N
N

N

HAL

open science

Transfer of 7 organic UV filters from sediment to the
ragworm Hediste diversicolor: bioaccumulation of
benzophenone-3 and further proof of octocrylene

metabolism

Fanny Clergeaud, Sonja Fagervold, Alice M S Rodrigues, Evane Thorel, D.

Stien, Philippe Lebaron

» To cite this version:

Fanny Clergeaud, Sonja Fagervold, Alice M S Rodrigues, Evane Thorel, D. Stien, et al..
fer of 7 organic UV filters from sediment to the ragworm Hediste diversicolor:
of benzophenone-3 and further proof of octocrylene metabolism. Pollutants, 2022, 2, pp.23-31.

10.3390/pollutants2010004 . hal-03557790

HAL Id: hal-03557790
https://hal.science/hal-03557790
Submitted on 4 Feb 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Trans-
bioaccumulation


https://hal.science/hal-03557790
https://hal.archives-ouvertes.fr

O 0 N

10

11
12
13
14
15
16
17
18

43

X ¥

- pollutants

Article

Transfer of 7 organic UV filters from sediment to the ragworm
Hediste diversicolor: bioaccumulation of benzophenone-3 and
further proof of octocrylene metabolism

Fanny Clergeaud, Sonja K. Fagervold, Alice M. S. Rodrigues, Evane Thorel, Didier Stien and Philippe Lebaron*

Citation: Clergeaud, F.; Fagervold, 19
S.K.; Alice M. S. Rodrigues; Thorel, 20
E.; Stien, D.; Lebaron, P. Transfer of21
7 organic UV filters from sediment 22
to the ragworm Hediste diversicolor: 23
bioaccumulation of benzophenone-24
and further proof of octocrylene 25
metabolism. Pollutants 2021, 1, x.  2¢

https://doi.org/10.3390/xxxxx 27
Received: date 8
Accepted: date 29
Published: date

30
Publisher’s Note: MDPI stays

neutral with regard to jurisdictional

claims in published maps anél

institutional affiliations. 32

33

:
BY

35

Copyright: © 2021 by the author§. 6
Submitted for possible open acce5§7
publication under the terms and
conditions of the Creative Commons
Attribution (CC  BY)
(http://creativecommor\s.org/license%o

/by/4.0/). 41
42

. 39
license

Sorbonne Université, CNRS, Laboratoire de Biodiversité et Biotechnologies Microbiennes, USR3579, Observa-
toire Océanologique, 66650, Banyuls-sur-mer, France
* Correspondence: author: Pr. Philippe Lebaron, Sorbonne Université, Laboratoire de Biodiversité et Biotech-

nologies Microbiennes, USR3579, Observatoire Océanologique, 66650, Banyuls-sur-mer, France, E-mail: le-

baron@obs-banvuls.fr.

Abstract: Organic UV filters are continuously released in aquatic ecosystems due to their wide-
spread use, especially in touristic coastal environments. Generally, organic UV filters are poorly
soluble in water and tend to accumulate in the sediment compartment. This represents a conceiv-
able risk for sediment-dwelling organisms and a potential for transfer of the UV filters up the food
chain. This study aimed to assess the potential transfer of 7 UV filters benzophenone-3 (BP3), bis-
ethylhexyloxyphenol methoxyphenyl triazine (BEMT), butyl methoxydibenzoylmethane (BM),
methylene bis-benzotriazolyl tetramethylbutylphenol (MBBT), 2-ethylhexyl salicylate (ES),
diethylhexyl butamido triazone (DBT) and octocrylene (OC) from artificial spiked sediment (10
ug.g'! dry weight) to sediment-dwelling worms. All UV filters were detected in the worms after 28
days of exposure, but only BP3 was apparently bioaccumulated, with a biota sediment accumula-
tion factor (BSAF) of 12.38 + 4.65. However, metabolomic profiling revealed that OC was metabo-
lized by the worms into 11 fatty acid conjugates, demonstrating that OC did also accumulate in
the worms in the form of OC-fatty acid conjugates. Here, the sole quantification of the parent
organic UV filter underestimated the accumulation factor and the exposure of organisms. In gen-
eral, it is therefore important to pair the conventional method (BSAF calculus) with other tech-
niques, such as metabolomics, to assess the actual potential for bioaccumulation of xenobiotics
including transformed xenobiotics.

