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h i g h l i g h t s

!We assessed the risk by input of UV filters into marine recreational waters.
! UV filter concentrations measured in beach water ranged between 35 and 164 ng L"1.
! 4-MBC and BP-3 toxicity thresholds to marine organisms were 4–5 lg L"1.
! EHMC and BP-4 were less toxic.
! There is a potential risk to coastal environment for UV filters BP-3 and 4-MBC.
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a b s t r a c t

Due to the concern about the negative effects of exposure to sunlight, combinations of UV filters like
4-Methylbenzylidene-camphor (4-MBC), Benzophenone-3 (BP-3), Benzophenone-4 (BP-4) and 2-Ethyl-
hexyl-4-methoxycinnamate (EHMC) are being introduced in all kind of cosmetic formulas. These chem-
icals are acquiring a concerning status due to their increasingly common use and the potential risk for the
environment. The aim of this study is to assess the behaviour of these compounds in seawater, the tox-
icity to marine organisms from three trophic levels including autotrophs (Isochrysis galbana), herbivores
(Mytilus galloprovincialis and Paracentrotus lividus) and carnivores (Siriella armata), and set a preliminary
assessment of potential ecological risk of UV filters in coastal ecosystems. In general, EC50 results show
that both EHMC and 4-MBC are the most toxic for our test species, followed by BP-3 and finally BP-4.
The most affected species by the presence of these UV filters are the microalgae I. galbana, which showed
toxicity thresholds in the range of lg L"1 units, followed by S. armata > P. Lividus > M. galloprovincialis. The
UV filter concentrations measured in the sampled beach water were in the range of tens or even hundreds
of ng L"1. The resulting risk quotients showed appreciable environmental risk in coastal environments for
BP-3 and 4-MBC.

! 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Emerging pollutants are chemical compounds not usually con-
sidered of interest in routine environmental analysis but that are
becoming of environmental concern because of their increasingly
common use and the potential risk to human and ecosystem
health, including: pharmaceuticals and personal care products,
endocrine disruptors, nanoparticles, industrial chemicals, biologi-
cal metabolites and toxins among these substances (Richardson,
2010; Rosenfeld and Feng, 2011). Due to the increasing concern

about the negative effects of extended exposure to sunlight, com-
binations of several chemicals – what we refer as UV filters – are
being introduced not only into sunscreens but also into all kinds
of cosmetic formulas (creams, shampoos). UV filters are aromatic
compounds such as 4-Methylbenzylidene-camphor (4-MBC),
Benzophenone-3 (BP-3), Benzophenone-4 (BP-4) and 2-Ethyl-
hexyl-4-methoxycinnamate (EHMC) which are extensively used
in common personal care products because they adsorb UV radia-
tion. Composition of cosmetic products in Europe is regulated by
Directive76/768/CEE (EC, 1976), and the maximum content of the
above compounds in commercial products is by law 4% 4-MBC,
10% BP-3, 5% BP-4 and 10% EHMC. In USA the composition is reg-
ulated by US Food and Drug Administration (US Food 2013) and
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stipulates slightly different values for the maximum content of UV
filters, namely: 6% BP-3, 10% BP-4 and 10% EHMC, the use of 4-MBC
is not allowed as a sunscreen component in USA. Some UV filters
are also considered chemicals of concern because they have shown
estrogenic activity in in vitro laboratory tests on fish and other
aquatic organisms (Balmer et al., 2005; Kunz and Fent, 2006; Kunz
et al., 2006; Brausch and Rand, 2011).

To be effective, UV filters must be stable on exposure to UV
radiation, but several studies have reported degradation by photol-
ysis (Diaz-Cruz et al., 2008; Rodil et al., 2008; Richardson, 2010)
and little is known about the toxicity of the degradation products.
UV filters enter the marine environment from discharges of lakes
and rivers (Balmer et al., 2005), from sewage sludge and from di-
rect washing in recreational locations and beaches (Plagellat
et al., 2006; Rodil et al., 2008; Fent et al., 2009). Their use is so
widespread that they are commonly detected in wastewaters,
swimming-pool waters, rivers, lakes and the oceanic superficial
microlayer. However most information about the detection, con-
centration and effects on living organisms comes mainly from riv-
ers and lakes where their high environmental concentration is
increasingly worrying (Balmer et al., 2005; Buser et al., 2006, Fent
et al., 2010). In contrast, data available from marine/coastal ecosys-
tems are very scarce (Langford and Thomas, 2008; Rodil et al.,
2012).

