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• PCPs have been found in all the conti-
nents as EPs in aquatic ecosystems.

• Fragrances, insect repellants and anti-
septics were the most reported PCPs in
water.

• Several PCPs exhibited concentrations
above the toxicity threshold for some
species.

• The information about the impact of
PCPs in groundwater is very limited.
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Personal care products (PCPs) are a diverse group of common household substances used for health, beauty and
cleaning purposes. These include disinfectants, fragrances, insect repellents, preservatives and UV filters, among
others. Some of them are considered chemicals of emerging concern due to their presence and negative impact
on aquatic ecosystems, specially related to endocrine disruption and reproductive disorders. The entry of those
chemicals to water bodies occurs mainly through the sewage effluents from wastewater treatment plants due
to their incomplete or inefficient removal. The purpose of this review was to collect and analyze data about the
incidence and concentrations of PCPs reported as emerging pollutants in different water matrices, including
wastewater influents and effluents. Our database is composed of 141 articles with information about 72 PCPs
recorded as emerging pollutants in 30 countries, in concentrations ranging from 0.029 ng/L to 7.811 ×
106 ng/L. Fragrances, antiseptics and sunscreens were the most reported groups. As expected, the largest
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number of PCPs documented as emerging pollutants were found in wastewater treatment plant effluents with a
total of 64 compounds, compared to 43 in surface water and 23 in groundwater, which evidence the anthropo-
logical contribution of PCPs to water bodies. These molecules were found in all the continents, however, there
is a lack of information regarding the presence of emerging pollutants from PCPs in developing countries. There-
fore, we suggest further efforts in assessing the occurrence and concentrations of these chemicals in those areas.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Water pollution by emerging pollutants (EPs) has gained interest
since 1990, however they are not regularly monitored because of the
lack of controlling requirements and high analytical cost (Cabeza et al.,
2012). These chemicals are released to the environment mainly from
anthropogenic sources (Sim et al., 2011), and are defined by the Envi-
ronmental Protection Agency of US (US-EPA) as new compounds with-
out regulatory status andwhich impact on the environment and human
health is poorly understood (Deblonde et al., 2011). These include a
broad range of species such as personal care products (PCPs), pharma-
ceuticals, nanoparticles, antibiotic resistant genes and industrial com-
pounds, among others (Bo et al., 2016; Magi and Di Carro, 2016).

PCPs along with pharmaceuticals are the two major classes of
emerging pollutants from urban sources, contaminating soils and
aquatic ecosystems tainted by raw or treated wastewater (Bester,
2004; Blair et al., 2013a; Cabeza et al., 2012; Corada-Fernández et al.,
2015; Yang et al., 2011). PCPs include a large number of synthetic
chemicals used in everyday products such as soaps, lotions, toothpaste,
fragrances, cosmetics and sunscreens (Brausch and Rand, 2011;
Comerton et al., 2009; Kolpin et al., 2002). The extensive use of them,
improperly disposal, and inefficient treatment of urban wastewater
contribute to the contamination of water bodies by PCPs and their me-
tabolites (Basu andGupta, 2010; Chalew andHalden, 2009; Kolpin et al.,
2002; Nakada et al., 2007; Nakada et al., 2006; Okuda et al., 2008;
Roberts et al., 2016; Stasinakis, 2012; Sun et al., 2015; Tolls et al.,
2009; Ying et al., 2007; Yu et al., 2013). A diagram showing the environ-
mental dynamics and fate of PCPs is presented in Fig. 1.

The largest contributing sources of PCPs to aquatic environments are
sewage effluents from wastewater treatment plants (WWTPs) (Blair
et al., 2013a; Liu and Wong, 2013), in particular, because several of
them cannot be completely degraded by the waste water treatment
process (Blair et al., 2015; Blair et al., 2013a; Carballa et al., 2004;
Meador et al., 2016; Moldovan, 2006; Ternes et al., 1999). This is
concerning, as treated effluents are generally discharged into receiving

waters, including small streams, rivers, lakes and groundwater; and
there are even places where the wastewater is released into the
environment without previous treatment, being directly discharged
into riverine habitats or water bodies (Chalew and Halden, 2009;
Sodré et al., 2010; Ying and Kookana, 2007; Zhou et al., 2009).

The contamination of the water reservoirs by PCPs is of interest due
to their potential toxicity to aquatic ecosystems and human beings, as
many of them have been reported as environmental persistent, bioac-
tive, bioaccumulative and endocrine disrupting compounds (Blair
et al., 2013b; Cabeza et al., 2012; Celano et al., 2014; Díaz-Cruz and
Barceló, 2015; Moldovan, 2006; Niemuth and Klaper, 2015; Yu et al.,
2013). In addition, physicochemical properties such as the n-octanol/
water partition coefficient (Kow), the degradation rate and the organic
carbon normalized sediment/water partition coefficient (Koc)

Fig. 1. Sources and pathways of PCPS. Adapted from (Ellis, 2006).
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