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Abstract

Natural Complex Substances (NCS) are botanical extracts of unknown or variable composition (UVCBs).
Among NCS, resins contain long chain substances that are very difficult or impossible to identify with
reasonable resources representing a challenge to characterisation and toxicity assessment. This study
aims to provide an innovative and relevant method to identify the constituents of Galbanum (Ferula
galbaniflua Boiss.) resinoid, experimentally assesses and accurately predicts its ecotoxicity. A
fractionation technique was used to separate the NCS into three phases: “volatile”, “non-volatile but
potentially bioavailable” and potentially “inert”. The whole substance (WS) and each fraction were
tested as Water Accommodated Fractions (WAFs) for acute and chronic ecotoxicity to algae and
daphnids. Then, the toxicity of each fraction and the WS was predicted using i) an in silico method
adapted for mixture toxicity testing and ii) the classical additivity CLP/GHS, based on the analytically
determined composition. The volatile fraction was more toxic than the non-volatile fraction while the
inert fraction was not acutely or chronically toxic to algae or daphnids. The experimental daphnid
chronic toxicity was higher than the acute for the WS probably because of the larger molecules not
toxic up to their solubility limit in acute studies. The results from the experiments substantially
validated the in silico predictions which accurately predicted the toxicity of the fractions and the WS
even if rather conservative for chronic daphnid toxicity. Also, the in silico method mechanistically
explained the WAF test results and attributed the observed toxicity to specific constituents. However,
CLP/GHS overpredicted toxicity in all cases and failed to account for observed toxicity. Experimental
and in silico approaches appear to be highly complementary to deal with NCS. As experiments are costly
and difficult to perform, the in silico methods provide a rapid and cost-effective option to obtaining
data for difficult to test substances.

Keywords: Natural Complex Substance; ecotoxicity; in silico; Water Accommodated Fraction
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1. Introduction

Natural Complex Substance (NCS) (Api et al., 2022) are typically botanical extracts. NCS are substances
of unknown or variable composition, complex reaction products, or biological materials (UVCBs)
(Salvito et al., 2020). Their composition is variable due to source and process fluctuations and often
only partially known, making environmental risk assessment difficult (EFEQ/IFRA, 2016). This contrasts
with multi-constituent substances, which are better defined, with main constituent concentrations
between 10 and 80% (w/w) of the total and impurities counting for <10% (REACH, 2006; EFEO/IFRA,
2015).

The recommended approach to perform an environmental aquatic hazard assessment for UVCB
substances is to use Water Accommodated Fraction (WAF) toxicity assays (OECD 2019). This method
leads to the separation of the UVCB to different phases, allowing the exposure of the organisms to the
fraction of the substance which is dissolved and bioavailable. Such methodologies have typically been
employed by the fragrance industry’s essential oil products (termed Type 1 or NCS1, where at least 90%
of the substance has been characterised) and are used for regulatory purposes (Wheeler et al., 2020).
However, WAF lacks mechanistic interpretability, as it only provides "loading rates" without identifying
the activity of the constituents. Its application in hazard and risk assessment is therefore questioned.

In 2021, Bicherel and Thomas (2021) published an in silico method for toxicity estimation for complex
mixtures using an equivalent of the WAF methodology deemed applicable to (mostly) non-polar
narcotic mixtures such as essential oils. This novel in silico method mimics WAF studies for non-polar
narcotic mixtures using chemical activity principles. It predicts acute and chronic ecotoxicity Lethal or
Effect Loading Rate (LL50 or 10/EL50 or 10/ErL50 or 10) by i) calculating solubility and chemical activity
of constituents, ii) summing individual toxicities up to a critical activity threshold, iii) converting this
back into an equivalent loading rate. The method showed strong agreement with 13 reliable
experimental acute WAF studies on fish, daphnids, and algae (within a factor of 2), outperforming
standard additive models, which tend to overestimate toxicity. The in silico WAF method is therefore
considered fit for purpose for non-polar narcotic mixtures when constituents are known >90%. The
main limitations of the method are that >90% of the constituents in the mixture must be known for the
model to function correctly. Furthermore, the method has only been successfully validated for NCS1
where most constituents are known to be non-polar narcotics and the model has not yet been
demonstrated as applicable to more compositionally uncertain NCS (NCS2). The European Chemical
Agency (ECHA) indicated that the properties of each component of a UVCB should be analysed and
identified separately for constituents as low as to 0.1% for PBT assessment purposes (ECHA 2006; ECHA
2017). However, as well as having the same difficult properties as other NCS (i.e., variable composition
and volatile and/or hydrophobic constituents), NCS2s contain a large fraction of resins, waxes, etc.
which makes them particularly difficult to analyse in the laboratory.