Keywords: Hediste diversicolor; bioaccumulation; UV filters; marine sediments; emerging pollu-
tants

1. Introduction

Organic UV filters are commonly used in cosmetic products to protect skin against
solar radiation (UV-A 320-400 nm and UV-B 280-320 nm). Although the presence of
these compounds is essential for health reasons, their impact on marine ecosystems has
recently become a concern due to potential toxic effects of certain filters and their
bioaccumulative character [1,2]. Further, since organic UV filters are generally poorly
soluble in water (logP > 3), they can accumulate in carbon-rich compartments, especially
sediments [3,4]. For example, diethylhexyl butamido triazone (DBT), bis-
ethylhexyloxyphenol methoxyphenyl triazine (BEMT), and methylene bis-benzotriazolyl
tetramethylbutylphenol (MBBT) were found in the Villeneuve de la Raho Lake (France)
sediments at 652.6, 115.0, and 75.2 ng.g' dry weight, respectively [4]. These same UV
filters are also found in the surface microlayer, with maximum concentrations of 43.3
ng/L for DBT, 5625.4 ng/L for BEMT, and 45.6 ng/L for MBBT. While these filters are
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poorly dispersed in the water column at maximum concentrations of 9.9 ng/L for DBT,
18.4 ng/L for BEMT, and below the detection limits for MBBT. Thus, organisms that
spend at least a part of their life cycle in sediments could therefore be exposed to, and
potentially accumulate these UV filters, increasing the risk for the transfer of these com-
pound up the food chain. Indeed, organic UV filters have been detected in a large diver-
sity of marine animals such as bivalves [5,6], cephalopods [7,8], corals [9,10], fishes
[11,8], mammals [12], and even bird eggs from a preserved area [13].

To fully assess the environmental risk of organic UV filters, it is necessary to study
the transfer of these compounds from the sediment to sediment-dwelling organisms.
Hediste diversicolor, the common ragworm, is a polychaete worm of the Nereididae family.
It plays a key role in estuarine ecosystems, particularly for the biogeochemistry of sedi-
ments and element cycling [14]. Worms are highly exposed to sediment contaminants
since they are burrowers and ingest large amounts of matter. They are prey for many
marine animals (fish, birds, shrimp, crabs, etc.), and are an essential link in the food web
[15]. Thus, sediment worms are among the basal links between sediment contamination
and the bioaccumulation of contaminants up the food chain. Several studies have re-
ported the accumulation of many toxic compounds, such as benzo[a]pyrene [16], silver
nanoparticles [17], polychlorinated dibenzo-p-dioxins and dibenzofurans [18], metals
and PCBs [19], in H. diversicolor, but the bioaccumulation rate of many emerging contam-
inants including sunscreens have never been studied.

In this study, we assessed the transfer of 7 common organic UV filters
benzophenone-3 (BP3), butyl methoxydibenzoylmethane (BM), 2-ethylhexyl salicylate
(ES), octocrylene (OC), MBBT, DBT and BEMT from sediment to worms. To do this, con-
centrations of the UV filters in spiked sediments were measured and compared to the
concentrations in worms after 28 days of exposure. The metabolome of the worms ex-
posed to OC was also studied to examine the presence of any OC fatty acid conjugates.

2. Materials and Methods
2.1. Chemicals

The UV filters BP3, BEMT, BM and MBBT were purchased from Sigma-Aldrich
(Saint-Quentin Fallavier, France). ES, DBT and OC were provided by Pierre Fabre La-
boratories (Toulouse, France). The physicochemical properties of the UV filters used in
this study are shown in Table 1. Analytical-grade dichloromethane (DCM), methanol
(MeOH), formic acid (FA, 98%), vanillin (99%), sulfuric acid (97.5%) and phosphoric acid
(85%) were obtained from Sigma-Aldrich. Pure water for chemical analysis was obtained
from an Elga Purelab Flex System (Veolia LabWater STI, Antony, France). Glassware
was cleaned and calcined at 400°C for 2 hours to remove all traces of organic matter.