The aim of this study is to assess the behaviour in seawater and
the toxicity to marine organisms of four of the most commonly
used UV filters, 4-MBC, BP-3, BP-4 and EHMC. For the toxicity
assessment four representative test organisms from three different
trophic levels were used. These experiments provide a preliminary
assessment of potential ecological risk of UV filters in coastal eco-
systems, by following risk characterization procedures based on
both the presence of these compounds in the marine environment
and the inherent toxicity of these chemicals tested in laboratory
bioassays. In our knowledge, this is the first risk assessment study
of UV filters conducted in the marine environment.

2. Materials and methods

2.1. Biological material and toxicity tests

All biological materials were provided by ECIMAT (Toralla Mar-
ine Station, University of Vigo), either cultured in the Marine Sta-
tion or collected from the most oceanic part of Ria de Vigo
(Galicia, NW Iberian Peninsula), and conditioned in running seawa-
ter facilities.

A non-axenic culture of Isochrysis galbana provided by ECIMAT
was grown in a 10-fold diluted EDTA-free f/2 medium, and kept
in an incubator at 20 "C with 24 h light cycle (salinity 34 ppt,
P8 mg L"1 dissolved oxygen, pH # 8) until exponential growth
was reached (5–6 days). Increasing concentrations of each one of
UV filters were tested following the procedure proposed by Pérez
et al. (2010a) in 250 mL borosilicate Erlenmeyer flasks in triplicate
and three additional flasks were used as control cultures. Algae
inoculum was added from the 5 L Erlenmeyer flask to an initial cell
density of 7000 cells mL"1. Cell density, was measured after the
72 h of exposure and cell counts were carried out with a Z2 Coulter
Counter particle size analyser (Beckman-Coulter Particle Count and
size analyzer USA). Growth rate (GR) was calculated as described
by Pérez et al. (2010b); GR (day"1) = [ln (initial number cells) " ln
(final number cells)]/t.

Sea urchin (Paracentrotus lividus) embryo-larval test was per-
formed as described by Saco-Alvarez et al. (2010). Gamete matu-
rity was checked under the microscope and only batches of eggs
that were spherical and undamaged, and mobile sperm were used
for the experiments. Fertilized eggs (density 40 mL"1) were

transferred to vials containing the experimental solutions and
were incubated at 20 "C for 48 h until larvae reached the 4-arm-
pluteus stage. Vials were then fixed with two drops of 40% formalin
and observed under an inverted microscope. Measurement of sea
urchin larval growth (n = 35) were recorded. Larval growth was as-
sessed by measuring the maximum dimension in the first 35 indi-
viduals per vial (including embryos), and subtracting the average
diameter of the fertilized eggs.

Mussels, Mytilus galloprovincialis, were induced to spawn by
thermal stimulation in separated beakers with 0.2 lm-filtered sea-
water. Gametes were examined under the microscope, checking
shape and color for eggs and motility for sperm (Beiras and His,
1995). After fertilization 40 eggs mL"1 were transferred to the
experimental vials that were incubated at 20 "C for 48 h until the
second larval stage (D-veliger larvae) is reached (Bellas et al.,
2005). The biological response for mussel bioassay is percentage
of normal D-larvae (n = 100).

Swarms of Siriella armata were maintained in 100 L plastic
tanks. The organisms were fed every two days with nauplii or
metanauplii of Artemia salina. One day before the start of the test,
mature females bearing embryos in the last stage of development,
i.e. in the late post-nauplioid phase (Cuzin-Roudy and Tchernigovt-
zeff, 1985) were separated. The neonates released within 24 h
were used in the tests. Incubations were conducted in 20 mL glass
vials, a single individual per vial were delivered by plastic pipette
in each compartment. A total of twenty individuals were used for
each concentration. Glass vials were incubated in an isothermal
room at 20 "C and 16 h light: 8 h dark photoperiod for 96 h. Neo-
nates were fed daily between 10 and 15 nauplii of 24–48 h. pos-
thatch Artemia salina. Dead mysids were counted after 24, 48, 72
and 96 h. Exposure time was set to 96 h as described in Pérez
and Beiras (2010).