In this project, named “Compartmentalised Hazard Assessment for Natural Complex Extracted
Substances (type 2)” (CHANCES2) we describe an innovative approach that aims to use a fractionation
approach (i.e., methods designed to effectively separate the mixture into fractions containing
constituents with certain similar physico-chemical properties). An NCS2 (Galbanum resinoid) was
divided into three fractions each with similar properties and each tested as an individual block as
follows: i) Fraction 1 composed of low to intermediate solubility, volatile components, ii) Fraction 2
composed of more soluble, non/semi-volatile, potentially bioavailable components, iii) Fraction 3
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composed of constituents that are non-volatile and insoluble, unmeasurable and expected to be
“Inert” (i.e. non-toxic in acute and chronic aquatic toxicity studies) and iv) the whole NCS2 substance
(unseparated fractions). The fractions and the WS were then tested using the following methodology.
First, each fraction was tested individually on aquatic organisms using both acute and chronic algae
and daphnid OECD Guideline studies under GLP. Then, the in silico WAF method was applied to each
fraction and compared to the experimental values. The WS toxicity was compared with the sum of the
three fractions. Finally, all the results were compared with CLP/GHS additivity method for classification.

Our research goals were to i) determine if a partially characterized NCS2 can be accurately assessed
experimentally, ii) evaluate if the WAF-based in silico method can be extended directly to mixtures with
different mechanisms of toxic action and iii) compare effectiveness of different calculation methods.
This comparison first used the published in silico method based uniquely on non-polar narcotic toxicity
regardless of the mechanism of action of the constituents, and also the mixture followed independent
action according to the mechanisms of action of each constituent. This approach represents a
potentially significant advancement in strategies for assessing and understanding complex natural
substances where traditional methods are insufficient due to the unknown composition of the
substances.

2. Material and Methods

2.1 Tested substance
NCS2 substance Galbanum resinoid (Ferula galbaniflua Boiss.) was tested. Galbanum resinoid extracts

were provided by dsm-firmenich. The substance was analysed and fractionated by University of Cote
d’Azur, France and this is fully described in an article by Canton et al. (2025).

2.2 Testing strategy of the NCS2
To characterise the overall ecotoxicity of the whole NCS2 and identify which part of the substance is

leading the toxicity of the whole NCS2, the substance was separated into three different fractions, as
follows:

Fraction 1 (= volatile fraction, VF): This typically represents < 10% to 40 % of the composition of NCS2
compounds. It is a fraction expected to be predominantly composed of terpenes, alcohols, ketones,
etc. which can be readily characterized by Gas Chromatography.

Fraction 2 (= non-volatile and bioavailable fraction, NVF-baf): This fraction was expected to include the
constituents which are not extractable in the previous phase (e.g. not volatile enough) but still be
bioavailable as at least slightly soluble (i.e., between 0.1 and 10 mg/L and characterisable using Liquid
Chromatography-Mass Spectrometry.

Fraction 3 (= inert fraction): This fraction is expected to comprise waxes, high molecular weight tannins,
alkanes and alkenes which are expected to be almost completely insoluble in water and therefore not
bioavailable.

