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H I G H L I G H T S

• Fragrance Materials (FMs) were quanti-
fied in the surface waters of the Venice
lagoon.

• First detection in environmental sam-
ples of most of the selected FMs.

• Salicylates resulted in general the most
abundant and widespread compounds.

• FMs are persistently emitted in the en-
vironment.

• Emitting sources and tidal dilution re-
sulted key factors.
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FragranceMaterials (FMs) are omnipresent components of household and Personal Care Products (PCPs). In spite of
theirwidespread use, little is known about their environmental occurrence.We selected 17 among the longest-last-
ing andmost stable fragrance ingredients that are commercially available, namely: Amberketal, Ambrofix, Amyl Sa-
licylate, Benzyl Salicylate, Bourgeonal, Dupical, Hexyl Salicylate, Isobutavan, Lemonile, Mefranal, Myraldene,
Okoumal, Oranger Crystals, Pelargene, Peonile, Tridecene-2-Nitrile, Ultravanil. A new analytical method was devel-
oped to quantify FMs in water samples and it was applied to perform the first study about the distribution of these
compounds in the surface waters of the city of Venice and its lagoon. Total FMs concentrations range from about
30 ng L−1 to more than 10 μg L−1 in polluted canals during the low tide. Sewage discharges were supposed to be
the main sources of the selected FMs in the environment. Salicylates, oestrogenic and allergenic compounds, were
in general the most abundant and widespread components. This study reports for the first time the detection of
most of the selected FMs in surface waters and represent the first step to understand their environmental fate.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Perfumes are ubiquitous in daily life. The majority of cosmetics, toi-
letries, and a variety of household and Personal Care Products (PCPs)
contain Fragrance Materials (FMs). In spite of their widespread use, lit-
tle is known on the environmental fate of these compounds. Every day,
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humans are adsorbing an unknown number of substances by direct ap-
plication of PCPs (Zhang et al., 2013). Pharmaceuticals and PCPs have
been recognized as contaminants of emerging concern. Previously un-
detected chemicals are being discovered in water, and can represent a
risk for wildlife and human health (Daughton and Ternes, 1999). Com-
pounds of particular concern are those used in large volumes, persisting
in the environment and bioaccumulative (Peck, 2006). The study of
these emerging pollutants is one of the main open scientific questions
in environmental and analytical chemistry and it is fundamental to un-
derstand their environmental risk. The case of the synthetic musks is
emblematic of the environmental concerns linked to the usage and dis-
charge of FMs, originating a wide scientific debate (Daughton and
Ternes, 1999; Peck, 2006).

The aim of this work is to evaluate the occurrence and distribution of
FMs in the environment. We chose 17 among the longest-lasting and
most stable fragrance ingredients that are commercially available to as-
sess their potential accumulation in the ecosystem (Table SI1). More pre-
cisely, the trade names (Givaudan®) of the selected FMs are: Amberketal,
Ambrofix, Amyl Salicylate, Benzyl Salicylate, Bourgeonal, Dupical, Hexyl
Salicylate, Isobutavan, Lemonile, Mefranal, Myraldene, Okoumal, Oranger
Crystals, Pelargene, Peonile, Tridecene-2-Nitrile, Ultravanil. These FMs
have awide range of possible uses in commercial products which present
very different and aggressive characteristics, such as liquid bleach and
acid cleaners (eindex.givaudan.com). The selected FMs have a molecular
weight ranging between 152 and 288 and their persistence as fragrances
(tenacity on blotter) ranges from a few weeks to months. Their chemical
stability andpersistence as fragrances are indications of their possible per-
sistence in the environment. In order to understand the risk in using and
discharging these substances, the key issue is to study their environmen-
tal fate and distribution in environmental compartments. Once released
into the water, sufficiently persistent FMs can evaporate into the atmo-
sphere, sink in the sediment and finally even accumulate in biota. The
octanol-water repartition constants of the 17 selected FMs range from
2.0 to more than 6.0 (Table SI1) and are comparable to those of
bioaccumulating pollutants such as PAHs and PCBs (Jonker and
Koelmans, 2002). However, at present the hypothesis of the bioaccumu-
lation of the 17 FMs is still far from proven.

