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• Studies about analysis and occurrence of UV-filters in environment were reviewed.
• River water showed the highest and broadest UV-filter concentrations.
• UV-filters are poorly studied in soil and sediments, but detected in the μg/L range.
• Tens to thousands of ng/g of BP3 were detected in aquatic biota.
• Benzophenone derivatives are the most studied and detected compounds.
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UV-filters are a group of compounds designed mainly to protect skin against UVA and UVB radiation, but
they are also included in plastics, furniture, etc., to protect products from light damage. Their massive use
in sunscreens for skin protection has been increasing due to the awareness of the chronic and acute effects
of UV radiation. Some organic UV-filters have raised significant concerns in the past few years for their con-
tinuous usage, persistent input and potential threat to ecological environment and human health. UV-filters
end up in wastewater and because wastewater treatment plants are not efficient in removing them, lipophilic
compounds tend to sorb onto sludge and hydrophilics end up in river water, contaminating the existing biota.
To better understand the risk associated with UV-filters in the environment a thorough review regarding their
physicochemical properties, toxicity and environmental degradation, analytical methods and their occurrence
was conducted.
Higher UV-filter concentrations were found in rivers, reaching 0.3 mg/L for the most studied family, the benzo-
phenone derivatives. Concentrations in the ng to μg/L range were also detected for the p-aminobenzoic acid,
cinnamate, crylene and benzoyl methane derivatives in lake and sea water. Although at lower levels (few
ng/L), UV-filters were also found in tap and groundwater. Swimming pool water is also a sink for UV-filters
and its chlorine by-products, at the μg/L range, highlighting the benzophenone and benzimidazole derivatives.
Soils and sediments are not frequently studied, but concentrations in the μg/L range have already been found es-
pecially for the benzophenone and crylene derivatives. Aquatic biota is frequently studied and UV-filters are
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found in the ng/g-dw rangewith higher values for fish andmussels. It has been concluded thatmore information
regardingUV-filter degradation studies both inwater and sediments is necessary and environmental occurrences
should be monitored more frequently and deeply.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

In the past few years, concern for sunburns, premature skin aging
and the risk of developing skin cancer has raised and ultraviolet (UV)
radiation has been considered a public health threat. UV radiation can
reach the earth surface in both UVA (315–400 nm) and UVB (280–
315 nm) ranges, while solar light UVC (200–280 nm) is absorbed by
ozone in the stratosphere (Kim and Choi, 2014).

UV-filters are compounds designed mainly to protect our skin
against damage byUVA andUVB radiation. These compounds can either
be organic (chemical) absorbers or inorganic (physical) blockers, de-
pending on the basis of their mechanism of action. Organic UV-filters
absorb UV radiation and the absorbed energy produces an excited
state of the molecule, giving it higher energy content. The excess of en-
ergy is dissipated by emission of higher wavelengths or relaxation by
photochemical processes, for example isomerisation and heat release
(Abdelraheem et al., 2015). Inorganic sunscreens, like titanium dioxide
and zinc oxide, protect the skin by reflecting and scatteringUV radiation
(Crista et al., 2014). In this review, only organic UV-filters are consid-
ered because of their frequent use at higher quantities.

Although UV-filters are mainly incorporated in cosmetics (such as
sunscreen lotions, skin care, facial makeup and lip care products), they
are also included in a wide range of products including plastics,
adhesives, paint and rubber in order to protect from UV degradation
(Brooke et al., 2008; Gackowska et al., 2014). Personal care products
with a high sun protection factor (SPF) values are the most popular
among consumers; however, the ‘false’ sense of protection leads to
prolonged sun exposure. In order to enhance the SPF values, several
combinations of UV-filters are used (both organic UVA and UVB and in-
organic) and their total concentration in the final products increased.
This results in an increased population exposure to a higher and greater
diversity of UV-filters (Chisvert et al., 2001; Manova et al., 2013).

At some point, the majority of cosmetic products will find their
way intowastewater (due to bathing andwashing activities) and conse-
quently into rivers, lakes and ocean, so it is not surprising that UV-filters
are found in the environment (Abdelraheem et al., 2015; Duirk et al.,

2013). A schematic of the major pathways of UV-filters in the environ-
ment was presented by Giokas et al. (2007) and can be completed
with the understanding of the urban water cycle presented by Pal
et al. (2014). UV-filters are very persistent in the environment due to
their massive use and physicochemical properties (Liu and Wong,
2013; Rodil et al., 2009a) and their environmental issues are related
mainly to their endocrine disrupting potential, systemic circulation
and probable exposure of all tissues in the body in humans (Krause
et al., 2012), mammals (Schlumpf et al., 2004), amphibian and also
fish (Blüthgen et al., 2014).

The first review specifically oriented to UV-filters appeared in
1999 by Daughton and Ternes and the second in 2007 by Giokas
et al. However, other reviews regarding specific topics under UV-
filters also exist, such as BP3 (Kim and Choi, 2014), UV-filter trans-
formation products (Santos et al., 2012) and UV-filter occurrence in
biota (Gago-Ferrero et al., 2012). Overviews of analytical methods for de-
termining UV-filters in cosmetic products (Salvador and Chisvert, 2005),
human samples (Jiménez-Díaz et al., 2014) and advanced aspects of
current LC–MS/MS methodology (Gago-Ferrero et al., 2013a) were also
published, aswell as regarding toxicity of fewUV-filters in the aquatic en-
vironment (Brausch and Rand, 2011).

Therefore, the main objective of this review is to summarize the
scattered information about the utilization of UV-filters and to explain
why this class of compounds has raised so much concern in the past
years. It is also expected to summarize and analyze the UV-filter profiles
in several matrices (water, soil, sediments and biota), describe the ana-
lytical methods most used and analyze the overall distribution and fate
of UV-filters in the environment.

2. UV-filter characterization

2.1. Chemistry

The most used UV-filters in today's worldwide industry and the
most detected in environmental matrices are represented in Fig. 1,
according to their chemical family. Those whose use in cosmetics is
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