After separation, the ecotoxicity of each fraction and of the whole substance (WS) was experimentally
assessed by Laboratoire des Pyrénées et des Landes, France, using the WAF approach (Fig. 1). An in
silico assessment of ecotoxicity was performed by KREATIS using their iSafeRat® software. In practice,
fractions 2 and 3 were tested together for simplicity to obtain information on the bioavailable fraction
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as the inert fraction was not expected to influence the result. The basic principles of the extraction of
the fractions performed from a sample of the WS are explained in the next section.

2.3 Characterization of the different fractions

The volatile fraction (VF) was separated from the non-volatile fraction (NVF-baf) by distillation under
reduced pressure. The VF was then characterized by gas chromatography coupled with mass
spectroscopy (GC/MS) and by gas chromatography coupled with flame ionization detector (GC-FID). B-
Pinene was identified as the main compound of the fraction (25.0%) ahead of bulnesol (7.2%) and
guaiol (6.9%). The NVF-baf was studied by high performance liquid chromatography (HPLC). Major
compounds were first targeted by HPLC coupled with mass spectrometry (HPLC-MS), evaporative light
scattering detector (HPLC-ELSD) and diode array detector (HPLC-DAD). The NVF-baf was then purified
by semi-preparative HPLC to isolate and identify the main components by one and two-dimensional
nuclear magnetic resonance (1D and 2D NMR). Finally, they were quantified in the NVF and in the
Galbanum resinoid extract by external calibration. Specific constituent peaks found in the three
fractions of the NCS2 were analysed. Due to the complexity of the test substance, it was not possible
to determine the complete substance profile, but the techniques allowed analytical determination and
production of analytical methods to follow-up on critical peaks (which were identified as major
constituents) and structurally similar substances, within the bioavailable phases. Two types of
information were available: 1) specifically attributed peaks linked quantitatively (as a percentage of the
fraction) to an identified substance (e.g., CioHis, terpinolene 0.3% with retention time of 13.64
minutes); 2) Peaks related to an unidentified substance but with a retention time and a percentage
(e.g., unknown, 0.2% with retention time of 15.54 minutes). In this latter case the structural formulae
of the nearest neighbours were used to identify the most probable chemical formula of the unknown
constituent, and these substances were pooled and attributed to the most similar profile (e.g., “B-
pinene-like") for use in the in silico calculations. The main intention was to demonstrate relative
presence of these substances in the tested fractions to allow their attribution to mechanistic, toxic
profiles for in silico predictions.

2.4 Ecotoxicology experimental methods

To assess the acute and chronic toxicity of the WS, the VF, inert fraction and the NVF-baf to daphnids
and algae was tested following OECD Guidelines (201: 72 hour-ErC10/ErC50 algal growth rate; 202: 48
hour-EC50 daphnids immobilization; 211: 21 day-EC10 daphnids reprotoxicity) and under Good
Laboratory Practice principles. As the in silico method WAF calculation for the VF (Bicherel & Thomas,
2021) is considered as fully valid, and WAF chronic tests are complicated to perform on such
substances, no chronic toxicity assessment of the VF fraction was performed on daphnids.

All fractions were obtained from the same batch as the WS. The three fractions and the WS were tested
following the WAF approach to accommodate the hydrophobic compounds in the aqueous medium.
The experimental loading rates for the WAF tests were prepared as follows:

Stock solution bottle kept closed under nitrogen and in darkness to prevent oxidation/photolysis of the
compounds.

Solutions were prepared using 1to 5 L cylindrical glass bottles closed with screw caps and fitted with a
drain port near the bottom for drawing off the WAFs. A magnetic stirring bar was placed in each mixing
vessel completely filled with test water (with a minimum headspace). The loading rates of the test item
were either weighed on glass slides and then placed under the surface of the test water contained in
the mixing vessels held by fishing line (e.g. for the VF) or in glass vials (approximate volume: 100 mL)
subsequently filled with approx. 100 mL of test water and sealed. If vials were used each glass vial was
placed in an ultrasonic bath at ambient temperature and sonicated for 40 minutes. The mixing vessels
were filled with the contents of the glass vials and closed. After approximately 24 hours of gentle
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stirring in the dark, at room temperature, the WAFs were allowed to stand undisturbed for at least 1
hour before use. The first 100 mL were discarded via the drain port.