To the best of our knowledge, there are no data available in the liter-
ature about the environmental occurrence of most FMs. Benzyl Salicy-
late is the only FM among the ones selected whose environmental
occurrence has been discussed in literature. Because of the very low
prices of these products (under $5/kg), the consumption of Benzyl,
Hexyl and Amyl Salicylates has grown rapidly over the last years,
reaching an estimated worldwide annual consumption of respectively
8500, 7000 and 6800metric tons in 2010 (Gaudin, 2014). The estimated
total human skin exposure of Benzyl Salicylate from the use of multiple
cosmetic products is 0.4 mg kg−1 day−1 (Lapczynski et al., 2007). This
compound, used among other purposes as sun-blocking agent due to
UV-filter properties (Kameda et al., 2011), is included in the EU list of al-
lergenic fragrances (Heisterberg et al., 2011), and it was recently found
to have an oestrogenic activity comparable to bisphenol A (BPA) (Zhang
et al., 2012). Other authors found that Benzyl Salicylate gives
oestrogenic responses in human breast cancer cells, potentially promot-
ing the development of this disease (Charles and Darbre, 2009). The
concentrations of Benzyl and Hexyl Salicylates were measured in U.S.
and European wastewater treatment plants (WWTPs) (Simonich et
al., 2002, 2000), where were reported almost quantitative removals
(98.7%) of these substances after secondary treatment. Benzyl Salicylate
was detected in otherWWTPs in Spain (Godayol et al., 2015;Negreira et
al., 2010) and Japan (Kameda et al., 2011), reporting similar removals.
Data about its occurrence in river waters are even fewer (Kameda et
al., 2011; Negreira et al., 2010; Vila et al., 2016), while in Japanese sea-
water samples it was investigated but not detected (Tashiro and
Kameda, 2013). Given its large use as a fragrance, Benzyl Salicylate
was detected also in indoor air (Lamas et al., 2010). A review of the tox-
icological and dermatologic effects of Benzyl Salicylate, alongwith other

FMs, was published by the Research Institute for Fragrance Materials
(RIFM) (Lapczynski et al., 2007).

The first step to assess the environmental fate of these FMs is to un-
derstand their emission patterns, identifying which of the selected fra-
grances are emitted in greater amount and their concentration levels
in the environment. This is the main objective of this pilot study. As in
the case of other PCPs (Daughton and Ternes, 1999), we hypothesized
that the main route of entry in the environment of the selected FMs is
through wastewaters. In this paper we will focus on the occurrence of
FMs in the surface waters of the city of Venice and its lagoon, since it
is likely the first environmental compartment to carry their load. As
the medieval historical center is almost completely lacking a sewerage
system, FMs are discharged directly into the canals. The historical center
of Venice has a population of about 56,000 inhabitants, to which we
should add a similar number of commuters and the tourists spending
7 million nights per year in the island. The Venice Lagoon is a basin
with an area of 549 km2 and an average depth of about 1.2 m. Three in-
lets connect it to the Adriatic Sea, enabling an average exchange of over
50% of the water volume of the lagoon in 12 h, depending on the tidal
excursion (Gambaro et al., 2009). The island of Burano is set in the
northern lagoon with a population of about 2700 inhabitants and its
sewerage system was only partially implemented in the last years. Al-
though Venice and the lagoon became an UNESCO world heritage site
in 1987, these areas are heavily affected by anthropogenic activities
such as industrial emissions from Porto Marghera, traffic pollution
from the nearby Mestre motorway, touristic and merchant ship traffic,
airport emissions and domestic heating (Gregoris et al., 2014). The di-
rect connection between urban emissions and the natural environment
makes the Venice lagoon a perfect macrocosm laboratory to carry out
the first pilot study about the distribution of the 17 FMs.

2. Materials and methods

2.1. Samplings

Three sampling campaigns were performed in order to validate the
analyticalmethod and characterize thedistribution andemissionpatterns
of the selected fragrances in the surface water system. Samples were col-
lected in solvent-rinsed glass bottles in the sites shown in Fig. 1. In the
first campaign (S1; 2015-04-16) we collected four exploratory samples
in the sites Ve1–Ve4. The second campaign (S2) was the most extensive
one and aimed to determine the spatial distribution of the analytes: 14
samples were collected on the island of Venice (Ve1–Ve14), 2 in the
open lagoon (La1 and La2) and 6 on the island of Burano (Bu1-Bu6). Sam-
plings were performed during the tidal quadrature (2015-10-05/06 Fig.
SI1), when the movements of the water masses are minimized, thereby
obtaining samples that were representative of the local emissions and in
steady and comparable conditions across the different sites. The third
campaign aimed instead to study the temporal evolution and the influ-
ence of the tides: samples were collected during high, medium and low
tides at the sites Ve1, Ve2 andBu2during the highest excursions of the as-
tronomical tide (2015-12-10/11/12) for a total of 15 samples.

2.2. Sample processing

Water samples (500mL)were spikedwith internal standard and ex-
tracted using 200mg Oasis® HLB cartridges (Waters Corp., Milford, MA
USA) previously conditioned with 10 mL of dichloromethane followed
by 10mL of ultrapure water (ELGA, HighWycombe, UK). Quantification
was performed using Phenanthrene 13C as internal standard (CLM-
2451, Cambridge Isotope Laboratories Inc., Andover, MA USA), adding
to the samples 50 μL at the concentration of 1 ng μL−1 prior to the ex-
traction. Pesticide-grade dichloromethane, toluene and acetone (Romil
Ltd., Cambridge, Great Britain) were used. Extraction was performed
under vacuum approximately at the rate of 10 mL min−1, followed by
elution under gravity of 1mL of toluene and 15mL of dichloromethane.
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On the basis of literature and existing methods (Argiriadis et al., 2014;
Keil and Neibauer, 2009; Peck, 2006; Simonich et al., 2000; Vecchiato
et al., 2015), different solvents and aliquots were tested for the elution
of the FMs from the SPE cartridges and the final procedure derives
from the combination of the most effective ones. Cartridges were not
dried under vacuum in order to prevent possible losses of themore vol-
atile analytes. Eluates were dried with an aliquot of Na2SO4 and trans-
ferred into Zymark tubes together with 5 mL of dichloromethane rinse
of the Na2SO4. Samples were reduced to 250 μL under a gentle nitrogen
flow at 23 °C (Turbovap II®, Caliper Life Science, Hopkinton, MA, USA)
and transferred into vials.