Table 1. Structures and physicochemical properties of the 7 UV filters.

a COSING names b Mw*
alternative names g.mol’
Abbr. (al . ) CAS number logP Formula ( 5
pemt  Pis-Ethylhexyloxyphenol methoxyphenyl 4 g7495 606 10627 CasHasNOs 627.8
triazine (Bemotrizinol)
Butyl methoxydibenzoylmethane no.
BM (Avobenzone) 70356-09-1 5.499 CyoH2504 3104
BP3 Benzophenone-3 (Oxybenzone) 131-57-7 3.514 C14H1,04 228.8
DBT Diethylhexy! butamido triazone 154702-15-5 12,004 CasHssN7O5 766.0
(Iscotrizinol)
2-Ethylhexyl salicylate AN
ES (Octyl salicylate, Octisalate) 118-60-5 5.335 C15H220s 250.3
Methylene bis-benzotriazolyl
MBBT tetramethylbutylphenol (Bisoctrizole) 103597-45-1 15451 CarHsoNeO, 658.9
oC Octocrylene 6197-30-4 7.083 Co4H,7NO; 361.5

2abbreviation; ? from Reaxys (https://www.reaxys.com/). For BM, the major tautomer (enol) logP is reported; <Molecular

weight.
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83 2.2. Artificial sediment preparation and spiking

84 Artificial sediment was produced, as already described [21], and was composed of
85 sand with a particle size of 0.2-0.5 mm (sable de Loire SCALARE, Aquastore, France,
86 92.5 weight-%), kaolin clay (Merck, Darmstadt, Germany, 5 weight-%), and sphagnum
87 blond peat (Florentaise, Saint-Mars-du-Désert, France, 2.5 weight-%). Homogenized sed-
88 iments were spiked with a UV filter to a concentration of 10 pg.g* dry weight by adding
89 1 mg of UV filter diluted in DCM to 100 g dry sediment in a 600 mL beaker. The sedi-
90 ment was covered by DCM and was left to dry for at least 24 h while stirring the sedi-
91 ment to ensure that the compounds were homogeneously distributed.

92 2.3. Supply and acclimatization of worms

93 Hediste diversicolor specimens were ordered from Sustainable Feeds Ltd. (Brenkley
94 Way,

95 Seaton Burn, Newcastle upon Tyne, NE13 6DS, UK). The worms were sent overnight at
96 4 °C and were received approximately 24 h after shipment. The worms were transferred
97 to 40 L glass tanks with artificial sediment and artificial seawater (Tropic Marin®, 34 g.L-1
98 in osmosis water). The tanks were equipped with an aeration pump and a ceramic bead
99 filter enriched with microorganisms. The room temperature was kept at 16 °C, and the
100 photoperiod was 16:8 h day:night at 250 Iux. The worms were fed twice a week with
101 seawater containing crushed TabiMin® (62.5 mg TabiMin® per 10 worms). All organisms
102 were acclimated to these conditions for 2 weeks before they were used in exposure ex-
103 periments.

104 2.4. Bioaccumulation test in a spiked water-sediment system

105 The exposure conditions and experimental setup were inspired by the OECD test-
106 ing protocol for the “Sediment-Water Lumbriculus Toxicity Test Using Spiked Sediment”
107 [22], and “Bioaccumulation in Sediment-dwelling Benthic Oligochaetes” [23]. Briefly,
108 exposure tests were performed for 28 days in beakers each with 10 worms and in tripli-
109 cate for each UV filter tested, in addition to negative controls.

110 Artificial seawater was added to 100 g of spiked sediment until the 400 mL mark in
111 600 mL beakers. This water level was kept constant throughout the incubation period
112 and was oxygenated with an aeration pump and a plunging Pasteur pipette (2-4 bubbles
113 per second). Water was added 24 hours before the addition of worms to allow for equili-
114 bration of the UV filters between the sediment and the water. On the day of the start of
115 the exposure (D0), the water was decanted off, and “day 0” sediment samples were col-
116 lected in 3 different places in the beaker. The beaker was then filled with water again.
117 The worms were allowed to depurate on wet tissue paper for approximately 3 hours be-
118 fore the start of the test. Ten worms of similar sizes were added to each test beaker, and
119 the worms were closely monitored for any avoidance behavior and to ensure that they
120 were all burrowed within the first 24 hours. The room temperature was kept at 16 °C,
121 and the photoperiod was 16:8 h day:night at 250 lux. The water was changed (50%) twice
122 a week. The water characteristics (NOs, NOz, NHs4, Oz, T, pH, and salinity) were closely
123 monitored. The worms were fed twice a week with seawater containing crushed
124 TabiMin® (62.5 mg for 10 worms).

125 At the end of the exposure (D28), the water was decanted off, and sediment sam-
126 ples were carefully collected at 6 different places in the beaker. The worms were then
127 picked from each beaker and transferred on wet tissue paper to depurate for approxi-
128 mately 3 hours. Then, the worms were counted and weighed before being transferred to
129 a glass jar. They were then frozen at —=80 °C and freeze-dried.