2.2. Experimental solutions

4-Methylbenzylidene-camphor (4-MBC), Benzophenone-3 (BP-
3), Benzophenona-4 (BP-4) and 2-Ethylhexyl-4-methoxycinna-
mate (EHMC) were obtained from Aldrich (Milwaukee, WI, USA)
and Merck (Darmstadt, Germany). UV solution stocks were pre-
pared in Dimethyl sulfoxide (Me2SO) and stored in cold and dark-
ness. Nominal solutions were prepared from stocks in Artificial Sea
Water (ASW) and maintained in darkness during the whole pro-
cess. Me2SO in the experimental solutions was always under 0.1%
(v/v).

2.3. Chemical analysis

Analyses of the stock solutions were performed in order to iden-
tify the stability of the UV filters in solution along the experimental
conditions for each of the bioassays. Some UV filter solutions were
made up again and the whole bioassay procedures were replicated.
T0 samples as well as final samples (48 h for sea urchin and mussel,
24 and 72 h for microalgae and 96 h later for crustacean) were ana-
lyzed within the next 24 h. UV filters determination was performed
by LC–MS, using a LC–QTOF–MS instrument acquired from Agilent
(Wilmington, DE, USA). The LC was an Agilent 1200 Series, consist-
ing of a vacuum degasser unit, an auto sampler, two isocratic high
pressure mixing pumps and a chromatographic oven. The QTOF
mass spectrometer was an Agilent 6520 model, furnished with a
Dual-Spray ESI source. A sample volume of 100 lL was injected
into a Ascentis Express C18 column (50 mm $ 2.1 mm, 2.7 lm par-
ticle diameter; 100 Å pore size) (Supelco) maintained at a constant
temperature of 35 "C. The target compounds were separated at a
flow rate of 0.2 mL min"1 using 5 mM of ammonium acetate in
both, Milli-Q water (A) and MeOH (B). The following binary gradi-
ent was applied: 0–1 min, 5% B; 1–10 min, linear gradient to 100%
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B; 10–12 min, 100% B and finally 12–22 min, 5% B. Nitrogen
(99.999%), used as nebulizing (42 psi) and drying gas (350 "C,
9 L min"1) in the dual ESI source, was provided by a high purity
generator (ErreDue srl, Livorno, Italy). The QTOF instrument was
operated in the 2 GHz (Extended Dynamic Range) mode and com-
pounds were ionized in positive ESI, applying capillary and frag-
mentor voltages of 4000 and 150 V, respectively. The ions with
m/z ratios 229.0859 for BP-3, 255.1743 for 4-MBC and 291.1955
for EHMC were considered for quantification. A reference calibra-
tion solution (Agilent calibration solution A) was continuously
sprayed in the source of the QTOF system, through a second nebu-
lizer. The ions with m/z ratios of 121.050873 and 922.009798 were
considered for recalibrating the mass axis, ensuring the accuracy of
mass assignations throughout the chromatographic run. The Mass
Hunter Workstation software was used to control all the acquisi-
tion parameters of the LC–ESI–QTOF–MS system and also to pro-
cess the obtained data. The method afforded quantification limits
of 2, 1 and 2 ng mL"1 for BP-3, 4-MBC and EHMC, respectively.

2.4. Risk assessment

Following the standard steps of quantitative risk assessment
(US EPA, 2012, 2013), we have identified a hazardous group of sub-
stances used as UV filters, assessed the exposure levels by measur-
ing the environmental concentrations (MEC) in coastal
environments, and quantified their toxicity for marine organisms
representative of three trophic levels using toxicity tests with sen-
sitive early life stages in order to calculate the PNEC (Predicted No
Effect Concentration).