The WAFs were thereafter added into test vessels.

The NVF-baf, due to inclusion of the inert fraction in the WAF preparation was treated in different ways
according to the test performed:

e In the acute daphnid study no separation of NVF-baf from the inert fraction was performed;

e In the algae study on NVF-baf, the highest test loading rate only of the NVF-baf was filtered
(0.45 um) to test this fraction without residual inert resins. Vessels were immediately closed
after filling with a minimum headspace. At the start of the test, the test solutions were
observed to be clear and colourless (Tyndall effect, checked via laser beam). The pH of the test
solutions was not adjusted;

e Inthe daphnid chronic study, all WAFs were filtered (0.45 um) to remove the insoluble fraction
(residual inert resins) before addition into test vessels.

For the inert fraction a supplementary step was performed: the contents of the vial of the NVF-baf
were filtered through a 0.4 um polycarbonate membrane filter to separate the soluble part from the
insoluble fraction retained on the filter. The membrane filter was immersed in 10 mL test water,
followed by sonication for 10 min. Then the contents of the vial, including the membrane filter, were
added in the 1 L mixing vessel pre-filled with test water (see above). Additional nitrogen was injected
into the headspace before closing the mixing vessel. After 5 days of gentle stirring) in the dark at room
temperature, the contents of the vessel were allowed to stand undisturbed for approx. 30 min before
use. The first 100 mL were discarded via the drain port.

The aquatic toxicity of NCS2 WAF was tested on the above fractions using a closed set up and static
conditions for the OECD 201 test and semi-static conditions for the OECD 202 test and the OECD 211.

In the first step, Galbanum resinoid was tested as range-finding studies on daphnids and algae. Various
test conditions (e.g., semi-static) and varying conditions of test solution preparation were tested prior
to initiating the definitive tests, e.g., with and without solvent, slow-stir preparation with different
stirring and/or settling times, differing separation techniques etc.

2.4.1 Monitored substances

A small number of substances identified by Canton et al, as “sentinel” constituents were analysed
during the studies for stability and ultimately quantification. Table 1 provides an overview of the
constituents monitored in each test.

2.5 in silico Water Accommodated Fraction prediction

The in silico ecotoxicity prediction of the WS and VF and NVF-baf fractions was carried out by KREATiS
SAS, France and was based on two steps. First, the acute and chronic toxicity to daphnids and algae of
each constituent identified in the WS and representing at least 1% of the composition was predicted
using the Quantitative Structure Activity Relationship (QSAR) modelling approach (Thomas et al., 2019)
as detailed in section 2.5.1. Then, each predicted value was used in a WAF calculation based on activity
principle as described in Bicherel & Thomas (2021) designed for calculating WAF toxicity for “baseline”
toxicants (commonly known as non-polar narcotics) and giving an Effect Loading leading to 10 (EL10)
or 50% (EL50) of effect for chronic and acute toxicity respectively as described in section 2.5.2. The
workflow is presented in Fig. 2. The KREATiS QSARs and WAF calculation were used as they represent
the only accurate in silico method for assessment of mixture toxicity of essential oils using the WAF
approach currently available, other methods proposing uniquely a CLP/GHS additivity type approach.
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2.5.1 Single-compound ecotoxicity prediction

The ecotoxicological values (e.g. ECx, ErCx) of each constituent to both daphnids and algae were
predicted using iSaferat® ecotoxicity model (algErC10 v2.4, algErC50 v2.1, daphEC50 v2.1 and
daphEC10 v2.3). The starting point for ecotoxicity prediction using iSafeRat® QSARs is the allocation of
a mechanism of toxic action (MechoA) as described in Bauer et al. (2018). In brief, MechoA is a
structural alert scheme containing 6 main classes and 26 sub-classes that designates a specific toxic
mechanism according to the chemical structure of each constituent. The sub-classes are linked to
QSARs containing substances relevant to that mechanistic sub-class. iSafeRat® ecotoxicological models
consist of a single-linear relationship between the subcooled liquid water solubility (SLWS, model
descriptor) and the ecotoxicity (model outcome). Each regression is specific to a MechoA, the trophic
level (e.g. daphnids, fish) and exposure (acute, chronic).