2.3. Analysis

The instrumental analysis was conducted by HRGC-LRMS (7890A-
5975C, Agilent Technologies) on a 60-m HP-5MS column (0.25 mm
I.D., 0.25 μm; Agilent Technologies, Avondale, USA). Operating condi-
tions of the GC were optimized as follows: injection 2 μL splitless
mode; purge flow 50 mL min−1 after 1.5 min; injector temperature
280 °C; transfer line temperature 290 °C; oven temperature program:
90 °C (2 min), 3 °C min−1 to 150 °C (3 min), 3 °C min−1 to 180 °C
(5 min), 20 °C min−1 to 280 °C (1 min), post run 305 °C (15 min); car-
rier gas (helium) at 1.2 mL min−1. Analyses were performed in SIM
mode monitoring two ions for quantification and confirmation pur-
poses: quantifier and qualifier ions are reported in Table SI2. Crude con-
centrations were corrected using the instrumental response factors and
results are mean-blank corrected. Since most of 17 FMs (Amberketal,
Bourgeonal, Dupical, Lemonile, Mefranal, Myraldene, Okoumal,
Pelargene, Peonile, Tridecene-2-Nitrile) are not available at analytical
or reagent grade, all the following results are expressed as concentra-
tion of the commercial product.

2.4. Method verification

A working mixture solution of the FMs was prepared in dichloro-
methane starting from the single pure commercial products. Recovery

tests were performed adding known amounts of the working solution
to 500 mL of ultrapure water and by carrying out the procedure de-
scribed above. The mean extraction recoveries of the different FMs are
in general above 80% (Table SI3). Trueness tests using Phenanthrene
13C as internal standard showed differences with the true spiked values
below 10% formost of the FMs. Other isotope-labelled compoundswere
tested as internal standard: Acenaphthylene 13C, Benzo(a)Pyrene 13C
(CLM-2477, CLM-2722 CIL) and Vanillin 13C (Sigma-Aldrich). The latter
twowere unsatisfactory in terms of trueness, while Acenaphthylene ex-
hibited performances comparable but slightly lower than Phenanthrene
(Table SI4). The Instrumental Detection Limits (IDL)were obtained con-
sidering a signal-to-noise ratio greater than 3. Procedural blanks were
conducted extracting ultrapure water (ELGA) with the same procedure
described above. The Method Detection Limit (MLD) was calculated as
three times the standard deviation of the blank signal (Table SI5). The
role of the particulate was tested comparing filtered and unfiltered pre-
vious water samples (Table SI6): results of the unfiltered total samples
were consistent with the sum of the filtered and particulate fractions.
Re-extractions of the preliminary samples and re-elutions of the SPEs
gave results similar to blanks, and the final procedure was therefore
deemed suitable for analyzing FMs in surfacewater samples. Other sam-
plings (S4 - Table SI7) were performed at the site Ve1 to assess the
short-term evolution of the system: variability was in general less
than 10%, giving an indication about the validity of the results obtained
in the other campaigns.

3. Results and discussion

3.1. Distribution of FMs

Preliminary samples (Ve1-4S1) confirmed the applicability of the
analytical method and the results were later confirmed in the second
campaign (Table SI8). Ve1S1 showed high concentrations of total FMs
(490 ng L−1) while in Ve3S1 levels were significantly lower
(62 ng L−1). In the campaign S2 (Fig. 2 – Table SI8) higher concentra-
tions were found in the innermost canals, both in Venice and Burano.

