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a b s t r a c t

Emerging contaminants (ECs) and regulated compounds (RCs) from three different WWTP effluents were
measured in the current study. The efficiency of two tertiary treatments, Photobiotreatment (PhtBio) and
Multi-Barrier Treatment (MBT), for removing contaminants was determined. Results indicated different
percentages of removal depending on the treatment and the origin of the effluent. Risk Quotients (RQs)
were determined for different species of algae, Daphnia, and fish. RQ results revealed diverse risk values
depending on the bioindicator species. Tonalide, galaxolide (fragrances), and ofloxacin (antibiotic) were
the most persistent and harmful substances in tested effluents. “Negligible risk” category was reached
since a wide diversity of ECs were removed by MBT with high removal percentages. Contrarily, PhtBio
was effective only in the depuration of certain chemical compounds, and its efficiency depended on the
composition of the raw effluent.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Currently, detection of emerging contaminants (ECs) at very low
concentrations due to the advances in analytical techniques, has
revealed a worldwide issue (Stuart et al., 2012). During the last
decade, research studies regarding the environmental impact of
chemical pollution have switched from conventional priority con-
taminants to compounds that are present at lower concentrations
as ECs (Papa et al., 2013). Municipal effluents have been recognized
as a major source of many environmental contaminants such as
regulated compounds (RCs) including: polycyclic aromatic hydro-
carbons (PAHs), polychlorinated biphenyls (PCBs), pesticides

(Pintado-Herrera et al., 2014); or heavymetals (Fu andWang, 2011).
Recently, pharmaceutically active compounds (PhACs) and

personal care products (PCPs), among other ECs, have been iden-
tified in municipal effluents (Lara-Martín et al., 2014; Maranho
et al., 2015; Pintado-Herrera et al., 2014). Adverse effects have
been reported in previous publications for aquatic environments
such as neuroendocrine, mutagenic, or health effects due to the
exposition of ECs (e.g. François et al., 2015; Quinn et al., 2011).
Additionally, several ECs (e.g. synthetic musks) are persistent and
bio-accumulative due to their hydrophobicity, even though it oc-
curs at very low concentrations (mgeng/L) (Deblonde and
Hartemann, 2013). Hydrophobic compounds come into the
aquatic organisms through different pathways like gills or cellular
walls to their circulatory fluid (Lee et al., 2015). Presence of these
xenobiotics activates the defensive mechanism of the organisms
and provokes metabolic responses, and consequently adverse ef-
fects in their bodies. Likewise, recent studies of PCPs have docu-
mented adverse effects in aquatic biota exposed to wastewaters
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(e.g. Vallecillos et al., 2015).
Worldwide consumption of substances containing ECs has

increased along with their detection in wastewater and receiving
aquatic ecosystems (Lara-Martin et al., 2015; Maranho et al., 2015).
Following the legislation requirements, WWTPs are designed to
eliminate suspended solids, organic matter, and nutrients. Never-
theless, several studies have pointed out that conventional meth-
odologies used to depurate municipal wastewater treatment plant
(WWTPs) effluents are generally unable to effectively remove ECs
(Gracia-Lor et al., 2012; Verlicchi et al., 2012b).

In recent years, many international research groups and
governmental institutions have directed their efforts on assessing
together the environmental quality of wastewater discharges and
the potential adverse effects on the receiving ecosystems. More-
over, researchers have also focused on the incorporation of an
additional tertiary treatment to the traditional ones in order to
achieve a higher level of depuration aiming to remove specific
groups of chemicals, pathogens, etc. that are not removed with

traditional technologies (Gupta and Thakur, 2015).
Together with the sequestration of heavy metals (Suresh Kumar

et al., 2015), organic pollutants (Hemalatha and Venkata Mohan,
2016) and pathogen organisms (García et al., 2008), the use of
microalgae biotechnology for wastewater treatment is particularly
attractive because of its photosynthetic capabilities, producing
useful biomass using solar energy and incorporating nutrients
(nitrogen and phosphorus) causing eutrophication (Mennaa et al.,
2015).

Using microalgae for wastewater treatment was first published
sixty years ago by Oswald and Gotaas (1957). Since then, it has been
intensively tested and nowadays there are some examples of full-
scale application of microalgae processes in WWTP (e.g. EU FP7
ALL-GAS project, n� ENER/FP7/268208) (All-Gas, 2016). The main
disadvantages of the traditional advanced Biological Nutrient
Removal technologies (BNR) for nutrients removal are high costs,
complex operation and great volume of waste sludge production
(Lugowski et al., 2007). In the case of tertiary treatments for
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