130 The potential transfer of UV filters from sediments to worms was estimated by as-

131 sessing the Biota to Sediment Accumulation Factor (BSAF), which is defined by:
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Eq.(2):

Cw

/ LP
Cs

/ TOC
where Cw is the concentration of the UV filter in worms at day 28 (ug.g' dry

weight of the whole body) which is then normalized by their lipid content (LP, in ug
dw), and Cs is the concentration of the UV filter in sediment at day 28 (ug.g' dry weight)
which is then normalized by the total organic carbon (TOC, in pg dw). We assumed that
the TOC content of the sediment remained constant at 5%.

Eq.(1) : BSAF = [23]

2.5. Extraction and quantification of UV filters

Sediment samples were frozen and lyophilized, followed by homogenization by
grinding with a mortar and pestle. Sediment samples (200 mg) were extracted with
DCM:MeOH 8:2 (1 mL) acidified with 0.1% FA. The suspensions were vortexed, subject-
ed to ultrasound for 10 minutes and centrifuged. The supernatant was collected, and the
extraction was repeated. The mixed supernatants were dried in an HT-4X centrifugal
vacuum evaporator. The residues were dissolved in acidified (0.1% FA) DCM:MeOH 8:2
(500 pL) for quantification of UV filters as described in [4] in which all analytical data in-
cluding LODs and LOQs are reported.

Worms were also frozen and lyophilized, then inert sand was added to the dry
worms. The mass of added sand was twice the dry weight of the pool of worms per
condition. The mixture was homogenized using a mortar and pestle. A portion of the re-
sulting powder (100 mg) was suspended in an acidified (0.1% FA) mixture of chloro-
form/methanol (2:1) in a glass tube. The slurry was vortexed and subjected to ultrasound
for 20 minutes. The supernatant was transferred to a new tube, and the process was re-
peated once. A final centrifugation was performed to ensure that no solid material was
suspended. The final supernatant was collected and dried in an HT-4X centrifugal vacu-
um evaporator (Genevac). Dried samples were dissolved in 500 pL of acidified (0.1%
FA) DCM:MeOH (8:2) for injection (5 pL injected) into HPLC-UV for UV filter quantifi-
cation. The UV filter concentrations were measured using an Ultimate 3000™ HPLC sys-
tem equipped with a diode array detector (Thermo Fisher Scientific) and a Phenomenex
Kinetex Biphenyl 2.6 um, 150 x 4.6 mm column, as described previously [4,24].

2.6. Lipid quantification

The quantification of worm lipids was based on a sulfo-phospho-vanillic reaction,
as already described [25]. The method was then adapted using a 96-well format [26] and
involved generating and analyzing calibration standards (cholesterol in chloro-
form:MeOH (2:1)) each time a measurement was performed.

Worm powder was weighed in 3 different tubes (30 mg each, 2/3 inert sand and 1/3
ground lyophilized worms) and extracted as described above except the solvents were
not acidified. 100 uL of samples and standards were placed in a heating block set at 90
°C to allow the solvent to evaporate. Sulfuric acid (180 puL) was then added to each tube.
After 10 min of incubation at 90 °C, the tubes were allowed to cool to room temperature
before adding 500 uL of vanillin reagent (31 mg of vanillin, 12.5 mL of hot water, and 50
mL of 85% phosphoric acid) and vortexing. Finally, 200 uL from each tube was trans-
ferred into a 96-well plate. Lipid quantification was performed by measuring the ab-
sorbance at 530 nm on a Paradigm microplate reader (Beckman Coulter, Villepinte,
France).