The mechanism of toxic action (MechoA) (Bauer et al., 2018) of each constituent was classified using
the MechoA Premium SAR v1.3. Once the MechoA was allocated, the ecotoxicological model descriptor
(SLWS), used as input was predicted for each constituent value using the iSafeRat® WatSol model v2.1.

2.5.2  VF, NVF-baf and WS ecotoxicity calculation

The WAF calculation was performed following methodologies outlined in Bicherel and Thomas (2021).
Predictions of individual constituents using iSafeRat® software were compared to experimental data
on constituents when available. In the case of Galbanum resinoid, he ecotoxicity of the VF, the NVF-
baf and the WS was predicted according two different methods: The first method based on the
hypothesis that if a complex substance contains a large fraction of non-polar narcotics, then all
substances will fall under the WAF calculation method proposed by Bicherel & Thomas (2021), (i.e.,
that all substances are non-polar narcotics, typically related to “baseline toxicity”). Initially developed
for NCS1 only, this approach calculates an effect loading (ELX), based on a series of calculations that
mimic the WAF experimental approach. The method is based on the chemical activity of each
compound, (i.e., the activity of a molecule is its effective concentration taking into account
intermolecular interactions modifying the water solubility). Briefly, the thermodynamic influence of
each constituent on the solubility of the others within the mixture (i.e., the concentration of each
constituent in the “loading rate”) is determined. Then, the non-bioavailable fraction is estimated
(bioavailability factor < 1) and removed to calculate the free concentration of each constituent exerting
toxicity. As this hypothesis was validated for non-polar narcotic compounds only (mechoA 1.1), each
substance related to a different MechoA was considered the same way. Finally, the loading rate was
adjusted until the sum of activities of the bioavailable fractions is equal to the fraction-weighted
average of toxic activity of each constituent. All the different steps of calculation are fully explained in
(Bicherel & Thomas, 2021).

The second method hypothesises that each constituent acts in accordance with its own MechoA. Thus,
constituents were classified into respective MechoA sub-Classes and the toxicity of each constituent
was predicted in accordance with its specific MechoA. Also, compounds with a MechoA other than 1.1
were related to a bioavailable factor of 1 (i.e., that the constituent is entirely bioavailable), representing
the worst-case situation. Under method two, the WAF calculation was used for MechoA 1.1
constituents and the additivity approach was used for fractions composed of constituents belonging to
other MechoA classes. This is an important step as using two different regressions (two different
MechoAs) for the same compound may result in substantially different ecotoxicity values, leading to
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significant changes to the resulting WAF calculation. The different strategies of calculations are
summarised in Table 2.

2.6 CLP/GHS mixture calculation

The standard regulatory method for additivity used for assessing mixture toxicity in the CLP/GHS
regulations (CLP 2008, add GHS) was applied to compare with the in silico WAF mixture predictions.
The iSAfeRat predictions for each constituent was used based on the acutal MechoA of each
constituent.

3. Results
3.1 Analytical results of the fractions

A brief overview of analytical results for each fraction is outlined below.

