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• Literature since 2010 on PCP analysis
and occurrence in marine biota is
reviewed.

• Methods are critically compared, focus-
ing on the complex solute-matrix inter-
actions.

• Concentrations and detection frequen-
cies of PCPs in various organisms are
discussed.

• Reviewed data showed significant dif-
ferences in PCP occurrence among
world's areas.

• A limited dataset on PCPs in biota from
different world's areas is herein
evidenced.
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Contamination of the aquatic environment caused by multiple human activities may exert a negative impact on
all living organisms. Several contaminants of emerging concern such as personal care products (PCPs) are contin-
uously released into the aquatic environment where they are biologically active and persistent.
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This work reviews the current knowledge, provided by papers published after 2010 and indexed by SciFinder,
Scopus, and Google search engines, about the determination and occurrence of PCPs in marine biota. Analytical
methodologies have been critically reviewed, emphasizing the importance of green and high-throughput ap-
proaches and focusing the discussion on the complexity of the solute-matrix interaction in the extraction step,
as well as thematrix effect in the instrumental determination. Finally, the worldwide distribution of PCPs is sur-
veyed, taking into account the concentrations found in the same organism in differentmarine environments. Dif-
ferences among various world areas have been highlighted, evidencing some critical aspects from an
environmental point of view.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

In recent years, pollution of aquatic environment is of great concern
as it potentially adverse affects human health or ecosystem security.
This is due to the large variety of suspect pollutants that have harmful
effects over aquatic life. In fact, the 2030 Agenda for Sustainable Devel-
opment of the UN has a key topic named “life below water” (United
Nations General Assembly, Resolution 25 September, 2015), and one as-
pect of this topic is the reduction of marine pollution affecting aquatic
organisms. There is considerable evidence of the negative effect that
the occurrence of a broad spectrum of compounds, both natural and
synthetic, has produced on aquatic life. The list of suspected contami-
nants is long, so humans and animals are likely to be exposed not to a
single agent, but to a mixture of multiple compounds (Backhaus et al.,
2011; Petersen et al., 2014).

There are regulatory frameworks tomanage potential sources of pol-
lution that requiremonitoring of a number of “priority” organic contam-
inants in the aquatic environment (2013/39/EC Directive of the European
Parliament and of the Council of August 2013, n.d.). Other compounds
(e.g. 2-ethylhexyl 4-methoxycinnamate and butylated hydroxytoluene)
have been recently included in the watch list of substances to be moni-
tored in the European Union within the topic of water policy (2015/495
Commission Implementing Decision, 2015). However, there are a huge
number of contaminants (largely organic compounds) that are not cur-
rently subject to the same degree of regulation in Europe. The same sit-
uation occurs elsewhere in theworld. The US Environmental Protection
Agency (EPA), has recently promoted studies aimed at identifying con-
stituents of personal care products (e.g., cosmetics, soaps, hair sprays
and shampoos) with potential endocrine disrupting activity, so as to in-
clude them in the contaminant candidate list (CCL-3). The constituents
under examination are phthalates, parabens, ultraviolet (UV) filters,
synthetic polycyclic musks, and antimicrobials. While some threshold
values have already been established for some organic micropollutants,
guide values are not yet available for these emerging contaminants
(ECs), due to the lack of knowledge on the environmental toxicity,

impact and behavior, as well as limited monitoring data. Moreover,
from an ecotoxicological point of view, a realistic scenario should con-
sider that ECs are present in the environment as a complex mixture of
components, thus posing a possible risk of increased toxicity owing to
synergism or antagonism phenomena (Bebianno and Gonzalez-Rey,
2015).

For this reason, ECs should be considered as compounds of partic-
ular environmental concern. This term is used not only for newly de-
veloped chemicals, but also for compounds that only recently been
have classified as contaminants (CDC, Third national report on
human exposure to environmental chemicals, 2005; Lapworth et al.,
2012). ECs include a wide array of different compounds, as well as
metabolites and transformation products. Among “new” organic pol-
lutants, personal care products (PCPs) are a worrying group of com-
pounds, due to their toxic effects on aquatic biota (Hall et al., 2007;
Tolls et al., 2009). Currently, some of these pollutants are considered
pseudo-persistent owing to their continuous release into the envi-
ronment. PCPs may be absorbed by the body and excreted or washed
off after their application and a significant amount of these products
goes down the drain and enters in wastewater treatment plants
(WWTPs). The effluents of these systems are considered the greatest
input to aquatic environment contamination by anthropogenic pol-
lutants, and particularly of recalcitrant PCPs (Brausch and Rand,
2011). The environmental fate of these substances depends mainly
on their physicochemical properties, that play an important role in
the occurrence in marine environment, such as water solubility, ad-
sorption behavior, volatility and degradability, which is affected by
microorganisms (biological degradation) present in WWTPs, surface
waters, and soils.

PCPs are present primarily at trace levels in the environment. How-
ever, recent studies have indicated that many of them are environmen-
tally persistent, bioactive, and exhibit high bioaccumulation potential in
aquatic organisms (Cortez et al., 2012). Moreover, numerous PCPs (in-
cluding triclosan, paraben preservatives and ultraviolet filters) evi-
denced endocrine disrupting effects in aquatic organisms and thus
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