3. Reuse limits  

Wastewater reuse is a resource of growing
global importance which must be carefully man-
aged in order to obtain substantial benefits and
to minimise serious risks. In 1996 the EPA formed
the Endocrine Disruptor Screening and Testing
Advisory Committee (EDSTAC) to recommend
a conceptual framework, priorities, screening and
testing methodologies for EDCs. In 2001, the
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EPA formed the Endocrine Disruptor Methods
Validation Subcommittee (EDMVS) to evaluate
the battery of test suggested by EDSTAC.
California is considering establishing regulations
based on the potential impacts of EDCs and Phar-
maceuticals and Personal Care Products (PPCPs),
where municipal wastewater effluent is recycled
for indirect potable reuse. Because California’s
criteria often establish precedents for programs
throughout the world, other regulatory agencies
will likely adopt similar choices in their own
water recycling programs [42]. 

Although several studies have shown that
EDCs represent a threat for both the humans and
environment, for many of EDCs no reuse standards
exist in many countries yet. While the WFD [1]
leads the Member States towards the promotion
of (1) wastewater reuse through, i.e., reuse for
irrigation, (2) lower water consumption and (3)
recycling of processed wastewater in industries,
and also despite the fact that many of the EDCs
are included in lists referring to environmental
quality standards for surface water quality [2],
no European regulations on water reuse have been
set yet. These legislative actions are expected how-
ever to promote the removal of EDCs before final
discharge or reuse in the near future. In Italy,

very strict limits for municipal wastewater reuse
are set (Table 2). However the limits are not
categorised according to the reuse application. 

It is obvious that in every wastewater treat-
ment and reuse scheme, protecting public health
is critical. The overall conclusion from the epide-
miological data on adverse effects on human
health from EDCs is that in general, low level
environmental exposure to EDCs has not yet been
demonstrated to cause harm. However pharma-
cological dosing with estrogens (particularly
diethylstilbestrol), accidental and occupational
exposure to agricultural chemicals, industrial
chemical accidents and accidental consumption
of contaminated foodstuffs have been clearly
associated with harm [5]. Although the scientific
community is far from establishing consensus
on the adverse human health effects from EDCs,
some scientists for example suggest that certain
drinking water disinfection by-products (DBPs)
may act as EDCs [43]. 

The stability and persistence of some EDCs
contribute to the increased ground and surface
water contamination and bioaccumulation risk
in the trophic chain [13]. For this reason waste-
water that could come in contact with the public
should be appropriately treated to increase EDCs

Table 2
Limits for reuse of wastewater in Italy concerning EDCs and some other persistent compounds as well as microbiological
concerns [26]  

Parameter Unit Limit Parameter Unit Limit

Total phenols mg/L 0.1 Benzene mg/L 0.001
Pentachlorophenol mg/L 0.003 Benzo(a)pyrene mg/L 0.00001
Total aldehydes mg/L 0.5 Total organo-nitrogen-solvent mg/L 0.01
Tetrachloroethylene + trichloroethylene mg/L 0.01 Total surfactants mg/L 0.5
Total chlorinated solvents mg/L 0.04 Chlorinated pesticides (each) mg/L 0.0001
THMs mg/L 0.03 Phosphorated pesticides mg/L 0.0001
Total aromatic organic solvent mg/L 0.01 Other pesticides (total) mg/L 0.05

Microbiological parameters Unit Limit

Escherichia coli UFC/100 mL 10 for the 80% of samples, 100 maximum value
Salmonella – Absent for the 100% of samples
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removal and reduce potential for by-product
formation (DBPs). The strict Italian wastewater
reuse limits are able to monitor the disinfection
by-products formation before discharging the
treated effluent. Although the removal of some
of EDCs is evaluated in respect to disinfection
(chlorination) as seen in Table 3, there are still
intensive studies currently carried out to monitor
EDCs before and after the disinfection process. 