First, fraction 1 (VF) represented 34.5% of the WS, while fraction 2 (including both NVF-baf and the
inert fraction) represented 65.5% of the WS. For fraction 1 (VF), 99.8% of the constituents of the
composition were detected in the analysis, however Canton et al. (2025) identified only 21 substances
(representing 76.7% of the fraction) above 1%. Major constituents were terpenes, notably B-pinene
(representing 25.4% of the VF), bulnesol (7.2%) and guaiol (6.9%). Other minor constituents above 1%
were eudesmol isomers (8.9%), germacrene B (2.5%), elemene (2.1%), &-cadinene (1.9%) which are
sesquiterpenes with a larger carbon skeleton. For fraction 2 (NVF-baf), 7 constituents above 1% were
identified. The major constituent was galbanic acid (representing 14.3% of the fraction) which was
titrated at 11.9% in the raw material of Galbanum resinoid. The other main compounds in the NVF-baf
were farnesiferol A (10.9%), badrakemin (6.85%), colladonin (5.83%), feselol (2.31%) and kellerin
(2.87%). Umbelliferone was one of the minor compounds of NVF-baf and a raw material of Galbanum
resinoid.

For fraction 3 (“inert”), no identification of constituents was undertaken, all bioavailable parts of the
substance having been leached out by extensive washing (and included in the other fractions).

For detailed information on analytical characterisation of the fractions and the WS, refer to Canton et
al. (2025).

3.2 Acute and chronic ecotoxicity testing

All studies performed (under GLP) during this project were valid and met the OECD Guideline validity
criteria. Experimental results of ecotoxicity testing for each tested entity (VF, NVF-baf, inert fraction,
WS) and both trophic levels (daphnids, algae) are presented in Table 3. Acute toxicity was observed for
the VF and the WS for both daphnids and algae. The VF was the most toxic fraction to algae and
daphnids in both acute and chronic tests. The NVF-baf was less toxic in acute studies with
concentrations greater than the highest loading rate tested (50 mg/L, as loading rates were originally
100 mg/L but this included the inert fraction of approximately 50% of the NVF-baf). In chronic studies
the endpoint values were lower and chronic toxicity for daphnids was observed for all fractions except
the “inert” fraction. In this fraction, there was no statistical difference observed compared to the
control algae and daphnid studies. The largest differences in ecotoxicity were observed between acute
and chronic experimental daphnid toxicity studies on the WS with a 48h-EL50 of 23.5 mg/L and a 21d-
EL10 of 0.8 mg/L resulting in an acute to chronic ratio of 30.

3.2.1 Focus on the acute and chronic daphnid tests on the WS

Acute toxicity was observed with a median Effect loading rate (EL50) of 23.5 mg/L in the 48h daphnid
study suggesting limited toxicity of the WAF to these organisms (equivalent to “harmful” under
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GHS/CLP classification). Five constituents (f3-pinene, guaiol, bulnesol, galbanic acid and farnesiferol A)
were measured on 4 occasions during this semi-static WAF test, as sentinel substances to be tracked
during the test as an indication of stability over the test. Substance levels at the start of the test were
2-5 times below the concentrations measured by Canton et al. (2025) in the WS sample, in fresh
solutions which may be due to their water solubility and their thermodynamic relationship with other
substances in the mixture when placed in aqueous solutions. These measured concentrations were
therefore not used to adjust the loading rates, but these concentrations were observed to be well
conserved in the old solutions. Based on these “nominal” loading rates, a clear concentration response
was observed between 9 and 50 mg/L (from 0 to 100% immobilisation) and were therefore the best
indicator of toxicity used for the in silico predictions. Use of nominal loading rates is also recommended
in OECD GD 23.