15
Total lipids = (Abss3gnm X Calibration) X 0.8 X 10 [25]

The total lipid content can be calculated by converting the reading absorbance into
a cholesterol concentration with the standard curve. Then, we applied a 0.8 coefficient
(80 ug of cholesterol absorbed as 100 ug of total lipids [25]. We multiplied by 15 to reach
the total volume of the extract and divided by 10 mg of dry worms we had from the
start.
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179 2.7. UHPLC-HRMS profiling and research of OC metabolites
180 Ground lyophilized worm powder was extracted twice with 2 mL of DCM:MeOH
181 8:2, vortexed and ultrasonicated. The organic phases were gathered and dried. The 3
182 batches of worms exposed to OC were extracted in duplicate and analyzed. Chemical
183 analyses were performed on samples diluted in DCM:MeOH 8:2 as already described for
184 the coral P. damicornis [20]. Data were analyzed with Thermo Freestyle 1.6. OC-fatty acid
185 conjugate sodium adducts collision-induced fragmentation yielded 2 typical products at
186 m/z 272.0682 and 382.1778 (Figure 1). The corresponding ion chromatograms were ex-
187 tracted from the MS? trace. Where peaks were detected, the parent ion was designated as
188 a putative OC derivative and was annotated by examination of mass spectrometry data
189 as reported by Stien et al. [20].
190
+ +
Ph ONa Ph  ONa
Ph)\(U\OH Ph)\ﬁko 7
CN CN
Chemical Formula: C4gH1{NNaO,* Chemical Formula: Cy4H,5NNaO,*
191 Exact Mass: 272.0682 Exact Mass: 382.1778
192 Figure 1. OC-fatty acid conjugates common products in collision-induced fragmen-
193 tation of sodiated molecular ions
194
195 2.8. Statistical analyses
196
197 The t test was performed to compare the concentrations of UV filters in the sedi-
198 ments between days 0 and 28 using software R 4.0.3. The significance level was set at p <
199 0.05.
200 3. Results and discussion
201 H. diversicolor was exposed to different UV filters for 28 days in a water sediment
202 system. The worms did not show any avoidance behavior toward the spiked sediments
203 and all the worms had burrowed after 24 h of sediment contact. This suggests that all
204 organisms were exposed to the contaminated sediment in the same way. Additionally,
205 UV filters did not affect the survival of worms (data not shown). To assess the potential
206 bioaccumulation of the UV filters, we measured the concentration of each of the UV fil-
207 ters in the sediment on day 0 and day 28, as well as the UV filter concentration in the ex-
208 posed worms (Table 2). The lipid content of each batch of worms was also measured.
209 For 6 UV filters, there was no significant difference between the sediment concen-
210 trations at DO and D28 (t-test, p > 0.05) (Table 2). For BP3 we observed a 24.7 + 6.5 % loss
211 from DO to D28 (t-test, p = 5.27%10). One reason might be the higher water solubility of
212 BP3. Further, BP3 accumulated in the worms, a phenomenon that could also be respon-
213 sible for the lower sediment concentration at D28 (Table 2).
214 Table 2 shows UV filter concentrations in the worms after 28 days of exposure.
215 Concentrations ranged from 0.43 + 0.07 ug.g' dw for BM to 33.90 + 10.09 pg.g*! dw for
216 BP3. All UV filters were able to migrate from the sediment to the biotic compartment
217 but, except for BP3, we observed no bioaccumulation of the UV filters after 28 days of
218 exposure (BSAF < 1). The BSAF for BP3 was 12.38 + 4.65. This is in line with Bliithgen et
219 al. [27], in which the BP3 bioconcentration factor in zebrafish was between 19 and 94.
220 Additionally, it was also demonstrated in the literature, a potential transfer of BP3 in the
221 food web with a trophic magnification factor of 1.23 [28]. Since marine worms are prey
222 for many marine animals, these results show that BP3 may represent a risk for the health
223 of aquatic ecosystems. Indeed, BP3 was shown to disrupt the endocrine system by in-
224 ducing estrogenic activity in an in vitro gene assay of zebrafish [29] and to induce a

225 vitellogenin protein in male Japanese rice fish [30]. BP3 can also cause developmental
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neurotoxicity in zebrafish [31]. The genotoxic potential of this UV filter was also demon-
strated in the coral Stylophora pistillata [32].

Table 2. Concentration of UV filters found in sediments at day 0 and day 28 (ug.g™ dry weight), lipid content in worms
at day 28 (ug dry weight), concentrations of UV filters in Hediste diversicolor at the end of the 28-day exposure (ug.g! dry
weight), and Biota-Sediment Accumulation Factor (BSAF) calculated for each UV filter. The percentage of total organic
carbon (% TOC) used for calculation of BSAF was 5%.

Ceea/DO? Ceed/D28° Lipid cont.” Cuworms/d28° BSAF

BEMT 6.7+1.1 6.7+1.3 130.9+11.2 25+0.38 0.2+0.0
BM 29+0.5 29+0.7 81.8+8.9 04+0.1 0.1+0.0
BP3 5.0+1.2 25+0.5 62.7+ 8.6 33.9+10.0 124+ 4.6
DBT 7.0+3.3 6.4+1.4 104.7+ 8.8 45+0.8 0.3+0.0
ES 40+18 3.6+22 88.4+3.38 1.6+0.3 03+0.1
MBBT 6.4+1.6 55+29 75.7+18 13+11 0.1+0.0
OC 6.1+1.6 7.2+1.0 64.7+ 3.5 2.2+0.3 0.2+0.0

2Concentration in sediment at day 0 and day 28, expressed in ug.g™ dw; PLipid content in worms at day 28, expressed in
ug dw; <Concentration in worms at day 28, expressed in ug.g™ dw.