Fig. 1. Sampling sites in Venice (Ve1–14), Burano (Bu1–6) and open lagoon (La1–2).
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The station Ve1 was found again to be the most polluted one
(900 ng L−1). Relatively high concentrations in Venice were detected
also in Ve9S2 (544ng L−1) andVe12S2 (475ng L−1), all collected in res-
idential areas. Samples Ve3S2, Ve6S2 and Ve10S2, though collected in
comparable canals, were lower of about one order of magnitude, being
respectively at 73 ng L−1, 65 ng L−1 and 74 ng L−1. This is likely due
to differences in specific emissions and water circulation: each sample
should therefore be regarded as representative of its local site, rather
than an extended area. Samples from Ve1, Ve2 and Ve3 showed an in-
crease if compared to the first sampling, while Ve4S2 decreased. Nota-
bly concentrations remained in the same order of magnitude even in
different seasons (April vs. October). As in Venice, in Burano the highest
levels were detected in the inner part of the island, namely Bu2S2
(353 ng L−1) and Bu3S2 (337 ng L−1). The outer samples, Bu1S2
(31 ng L−1) and Bu6S2 (60 ng L−1) were similar to the lower ones in
Venice. The concentrations in the lagoon samples are comparable to
the lowest ones found in the urban sites (Table SI8), confirming the di-
lution effect linked to water circulation. Salicylates were in general the
most abundant and widespread compounds, with the sum of Amyl,
Hexyl and Benzyl Salicylate constitutingmore than 50% of the total con-
centration in 60% of the samples. Other major FMs were Oranger crys-
tals, Ambrofix and Peonile, which were detected in most of the
samples, while Lemonile, Bourgeonal, Myraldene, Isobutavan, Okoumal
and Amberketal were found less frequently. Ultravanil, Pelargene,
Mefranal, Tridecene-2-Nitrile and Dupical were always below MDL in
the campaigns S1 and S2

3.2. Tidal dynamics

The third sampling campaign (S3) highlighted how FMs in the urban
canals become more concentrated during the low tide (Fig. 3). This
trend is clearly visible in Venice in both Ve1 and Ve2 and on both sam-
pling days. Total FMs start from around 500 ng L−1 during the high tide,
rising bymore than one order of magnitude after 6 h (Table SI9). Such a
behavior is consistent with a roughly steady emission of FMs through-
out the day. Remarkably, on the second day, concentrationswere higher
than on the previous one in both stations, despite similar tidal excur-
sions. In Burano total FMs during the high tide was one order of magni-
tude higher than during the previous campaign, reaching a following
peak of concentration of 16 μg L−1 during the mid-tide. The concentra-
tions slightly decreased during low tide (11 μg L−1), likely due to lower
emissions in the late afternoon if compared to the central part of the
day. As expected, the tidal height plays an important role in determining
the concentrations of FMs in the canals both in Venice and Burano.
However, the importance of the local sources and their variability was
highlighted once more.

Salicylates were observed to be the most abundant compounds also
in the campaign S3 and the sum of Amyl, Hexyl and Benzyl Salicylate
constituted 80% of the total FMs in sample Bu2S3B, confirming their im-
portance as major consumed and emitted fragrances. Oranger Crystals,
Ambrofix and Peonile were found in all the samples of S3, while
Lemonile and Amberketal were in some cases at concentrations compa-
rable to Salicylates. Unlike in campaigns S1 and S2, Ultravanil and

Fig. 2. Results of the campaign S2. Total FMs are reported near each sample.
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Pelargenewere detected in a few samples, whileMefranal, Tridecene-2-
Nitrile and Dupical were again lower than detection limits.

3.3. General considerations

The results of the three campaigns evidenced how FMs are related to
different dynamics in the various sites. The two most important factors
are likely the presence and variability of emitting sources and the dilu-
tion effect. Once released in the water, also degradation of FMs and ad-
sorption by particulate are processes that are likely to occur, however
probably at a time scale slower than the tidal current. The most impor-
tant consequence is that thewater circulation due to tide excursionwill
likely transport the FMs emitted in the urban area throughout the la-
goon. Italy is the most important consumer of detergents in Europe,
with a consumption of 12.6 kg per capita per year vs. the EU average
of 10.1 kg (HERA, 2004). The Italian law does not report emission limits
for the 17 FMs. Considering the diary production of 250 L of untreated
wastewater per person and an average percentage of 1% of FMs in the
personal care and household products (Zhang et al., 2013) we can esti-
mate with a large approximation a mean value of FMs in the sewage
around 1 mg L−1. This value is consistent with those found in the sam-
ples (approximately in the range 0.1–10 μg L−1) considering that the 17
FMs are a fraction of the fragrances in the personal care and household
products and taking into account the dilution effect of the water in the
canals and the possible degradation phenomena. For instance, a primary
treatment removes around 50% of Benzyl Salicylate and other FMs from
the wastewater (Simonich et al., 2000). This is almost the only process
applied to sludge in Venice, although the coverage is only partial. For
most of the samples, the concentrations reported above for benzyl and
Hexyl Salicylate are comparable to or lower than the final effluent emit-
ted from treatment plants (respectively 117 ± 23 and 15 ± 4 ng L−1).
The samples collected during the low tide are otherwise comparable
the wastewater influent (8960 ± 5320 and 4650 ± 380 ng L−1)
(Simonich et al., 2000). Other studies report similar values for Benzyl
Salicylate in WWTPs in Spain (Negreira et al., 2010) (Godayol et al.,
2015) and Japan (Kameda et al., 2011). We can conclude that the
inner canals of Venice and Burano become a sort of sewage, in particular
in low tide conditions. Consequently, the concentrations of Benzyl Salic-
ylate presented here (ldl-2400 ng L−1) are the highest among those

reported in the literature for surface waters: in Spain (nd-79 ng L−1)
(Negreira et al., 2010), (10–59 ng L−1) (Vila et al., 2016) and Japan
(nd-197 ng L−1) (Kameda et al., 2011)