Chronic toxicity was observed at 0.8 mg/L in the 21-day Daphnia reprotoxicity study suggesting much
higher toxicity of the long-term exposure to the WAF (equivalent to “very toxic” under GHS/CLP
classification) than in the acute study. B-pinene, germacrene B and galbanic acid were monitored
during the 21 days of the test to WS. The results, presented in Tables 1 to 3 in Supplementary Material,
revealed that substance levels at test start were 10 times below the concentrations measured by
Canton et al. (2025) for B-pinene and lower still for Germacrene B. Once again, this reduction compared
to the original constituent concentration reported for the same sample of the substance in Canton et
al. is considered as normal in a WAF test. While the concentrations were not used to recalculate the
original loading rates values of the ecotoxicity studies, they provided useful information on stability of
test solutions during the study. The concentrations of 3-pinene and galbanic acid were observed to be
well conserved in the old solutions with losses between 10 and 30%. Conversely, germacrene B was
very poorly conserved between fresh and old solutions with losses around 70%, although every effort
was made to maintain the concentrations (daily renewal of test solutions, closed conditions with
minimum headspace). Based on the original loading rates as analysed by Canton et al. 2025), a clear
concentration response was observed between 0.6 and 2 mg/L loading rates (with 4 to 66% reduction
in offspring compared to the control). Despite the interest of inclusion of sentinel substances to follow
stability throughout WAF tests, it is considerably more practical and useful to base results on nominal
loading rates due to the potential occurrence of unexplainable differences between nominal and
measured constituent concentrations.

3.3 In silico Analysis

First, a MechoA was classified for each of the constituents. The predicted and, when available,
experimentally determined ecotoxicity of constituents were compared and correlate well. The data are
included in the SI. All the identified constituents of the VF were assigned to MechoA 1.1 (non-polar
narcosis). In the NVF-baf, the major constituent (galbanic acid) was assigned to MechoA 5.2 (release of
protons in the cytosol of cells for all species) while the other constituents matched an alert, because
of the coumarin fragment, relating to metabolism in mammals, which fails to describe the mechanism
and toxicity in aquatic species. After literature research, the coumarin fragment was manually related
to MechoA 2.1 (hydrolysis to non-polar narcotic products), based on a few ecotoxicological datapoints
that were proved to fit with the QSAR regressions for MechoA 2.1. No excess toxicity could be identified
in these studies, while the metabolism described by MechoA Premium for mammals would lead to
higher toxicity if this occurred in aquatic species too. Following assignment, an E(r)C10 or E(r)C50 value
was obtained for each constituent and trophic level except for galbanic acid chronic toxicity to algae
where no model is available yet under iSafeRat® for that endpoint and carboxylic acid compound. All
the input and output values are presented in Tables 4 and 5 in Supplementary Material. As all the
constituents of the VF fraction belonged to MechoA 1.1, the predicted values were similar between
Method 1 and Method 2 for a given trophic level and exposure (e.g. acute vs. chronic). As all the
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constituents of the NVF-baf fraction did not belong to MechoA 1.1, predictions for Method 1 (based
on MechoA 1.1 ecotoxicity models) were consequently different from those obtained for Method 2
(based on MechoA 5.2 and 2.1, depending on the constituent). For a given constituent and trophic
level, the values of the predictions obtained with MechoA 1.1 were systematically lower (meaning,
more conservative) than the ones obtained with MechoA 5.2 or 2.1.