Based on this standard protocol for measuring BSAF, OC does not appear to
bioaccumulate. However, in previous work in which we measured the effect of OC on
the coral Pocillopora damicornis, we demonstrated that OC was transformed in the coral
and concluded that measuring the concentration of unmodified OC was not sufficient to
assess its actual BSAF [20]. Since similar OC derivatives have been detected in human
urine [33,34], questions as to whether this process of oxidation and esterification of OC
in animals might be wide spread and may thus result in the global underestimation of
OC contamination and bioaccumulation arose. Therefore, the extracts of the OC-exposed
worms were analyzed by LC-MS/MS to search for possible OC derivatives. We were
able to annotate 11 OC-fatty acid conjugates in the worms exposed to OC (Figure 2, Ta-
ble 3). Six of the OC metabolites were identical to those already described from the
metabolome of Pocillopora damicornis coral exposed to OC [20]. Another 5 compounds
bearing somewhat more saturated fatty acids than those with the same chain lengths
from the coral were new (C18:0, C20:1, C20:2, C22:2). Compounds 1-11 analytical data
are provided in the Supporting Information. Clearly, as for the coral, these compounds
were biosynthesized by the worms by oxidation of the ethylhexyl side chain and subse-
quent esterification of the hydroxyl group with fatty acids originating from the pool of
fatty acids available in the worms. This result is all the more disturbing because in the
case of this marine worm, the OC derivatives peak integrations were between 50 and
1800 times larger than the untransformed OC peak integration. Similarly, we have pre-
viously found peaks up to 100 times higher than OC chromatographic peak integration
in corals, and concluded that the actual OC accumulation rate in the ocean food chain
should be re-evaluated and that future titrations should include OC fatty acid conjugates
[20]. H. diversicolor is known to be an active metabolizer of organic contaminants such as
benzo[a]pyrene as reported by Driscoll & McElroy [16]. This may explain why the OC
derivatives were detected in such a high proportion in worm tissues. The sum of OC de-
rivative relative integrations is 5869, indicating that the quantification of OC alone may
underestimate the overall OC derivative concentration by a factor of several thousand
while when calculated with OC alone, the BSAF was 0.23 (Table 2). Hence it is reasona-
ble to conclude that OC actually bioaccumulates in worms in the form of OC-fatty acid
conjugates.
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Figure 2. General structure of OC-fatty acid conjugates. The substitution site is undetermined, and
the R group is a saturated or unsaturated linear alkyl chain (see Table 3).

Table 3. OC-fatty acid conjugates annotated in H. diversicolor worms exposed to OC.

Cmpd. # —-0,CR tz (Min) Exp. m/z* Rel. area’
1 C16:0 15.44 638.4177 543
2 C18:0 16.46 666.4500 553
3 C18:1 15.52 664.4338 713
4 C18:1 15.67 664.4330 384
5 C20:1 16.51 692.4647 1767
6 C20:2 15.67 690.4496 676
7 C20:2 15.77 690.4495 749
8 C20:3 14.99 688.4339 120
9 C20:5 13.71 684.4025 47
10 C22:2 16.63 718.4806 263
11 C22:6 14.05 710.4181 54

3[M+Na]*ion; PAverage peak area relative to average OC peak area, on 3 replicates.
4. Conclusions

We show that all 7 UV filters tested in this study can disperse in a complex medium
and migrate to the biotic compartment. However, only BP3 was demonstrated to
bioaccumulate (BSAF > 1). The use of this UV filter represents a potential risk to marine
ecosystems because BP3 might be biomagnified and exert many direct and indirect toxic
effects through the food web.

Although parent OC did not appear to accumulate in worms (BSAF < 1), we detect-
ed 11 more lipophilic metabolites in the fatty tissues of the exposed worms. The very
high relative integration of OC derivative peaks suggests that OC might in fact accumu-
late and that the total OC derivative BSAF might be very high. Our results further
demonstrate that the study of any parent organic UV filters alone may largely underes-
timate the exposure of organisms to xenobiotics and that xenobiotic metabolites should
be annotated and included in the measurement of BSAF to better assess the risk for bio-
accumulation of xenobiotics in living beings.
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