Themaximumvalues of Salicylates found in our study (2–7 μg L−1 as
single compound) are far below the acute ecotoxicity to Daphnia and
other species (0.7–10 mg L−1) reported by the RIFM (Belsito et al.,
2012). However, even if these substances are not persistent pollutants
in the strictest sense, they are persistently emitted in the environment,
andwe therefore cannot rule out chronic toxicity, also considering their
oestrogenic effects or possible synergistic interactions (Charles and
Darbre, 2009; Zhang et al., 2012). It is likely that the urban emissions
containing FMs and other PCPs contribute to the overall toxicity of the
waters and sediments at a level comparable to that of the industrial
area (Picone et al., 2016), causing a decline of the plankton communi-
ties, if compared to other areas of the lagoon (Bianchi et al., 2003).

Consequently, the main open question is to identify the environ-
mental fate of these substances, namely whether FMs degrade in the
aqueous system, accumulate in sediments and biota or volatilize into
the atmosphere. Future studies should focus in particular on those
FMs detectedmore frequently and in higher concentrations, namely Sa-
licylates, Oranger Crystals, Ambrofix and Peonile. Obviously, this poten-
tial concern regards not only theVenice lagoon but also any placewhere
wastewater is not adequately managed.
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Fig. 3. Results of the campaign S3 and dynamics of the total FMs (ng L−1) at the sites Ve1, Ve2 and Bu2. The concentration of FMs shows an opposite trend than the tide level (cm above sea
level, a.s.l.).
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Supplementary material

Table SI1: Name, CAS and formulas of the 17 selected FMs. The molecular weight (MW), tenacity on blotter,
percentage use level, octanol-water partition coefficient (Log Pow) and vapour pressure at 20°C (hPa) are also
displayed (eindex.givaudan.com).

Name CAS# Formula MW Tenacity % LogPow hPa

Ultravanil 2-Ethoxy-4-methylphenol 2563-07-7

C9H12O2

152
Several
weeks

Traces
- 0.2%

2.2 -

Lemonile
3,7-Dimethyl-2(3),6-

nonadienonitrile
61792-11-8

C11H17N

163 3 weeks
Traces
- 5%

3.9 0.0133

Pelargene

Tetrahydro-2-methyl-4-
methylene-6-phenyl-2H-
pyran & 3,6-Dihydro-2,4-

dimethyl-6-phenyl-2H-
pyran & 3,6-Dihydro-4,6-

dimethyl-2-phenyl-2H-
pyran

30310-41-9 /
68039-40-7 /
68039-41-8

C13H16O

188
Several
weeks

Up to
2%

3.3 -

Mefranal
3-Methyl-5-

phenylpentanal
55066-49-4

C12H16O

176
Several
weeks

Up to
2%

3.3 1.1998

Bourgeonal
3-(4-tert-

Butylphenyl)propanal
18127-01-0

C13H18O

190
Several
weeks

Up to
5%

3.7 0.0053

Myraldene
4(3)-(4-Methylpent-3-

enyl)cyclohex-3-
enecarbaldehyde

37677-14-8
52475-89-5

C13H20O

192
Several
weeks

Up to
5%

4.4 0.0067

Tridecene-
2-Nitrile

2-Tridecenenitrile 22629-49-8
C13H23N

193
Several
weeks

Traces
- 0.5%

5.5 0.0027



Amyl
Salicylate

Pentyl 2-hydroxybenzoate
& 3-Methylbutyl 2-
hydroxybenzoate

2050-08-0
87-20-7

C12H16O3

208
Several
weeks

Up to
10%

4.4 0.0040

Oranger
Crystals

2-Acetonaphthone 93-08-3

C12H10O

170
1 month

+
0.1% -

3%
2.8 0.0013

Dupical
4-(Octahydro-4,7-

methano-5H-inden-5-
ylidene)butanal

30168-23-1

C14H20O

204
Several
weeks

0.1% -
0.5%

4.1 0.0013

Isobutavan
/ Vanillin

isobutyrate

4-Formyl-2-
methoxyphenyl 2-
methylpropanoate

20665-85-4

C12H14O4

222
Several
months

Up to
2%

2.0 >
0.0013

Hexyl
Salicylate

Hexyl 2-hydroxybenzoate 6259-76-3

C13H18O3

222
Several
weeks

2 - 5% 4.9 0.0013

Ambrofix /
Ambroxide

Dodecahydro-3a,6,6,9a-
tetramethylnaphtho[2,1-

b]furan
6790-58-5

C16H28O

236 1 month
Traces
- 2%

> 6.0 0.0013

Peonile
2-Cyclohexylidene-2-

phenylacetonitrile
10461-98-0

C14H15N

197
1 month

+
1% -
10 %

4 0.0004



Okoumal

2,4-Dimethyl-2-(1,1,4,4-
tetramethyltetralin-6-yl)-
1,3-dioxolane (trans & cis

isomers)