In order to measure the MEC in coastal environments, samples
of sea water from two touristic beaches, Coira and Toralla, from the
Galician rias (NW Iberian Peninsula), were taken in July 2012 and
the concentrations of our target compounds were determined fol-
lowing the procedures detailed elsewhere (Rodil et al., 2009b). In
brief, 200–500 mL of filtered samples were subjected to solid-
phase extraction (SPE) on an Oasis HLB 200 mg cartridge and
eluted with 3 $ 10 mL of MeOH. This extract was evaporated and
reconstituted in 1 mL of MeOH/water (1/1) and 10 lL were in-
jected and analyzed by LC–ESI–QTOF–MS as described previously.
The method afforded quantification limits of 10, 9 and 10 ng L"1 for
BP-3, 4-MBC and EHMC, respectively. Water was sampled with a
previously acid washed (10% H2SO4) and distilled water cleaned
Pyrex bottle at 30 cm depth avoiding the surface microlayer. All
samples were maintained in cold and darkness until analysed.

In order to assess the toxicity of the UV filters for marine organ-
isms we conducted the toxicity tests described above and calcu-
lated the toxicity parameters NOEC (no observed effect
concentration), LOEC (lowest observed effect concentration), EC50

(concentration causing a 50% reduction in the endpoint) and EC10

(concentration causing a 10% reduction in the endpoint) from
dose–response curves, following the statistical methods described
below.

Finally risk was assessed by comparing the EC10 values of the
most sensitive test species for each compound (the so called criti-
cal values) with the measured environmental concentrations
(Meister and Van der Brink, 2000; Beiras and Bellas, 2008). An
assessment/uncertainty factor of 100 that takes into account inter
and intraspecific variably of responses to the compounds analysed
(Fent et al., 2010; US EPA, 2013) was applied to the EC10 threshold
to calculate the PNEC: PNEC = EC10/100. The Risk quotient (R) was
then calculated as the ratio R = MEC/PNEC.

2.5. Statistical analysis

Statistical analyses were conducted using SPSS version 19.0 and
Statistica version 6.0 software. I. galbana cell growth, percentage of

normal D-larvae for mussel, larval size for sea urchin and survival
for the mysids were the endpoints analysed. All data were
corrected by the control response. Normal distribution and homo-
scedasticity of data was checked using the Shapiro–Wilk and
the Levene tests respectively. Angular transformation was
required for the percentage of normal D-larvae to achieve normal
distribution. When significant differences (p < 0.05) among groups
were found using ANOVA then each treatment was compared to
the control using Dunnett’s post hoc test to calculate NOEC and
LOEC.

In the case of S. armata NOEC and LOEC values were calculated
with the Kruskall–Wallis and the Mann–Whitney U non-paramet-
ric tests because data did not meet the requirements for paramet-
ric tests. The EC50 and EC10 values and their 95% confidence
intervals were calculated by fitting the survival data to a modified
Weibull dose–response model (Murado et al., 2002).

3. Results

3.1. Stability of the chemicals in solution

Concerning their stability in aqueous solution, the UV filters
tested showed different behaviour depending on the substance
and the experimental set-up (Table 1). In the testing conditions
used for the Paracentotus lividus and M. galloprovincialis bioassays,
BP-3 and 4-MBC showed remarkable stability, with an average
drop of 23% for BP-3 and 27% for 4-MBC after 48 h. In contrast,
EHMC was very instable and its measured concentration showed
a 72% reduction after 48 h in solution. In the testing conditions
used for S. armata the stability was again high for BP-3 but lower
for 4-MBC (32.5% and 75.5% reduction respectively), while EHMC
initial concentration measured was on average 80% less than the
initial nominal concentration, and virtually disappeared from solu-
tion after the 96 h incubation period. Finally in the I. galbana bioas-
say the same stability pattern is reproduced; BP-3 was remarkably
stable (15% reduction at 72 h), and both 4-MBC and EHMC actual
concentrations dropped throughout the incubation period (82%
and 99% reduction in average). Therefore, when interpreting the
toxicity data presented below, calculated on a nominal concentra-
tion basis, it must be taken into account that the EHMC and (in the
cases of I. galbana and S. armata) 4-MBC ECx values are overesti-
mated. This overestimation concerns only the description of the
theoretical toxicity parameters of the isolated compounds in ideal
laboratory conditions, since the actual toxicity of those compounds
in the environment, where degradation is expected, is more accu-
rately described by the toxicity parameters here presented, calcu-
lated on a nominal concentration basis.