4. Discussion  

Although AOPs were found to be effective to
mineralize many organic compounds reducing
the TOC of effluents, in many cases, they can
cause harmful by-products formation in the
effluent [44]. Therefore, the optimization of the
efficiency of these processes gains importance
not only for the economic viewpoint but also for
safe disposal of the treated effluents. Another
point to keep in mind is that, the effluent pro-
duced by various AOPs process though not toxic,
might after final disinfection be transformed to a
toxic one. This is an important issue since the
interferences of many emerging pollutants in
wastewater (i.e., EDCs formation during disin-
fection) have not been described well yet due to
the complex mixture composition of wastewater.
The presence of DBPs should be evaluated in
particular when the effluent is to be reused. In
fact, a recent study compared the differences
in DBPs formation potentials (DBPFP) between
a wastewater effluent and surface water by means

of chlorine use [45]. Surface water samples
with higher anthropogenic impacts were found
to have higher overall DBPFP primarily due to
the higher concentration of dissolved organic
carbon. On the other hand, although effluent-
derived organic matter was found to be less
reactive with chlorine, it had higher proportions
of brominated DBP, which may be associated
with greater health risks [45]. 

As seen in Table 1 photocatalytic process is
very promising to remove many of EDCs. How-
ever these studies should be evaluated on the
basis of complex and mixed matrices such as
real fresh water, wastewater, and sludge. This
process has been applied in full scale using solar
energy to destruct EU priority pollutants [46].
Although this process was found very effective
for microbial removal [47], (i.e., as the tertiary
treatment at UWWTPs), the reactivation of
bacteria needs to be hindered by disinfection
before reuse. In this case the interaction among
the by-products and the chlorine should be con-
sidered. The other promising innovative AOP is
US which can result in the partial degradation or
removal of EDCs. However there have been no
large scale applications in respect to this process
so far. Thus, the data related to this method
should be refined with further and more in-depth
investigations. 

Recent investigations in aqueous solutions to
degradate some biorecalcitrant pesticides (alachlor,
atrazine, chlorfenvinfos, diuron, isoproturon
and pentachlorophenol) by homogeneous and

Table 3
Removal of some EDCs during chlorination [13 and literature cited therein]  

aWastewater from secondary treatment. 
bSynthetic water. 

Compound Concentration Removal (%) Reaction time Added use

17β-Estradiol 50 μg/La 100 10 min 1.46 mg/L of sodium hypochlorite
17β-Estradiol 10−7 Mb 100 36 h 1.5 mg/L of chlorine
17β-Ethinylestradiol 0.02 mmol/Lb 0 5 min 1 mmol/L of chlorine
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heterogeneous photocatalytic ozonation showed
that this combination was found as the most
efficient technique [48]. The same pesticides
were introduced to a combined process of ozone
and photo-Fenton reagents to increase their biode-
gradability efficiently as alternative AOPs [49].
However, their possible use for the final effluent
also can be investigated in further studies. 

5. Conclusions  

EDCs have been a general concern and they
are currently being investigated in different
aspects. The removal of them has not been
achieved adequately in conventional chemical
and biological processes and/or their sorption
capacity on the sludge causes further concerns for
sludge management. Therefore various advanced
oxidation processes (AOPs) have been investi-
gated to remove them from water and wastewater.
In particular, photocatalysis and ultrasound
oxidation technologies have been found to be
effective in respect to the removal of these com-
pounds in aqueous solutions and with some
exception for photocatalysis at full scale plants.
Therefore these methods can contribute towards
the production of safer effluents for reuse. The
application of these processes on actual mixed
matrices needs to be further investigated and
the combined application of AOPs with biolog-
ical treatment merits further investigation so as
to optimise the technical efficiency and the cost
as well. 

The wastewater reuse guidelines have to be
upgraded so as to take into consideration the
fate of EDCs, emerging pollutants and also that
of the various disinfection by-products. Therefore
the need for more detailed analytical and toxico-
logical supporting data is crucial. Furthermore,
standardised analytical methods for the determi-
nation of EDCs and other emerging pollutants
should be developed in respect to all relevant
environmental matrices, i.e., water, wastewaters,
sludge and sediments. 
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