131812-67-4
/ 131812-51-
6 / 131812-

52-7

C19H28O2

288
1 month

+
0.5% -

4%
5.7 0.0006

Benzyl
Salicylate

Benzyl 2-hydroxybenzoate 118-58-1

C14H12O3

228
Several
weeks

Up to
40%

4 <
0.0013

Amberketal

3,8,8,11a-
Tetramethyldodecahydro-
5H-3,5a-epoxy-napht[2,1-

C]oxepin and isomers

57345-19-4

C18H30O2

278
1 month

+
Traces
- 1%

5.7 0.0011

Figure SI1: Tidal excursion during sampling campaign S2. Red circles highlight sampling periods.



Table SI2: Ions (m/z) selected for quantification and identification of the analytes.

Quantifier Ion Qualifier Ion
Ultravanil 124.1 152.1
Lemonilea 148.1 162.1
Pelargene 129.1 188.1
Mefranal 91.1 176.1

Bourgeonalb 175.1 190.1
Myraldeneb 192.1 149.1

Tridecene-2-nitrileb 164.1 192.1
Amil Salicylateb 120.1 208.1

Oranger Crystals 155.1 170.1
Dupicalb 135.1 120.1

Isobutavan 152.1 222.1
Hexyl Salicylate 120.1 222.1

Ambrofix 221.1 236.4
Peonile 197.1 130.1

Okoumal 273.1 215.2
Benzyl Salicylate 91.1 228.1

Amberketal 190.2 218.2
a Sum of four isomers. b Sum of two isomers.

Figure SI1: Chromatogram (TIC) of a standard solution of the analytes (50 ng µL-1).



Table SI3: Mean recoveries and standard deviations determined at different concentrations.

Recovery % (50 ng L-1) Recovery % (500 ng L-1) Recovery % (20 µg L-1)
Ultravanil 85 ± 16 89 ± 11 95 ± 3
Lemonilea 79 ± 13 82 ± 10 85 ± 2
Pelargene 80 ± 28 78 ± 18 82 ± 3
Mefranal 84 ± 18 79 ± 12 82 ± 2

Bourgeonalb 81 ± 14 81 ± 13 88 ± 3
Myraldeneb 80 ± 5 81 ± 8 84 ± 2

Tridecene-2-nitrileb 63 ± 27 65 ± 15 72 ± 3
Amil Salicylateb 79 ± 9 83 ± 9 82 ± 3

Oranger Crystals 86 ± 11 85 ± 6 88 ± 3
Dupicalb 81 ± 31 77 ± 19 84 ± 3

Isobutavan 84 ± 17 83 ± 10 88 ± 2
Hexyl Salicylate 76 ± 11 83 ± 7 80 ± 3

Ambrofix 78 ± 9 79 ± 8 82 ± 3
Peonile 83 ± 7 81 ± 9 87 ± 3

Okoumal 79 ± 14 78 ± 12 83 ± 4
Benzyl Salicylate 82 ± 9 86 ± 9 86 ± 3

Amberketal 81 ± 15 80 ± 10 85 ± 3
a Sum of four isomers. b Sum of two isomers.

Table SI4 Details about trueness calculated using different Internal Standard: Vanillin 13C (Van),
Acenaphthylene 13C (Ace), Phenanthrene 13C (Phe) and Benzo(a)Pyrene 13C (BaP).

Trueness %
(13C Van)

Trueness %
(13C Ace)

Trueness %
(13C Phe)

Trueness %
(13C BaP)

Ultravanil 138 ± 32 106 ± 2 106 ± 3 206 ± 2
Lemonilea 129 ± 92 89 ± 4 94 ± 2 186 ± 5
Pelargene 146 ± 46 91 ± 1 91 ± 2 179 ± 2
Mefranal 191 ± 43 92 ± 2 92 ± 3 181 ± 2

Bourgeonalb 186 ± 40 99 ± 4 99 ± 2 195 ± 2
Myraldeneb 186 ± 56 94 ± 1 94 ± 1 185 ± 3

Tridecene-2-nitrileb 198 ± 55 69 ± 3 69 ± 3 135 ± 4
Amil Salicylateb 131 ± 27 85 ± 1 86 ± 1 170 ± 3

Oranger Crystals 254 ± 33 99 ± 2 99 ± 3 195 ± 2
Dupicalb 138 ± 64 91 ± 1 90 ± 1 178 ± 2

Isobutavan 129 ± 43 100 ± 3 99 ± 2 195 ± 2
Hexyl Salicylate 143 ± 30 77 ± 2 79 ± 2 155 ± 3

Ambrofix 230 ± 40 85 ± 3 85 ± 1 167 ± 4
Peonile 240 ± 38 97 ± 1 97 ± 2 191 ± 3

Okoumal 259 ± 73 78 ± 4 77 ± 3 153 ± 5
Benzyl Salicylate 152 ± 16 90 ± 1 91 ± 3 179 ± 1

Amberketal 357 ± 36 83 ± 3 86 ± 1 171 ± 5
a Sum of four isomers. b Sum of two isomers.