3.2. Toxicity tests

For the microalgae I. galbana (Fig. 1a), the most toxic compound
was BP-3 (EC50 13.87 lg L"1) followed by EHMC (EC50

74.73 lg L"1) and 4-MBC (EC50 171.45 lg L"1). In contrast, for M.
galloprovincialis (Fig. 1b) the most toxic UV filter resulted to be
4-MBC (EC50 587.17 lg L"1), then with similar toxicity EHMC
(EC50 3118.19 lg L"1) and finally BP-3 (EC50 3472.59 lg L"1). P. liv-
idus (Fig. 1c) results showed that sea urchin larvae are more af-
fected by the exposure to EHMC (EC50 284 lg L"1) and 4-MBC
(EC50 854 lg L"1) than to BP-3 (EC50 3280 lg L"1).

The crustacean S. armata (Fig. 1d) was similarly affected by the
exposure to 4-MBC (EC50 192.63 lg L"1) and EHMC (EC50

199.43 lg L"1) and less affected by BP-3 exposure (EC50

710.76 lg L"1). The EC50 and EC10 values with their 95% confidence
intervals for all species and UV filters, as well as the NOEC and
LOEC values are shown in Table 2.
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BP-4 was not toxic for any of the organisms tested, with EC50

values over 10000 lg L"1.

3.3. Environmental concentrations and risk assessment

In order to estimate the environmental concentration of UV fil-
ters caused by direct wash from swimmers in recreational loca-
tions and beaches, samples of sea water from two touristic places
were analyzed. Fig. 2 shows the results of these analyses, along
with concentrations of UV filters measured in other natural coastal
waters taken from the literature. The values found ranged in gen-
eral between 10 and 300 ng L"1 (Fig. 2). The substance present in
the highest concentration was BP-4 (164.4 ng L"1 in Coira beach
water and 58.8 ng L"1 in Toralla), followed by 4-MBC that could
only be identified in Coira (84.6 ng L"1). The concentration of

BP-3 was twofold in Coira (68.6 ng L"1) compared to Toralla
(21.7 ng L"1), and finally the concentration of EHMC was
52.5 ng L"1 in Coira and 35.7 ng L"1 in Toralla.

Table 3 reflects the resulting Risk quotient (R) values for the
four UV-filters studied, and for BP-3 and 4-MBC R > 1, therefore,
there is a potential threat to the coastal environments caused by
these chemicals.

4. Discussion

Based on the EC50 values, EHMC and 4-MBC are the most toxic
UV filters for marine invertebrates, whereas BP-3 was selectively
toxic for the microalgae I. galbana at concentrations as low as
ng mL"1 units. Finally BP-4 was found to have the lowest toxicity

Table 1
Nominal (first value) and measured (second value) chemical concentrations (lg L"1) in the exposure water along the incubation time (h) for the different tests conducted.
Percentages indicate measured: nominal concentration ratios. Incubation conditions for the P. lividus and M. galloprovincialis tests were the same.

UV filter P. lividus and M. galloprovinciallis S. armata I. galbana

0 h (%) 48 h (%) 0 h (%) 96 h (%) 0 h (%) 24 h (%) 72 h (%)

BP-3 300–325–108 300–369–102.5 345–349–101.2 345–393–114 5–4.3–86 5–3.9–78 5–3.5–70
3000–2981–99.4 3000–2900–96.7 750–672–89.6 750–604–80.7 15–18.2–121.3 15–14.9–99.3 15–17.2–114.7
30000–24063–80.2 30000–10138–33.8 1500–1488–99.2 1500–328–21.9

4-MBC 300–294–98 300–227–75.7 37.04–31.3–84.5 37.04–5.5–14.8 10–1.8–18 10–2.2–22 10–2.1–21
600–661–110.2 600–387–64.5 185–118–63.8 185–55–29.7 30–4–13.3 30–4.8–16 30–4.3–14.3
1200–1212–101 1200–951–79.3 333.3–204–61.2 333.3–97–29.1 100–30–30 100–20–20 100–17.9–17.9