Table SI5: Mean blanks, Method Detection Limits (MLD) and Instrumental Detection Limits (IDL). MDL was
calculated as three times the standard deviation of the blank signal and the results reported in the tables
SI3 and SI4 are blank corrected.

Mean blank (ng L-1) MDL (ng L-1) IDL (pg)
Ultravanil 1,8 ± 0,1 0,4 18
Lemonilea 19,9 ± 7,5 22,4 83
Pelargene 2,0 ± 0,6 1,8 3
Mefranal - - - 5

Bourgeonalb - - - 4
Myraldeneb - - - 18

Tridecene-2-nitrileb - - - 3
Amil Salicylateb 10,6 ± 3,2 9,5 4

Oranger Crystals 0,9 ± 0,4 1,2 35
Dupicalb - - - 38

Isobutavan - - - 3
Hexyl Salicylate 7,6 ± 1,6 4,9 4

Ambrofix 2,5 ± 1,2 3,5 3
Peonile - - - 3

Okoumal 0,7 ± 0,2 0,5 4
Benzyl Salicylate 6,8 ± 3,6 10,7 5

Amberketal - - - 18
a Sum of four isomers. b Sum of two isomers.

Table SI6: Results of the filtering tests (ng L-1). Filtered and unfiltered lagoon water samples were
determined with the procedure reported in the text. The filter (Whatman QFF 47 0.7µm) was extracted by
sonication with 1 mL of toluene and 15 mL of dichloromethane. Results of the unfiltered total samples are
consistent with the sum of the filtered and particulate fractions.

Unfiltered Filter Filtered
Ultravanil nd nd nd
Lemonilea nd nd nd
Pelargene nd nd nd
Mefranal nd nd nd

Bourgeonalb nd nd nd
Myraldeneb nd nd nd

Tridecene-2-nitrileb nd nd nd
Amil Salicylateb 53.0 6.3 51.0

Oranger Crystals 13.0 1.1 8.6
Dupicalb nd nd nd

Isobutavan nd nd nd
Hexyl Salicylate 34.0 5.4 27.0

Ambrofix 18.7 nd 21.0
Peonile 26.0 nd 27.8

Okoumal nd nd nd
Benzyl Salicylate 34.0 2.7 26.0

Amberketal nd nd nd
Total (ng L-1) 179 16 161

a Sum of four isomers. b Sum of two isomers.



Table SI7: Results of the sampling campaign S4 (ng L-1). Samplings were performed every 5 minutes at the
site Ve1 to assess the short-term variability of the system (2016.01.11; A: 17:00 - B: 17:05 - C: 17:10).
Samples were collected during medium tide and while it was raining, in order to test repeatability with low
levels of concentration: as expected FMs resulted significantly lower than the previous campaigns at Ve1.

Ve1S4A Ve1S4B Ve1S4C
Ultravanil 0.9 0.8 0.5
Lemonilea ldl ldl ldl
Pelargene nd nd nd
Mefranal nd nd nd

Bourgeonalb nd nd nd
Myraldeneb 13.5 13.9 15.0

Tridecene-2-nitrileb nd nd nd
Amil Salicylateb 35.3 34.2 33.5

Oranger Crystals 11.4 6.2 3.9
Dupicalb nd nd nd

Isobutavan 6.1 5.6 5.2
Hexyl Salicylate 33.6 27.8 28.0

Ambrofix ldl ldl ldl
Peonile 27.8 24.4 27.8

Okoumal 1.5 1.1 0.8
Benzyl Salicylate 30.8 26.8 26.2

Amberketal nd nd nd
Total (ng L-1) 161 141 141

a Sum of four isomers. b Sum of two isomers.



Table SI8: Results of the sampling campaigns S1 and S2 (ng L-1).

Ve1S1 Ve2S1 Ve3S1 Ve4S1 Ve1S2 Ve2S2 Ve3S2 Ve4S2 Ve5S2 Ve6S2 Ve7S2 Ve8S2 Ve9S2 Ve10S2 Ve11S2 Ve12S2 Ve13S2 Ve14S2 La1S2 La2S2 Bu1S2 Bu2S2 Bu3S2 Bu4S2 Bu5S2 Bu6S2

Ultravanil nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Lemonilea nd nd nd nd 163 75.2 ldl nd nd nd nd ldl ldl nd nd nd nd ldl ldl 33.6 ldl ldl ldl ldl ldl 27.2

Pelargene nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Mefranal nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Bourgeonalb nd nd nd nd nd 0.7 nd nd nd nd 76.3 nd nd 33.3 nd nd 1.0 nd nd nd nd 107 106 54.9 nd nd

Myraldeneb nd nd nd nd nd nd nd nd nd nd nd nd nd nd 49.5 nd 30.1 nd nd 62.4 nd nd nd nd nd nd

Tridecene-2-nitrileb nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Amil Salicylateb 301 60.1 34.8 102 116 54.1 23.1 36.0 17.1 20.7 19.6 23 110 ldl 16.5 111 30.4 ldl 10.0 ldl ldl 68.1 84.9 29.1 102 ldl

Oranger Crystals 10.3 9.8 2.3 5.1 8.6 5.3 1.3 3.0 nd 1.5 1.9 nd 9.0 2.1 2.2 16.6 5.4 2.6 1.3 nd nd nd nd nd nd nd

Dupicalb nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Isobutavan nd nd nd nd nd nd nd nd nd nd nd nd 8.3 nd nd 6.6 nd nd nd nd nd 1.4 nd nd nd nd

Hexyl Salicylate 66.8 51.2 20.9 87.9 72.1 33.0 7.0 6.8 6.5 9.7 ldl 5.2 10.0 7.9 8.3 22.9 6.6 ldl ldl ldl 12.5 76.9 52.3 17.3 39.7 17.7

Ambrofix 13.1 7.4 4.2 13.9 27.3 18.7 6.2 7.1 5.6 5.6 nd ldl 24.8 ldl 8.3 25.6 5.4 ldl ldl ldl ldl 7.5 6.3 ldl 4.9 ldl

Peonile 62.1 88.6 nd 64.0 111 57.4 12.1 11.4 14.3 11.8 21.7 nd 265 10.7 22.0 55.0 27.3 12.5 nd nd 18.6 51.9 55.9 16.4 24.8 15.1

Okoumal nd nd nd nd 1.1 8.9 nd nd nd 0.6 nd nd nd nd nd 7.2 3.0 1.2 nd nd nd 0.9 nd nd nd nd

Benzyl Salicylate 37.2 56.7 ldl 75.4 104 68.0 23.8 37.7 38.9 15.2 34.3 11 117 19.9 24.9 230 56.6 16.4 16.0 11.5 ldl 39.7 31.4 ldl 16.5 ldl

Amberketal nd nd nd nd 296 nd nd nd nd nd 69.5 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Total (ng L-1) 490 274 62.1 348 900 321 73.5 102 82.4 65.2 223 38.5 544 74.0 132 475 166 33.7 27.3 107 31.1 353 337 118 188 60.0
a Sum of four isomers. b Sum of two isomers.



Table SI9: Results of the sampling campaign S3 (ng L-1). Sampling dates and times are reported.

Ve1S3A Ve1S3B Ve1S3C Ve1S3D Ve1S3E Ve1S3F Ve2S3A Ve2S3B Ve2S3C Ve2S3D Ve2S3E Ve2S3F Bu2S3A Bu2S3B Bu2S3C

2015.12.10 2015.12.11 2015.12.10 2015.12.11 2015.12.12

09:06 12:42 16:17 09:16 12:52 16:05 09:51 13:16 16:10 09:43 13:10 16:00 10:45 14:00 17:40

Ultravanil nd nd nd nd nd 46.9 nd nd 27.1 16.9 169 49.9 17.6 nd nd

Lemonilea ldl nd 240 219 nd 930 nd 850 586 nd 128 1328 324 307 1485

Pelargene nd nd nd nd nd nd nd nd nd nd nd nd 53.7 nd 353

Mefranal nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Bourgeonalb nd nd nd nd nd nd 2.0 nd nd nd nd nd nd nd nd

Myraldeneb nd nd nd nd nd nd nd nd nd nd nd nd 472 nd nd

Tridecene-2-nitrileb nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Amil Salicylateb 110 632 922 283 750 1220 109 880 1110 201 1150 2240 924 6750 3600

Oranger Crystals 23.7 94.5 74.4 20.9 80.1 123 30.3 82.3 56.8 20.7 84.9 84.0 171 190 168

Dupicalb nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Isobutavan 14.6 243 81.9 nd 104 220 12.7 nd nd nd 114 nd 91.1 nd nd

Hexyl Salicylate 79.3 270 505 170 647 1020 51.4 579 584 130 1750 1330 343 3390 2600

Ambrofix 6.2 86.0 148 47.1 69.4 192 11.9 88.2 128 102 143 119 98.8 304 115

Peonile 93.8 458 684 124 341 593 134 372 528 119 968 1060 209 2250 1280

Okoumal 4.0 nd 24.2 2.1 nd 169 5.2 17.9 34.2 18.7 47.0 42.1 38.5 2.7 59.1

Benzyl Salicylate 89.3 453 755 83.9 511 617 65.3 538 644 91.2 564 1700 218 2400 1180

Amberketal 41.8 nd 1150 nd nd 1730 nd nd 983 nd nd nd 531 nd nd

Total (ng L-1) 463 2240 4590 950 2500 6860 422 3410 4680 699 5120 7970 3490 15600 10800
a Sum of four isomers. b Sum of two isomers.
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