EHMC 50–39–78 50–23–46 50–15–30 50–0–0 10–15.1–151 10–11.4–114 10–0–0
200–111–55.5 200–44–22 200–27–13.5 200–0–0 30–43.8–146 30–12.9–43 30–0.3–1
600–463–77.2 600–93–15.5 800–126–15.8 800–18–2.3 100–70.3–70.3 100–24.7–24.7 100–1.9–1.9

Fig. 1. Percentage of growth per day of Isochrysis galbana at 72 h (a), percentage of normal D-larvae Mytilus galloprovincialis at 48 h (b), percentage of growth inhibition of
Paracentrotus lividus at 48 h (c) and percentage of dead neonates of Siriella armata at 96 h in each concentration (d), represented as log (lg L"1 + 1) for BP-3 (triangles), 4-MBC
(squares), EHMC (circles).
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for all test species. This ranking of toxicity is consistent with previ-
ous results on freshwater species, such as the crustacean D. magna
(Fent et al., 2009) where EHMC was more toxic than 4-MBC, fol-
lowed by BP-3 and finally BP-4. These aromatic compounds have
a moderate to high toxicity according to the EPA criteria (Callow,
1998) that considers highly toxic those compounds with an
EC50 < 1 mg L"1 and intermediate-low toxicity those with EC50

among 1–100 mg L"1.
By species, the most affected by the presence of these UV filters

are the unicellular alga I. galbana followed by the crustacean S. ar-
mata, the sea-urchin P. lividus and the bivalve M. galloprovincialis, in
this order.

The results obtained in the present study show that, according
to their EC50 values for the same test species using the same
standard bioassays, the toxicity of the UV filters BP-3, EHMC and
4-MBC is similar to that of the most toxic trace metals Copper,
Mercury, Cadmium, Lead or Zinc (Fernández and Beiras, 2001;
Beiras and Albentosa, 2004; Pérez and Beiras, 2010).

When assessing environmental risk, it should be also taken into
account that the stability of these products in solution was quite
different. EHMC was the most unstable, with a reduction from
72% to almost 100% for the three different bioassay methodologies.
4-MBC and especially BP-3 were more stable in solution, but
4-MBC concentrations decreased with time in the Siriella and
Isochrysis test conditions. 4-MBC proved to be quite stable when
the toxicity test was conducted in darkness (27% reduction for
P. lividus and M. galloproincialis bioassay) but unstable when con-
ducted in the presence of light (75.5% and 82% reduction in the
experimental conditions used for the S. armata and I. galbana tests,
due to the need of light for those species). This phenomena might
be caused by the photodegradation into phototransformation
products (Rodil et al., 2009a), but there might be also uptake by
the organisms because the reduction in the concentrations along
time (note also that test duration is different for both species) takes
place also in those toxicity tests that were conducted in darkness,
though at a lower extent.

Table 2
EC50, EC10 for UV filters (lg L"1). The 95% confidence intervals are given in brackets No Observed Effect Concentration (NOEC) and Lowest Observed Effect Concentration (LOEC)
levels for all the compounds. In the table, nc means ‘‘not calculated’’ and nm ‘‘not measured’’.

I. galbana M. galloprovinciallis P. lividus S. armata

BP-3 EC50 13.87 (0–41.69) 3472.59 (3359.65–3585.52) 3280 (2507.85–3951.66) 710.76 (672.46-749.05)
EC10 3.69 (n.c.) 2146 (1937.84–2354.67) 2423.22 (1247.69–3586.74) 421.1 (361.15-481.05)
NOEC 30 30 1920 375
LOEC 300 300 3840 500

BP-4 EC50 >10000 >10000 >10000 >10000
EC10 n.m. n.m. n.m. n.m.
NOEC n.m. n.m. n.m. n.m.
LOEC n.m. n.m. n.m. n.m.

4-MBC EC50 171.45 (0–421.72) 587.17 (586.94–587.41) 853.74 (620.35–980.82) 192.63 (156.18–229.10)
EC10 5.4 (0–14.84) 410.61 (409.31–411.92) 238.94 (149.68–343.43) 71.63 (38.58-104.68)
NOEC 18 300 300 37.04
LOEC 75 600 600 74

EHMC EC50 74.72 (64.45–84.99) 3118.18 (n.c.) 283.69 (159.87-407.34) 199.43 (184.47-214.39)
EC10 51.506 (38.84–64.62) 430.648 (147.69-38.09) 48.84 (1.54-99.04) 80.79 (59.80-101.78)
NOEC 15 500 600 62.5
LOEC 30 1000 800 125

Fig. 2. Environmental concentration of UV-filter compounds measured in coastal sea water samples from two touristic beaches in NW Iberian Peninsula (this work) along
with values from the literature.

Table 3
UV filters Risk Assessment in coastal environments. R: risk quotient. No Observed Effect Concentration (NOEC) of the most sensitive species, Predicted No Effect Concentration
(PNEC = NOEC/Assessment factor) and Measured Environmental Concentration (highest concentration measured) (MEC).

UV filter EC10 (lg L"1) Assessment factor PNEC (ng L"1) MEC (ng L"1) R MEC/PNEC Environmental risk

BP-3 3.69 100 36.9 68.6 1.86 Yes
4-MBC 5.40 100 54.0 84.6 1.57 Yes
EHMC 48.84 100 488.4 52.5 0.11 No
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The reduction in the concentrations in the test media of some of
the UV filters with exposure time indicates that EC50, EC10, NOEC
and LOEC values shown in Table 2 can be overestimated. However,
nominal concentrations were still preferred to measured concen-
trations for calculation of toxicity parameters for two reasons.
First, it is likely that degradation products, not detected in the ana-
lytical checking of actual concentrations, show similar toxicity
than parental compounds. Secondly, the same photodegradation
and chemical degradation processes that take place in the test
chambers are likely to take place in the natural environment also.
The actual chemical processes that are taking place on the UV fil-
ters dissolved in natural sea water along time, the role of microbial
degradation, potential enhancement or reduction of their toxicity
due to phototransformation, and the kinetics of the bioaccumula-
tion processes are worth further study.

The present study focused on the environmental risk caused
by direct input of UV filters from cosmetics into recreational
waters. Levels of these compounds in beaches were in the range
of ng L"1 (see also Bratkovics and Sapozhnikova, 2011, Brauch
et al., 2011, Richardson, 2010; Nguyen et al., 2011; Rodil et al.,
2012) and there is a potential risk to the environment for two
of the UV filters tested, namely BP-3 and 4-MBC (Table 3). How-
ever other sources of UV filters such as urban waste waters were
not considered in this study. UV filter concentrations in that case
may be orders of magnitude higher (lg L"1) in areas close to
sewage sludge discharges (Giokas et al., 2007; Brausch and Rand,
2011). Therefore in that scenario the risk will be even higher.

The quantification of risk using risk quotients is highly depen-
dent on the choice of the Assessment Factor, a debatable topic be-
yond the scope of the present study. We have followed
international standard procedures (US EPA, 2012, 2013) that rec-
ommend for our case an AF value of 100. This recommendation
is similar to that from the EC Guidance Document for derivation
of Environmental Quality Standards for the case of studies includ-
ing not only short term results from three trophic levels but also
results from one long term test from the most sensitive organism
in the acute tests (EC, 2011). In our case the embryo tests and algal
growth tests may both be considered as chronic tests, since they
include exposure during the full duration of that particular life
stage. Therefore, when algae, sea urchin or mussel embryos pro-
vide the critical values, the AF should not be higher than 100,
otherwise risk estimation would be overconservative.

This research supports the need of establishing environmental
quality standards (EQS) for UV filters based on toxicity testing with
key aquatic organisms, as well as identifying and reducing the dif-
ferent input sources to the environment. The establishment of
meaningful EQS for UV filters that should not be exceeded, based
on their biological toxicity, in combination to regulation on maxi-
mum input of these products to the marine environment, will help
us to control these emerging pollutants before critical levels are
reached in the environment.
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