Second, using the WAF calculation, a E(r)L10 and E(r)L50 value was predicted for the VF, NVF-baf and
WS (Table 3). The E(r)L50 and E(r)L10 were obtained based on different levels of information such as
the constituent individual water solubility, ecotoxicity, activity and composition. The in silico prediction
of VF, NVF-baf and WS toxicity was performed using the concentrations measured by Canton et al. and
reasonable worst-case estimations to classify structures. In brief, as not all peaks were attributed to
specific structures, some compromise was necessary to process the impacts. In the VF, 68% of the
composition was attributed to 18 identified constituents accounting for at least 1%. For the VF in silico
assessment, it was necessary to conservatively account for the remaining 32% of constituents
characterized as unknown substances or representing less than 1% of the composition. Those
substances were added to the percentage of the most toxic monoterpene or sesquiterpene derivatives
identified in this fraction and being the closest based on the molecular formula and retention time.
Thus, three groups of substances were added to the initial list of 18 compounds > 1% as follows: the -
pinene-like substances (2.2%), the guaiol-like substances (13.30%) and the germacrene-B like
substances (9.10%). Thus, the vast majority of substance groups were covered by the calculations in a
conservative manner, despite the absence of full analytical data. For the NVF-baf, the calculation was
performed on the 7 compounds > 1%. To account for the inert fraction, which was a large part of the
composition from the final experimental result, a correction factor equal to the proportion of the inert
compounds in the NVF-baf was applied. For the “inert” fraction, no calculation was performed as no
identification of constituents was undertaken, all bioavailable parts of the substance having been
leached out by extensive washing (and included in the other fractions). However, as this fraction was
found experimentally to be innocuous in OECD 201, 202 and 211 tests, it was included in the calculation
for the WS as an inert fraction (i.e., equivalent to a blank space), thereby diluting proportionally, by
mass, the toxicity determined in the two other fractions. Finally for the WS, the percentage of each
constituent was calculated considering the percentage of the VF (fraction 1) and the NVF-baf (fraction
2), respectively. Fraction 1 represented 34.5% of the WS and fraction 2 represented 65.5% as the
loading rates where fraction 2 was based on both NVF-baf and inert fraction loading rates. The loading
rates obtained were also corrected to account for the inert fraction (fraction 3) at the WS scale
(=51.46% of fraction 2 and 33.7% of the WS). Following the distillation process, NVF (taken as both
fractions 2 & 3 (“inert”) together) of Galbanum resinoid extract represented about 65.5 + 1.5% of the
WS.

The predictions (summarised in Table 3) were performed following 2 methods: in silico Method 1:
standard WAF calculation taking all substances to be non-polar narcotics (MechoA 1.1) or in silico
Method 2: WAF calculation between different MechoAs. E(r)L50 and E(r)L10 predictions for VF were
the same between the in silico Method 1 and 2 as all the constituents belong to MechoA 1.1 and
therefore the E(r)C10 and E(r)C50 used for the WAF calculation were the same. For NVF-baf and the
WS, the in silico Method 1 provided E(r)L50 and E(r)L10 values systematically lower than the in silico
Method 2. CLP calculation results provided systematically the lowest value (=the most conservative
results) of the predictive approaches.

Along with the calculation, a Paretto graph was edited to highlight the constituents leading the toxicity
of the WS. An example is provided in Fig. 3 for the WS toxicity to daphnids. Under acute toxicity, B-
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pinene, galbanic acid and guaiol-like compounds explained ca. 50% of the toxicity. Then, 24 other
compounds of the VF and the NVF-baf were identified to increase the toxicity of the WS. Under chronic
exposure, a restricted number of compounds were identified to drive the toxicity of the WS, with
Germacrene and Germacrene B-like compounds leading ca. 60% of the toxicity. Then, 12 other
compounds were identified as contributing to the toxicity of the WS.

4 Discussion

The assessment of NCS2, such as Galbanum resinoid, remains a significant challenge in regulatory
ecotoxicology due to the variable and often poorly characterized nature of these UVCB substances. This
study demonstrates the utility of a combined experimental and in silico approach for evaluating the
acute and chronic aquatic toxicity of NCS2 substances and provides mechanistic insight into observed
toxic effects.

For all fractions tested, Method 1, using standard WAF calculations (MechoA 1.1 whatever the actual
MechoA), were close to the measured values of EL50 and EL10 (within a factor of 3) for both acute and
chronic studies with the in silico results the same as or slightly more conservative than the experimental
values. For Method 2, constituents within the NCS were treated as having different MechoAs (1.1, 2.1
& 5.2) using an additivity approach for non-narcotics, while the toxicity of non-polar narcotics present
were calculated following the WAF calculation. This method underestimated toxicity significantly in
nearly all fractions.

Specifically for the WS, the standard WAF calculation (method 1) was considered to perform extremely
well for the daphnid acute and algae acute and chronic. The chronic daphnid prediction appeared
overly conservative at first sight compared to the experimental results overpredicting toxicity by a
factor of 6. One explanation may be due to losses of germacrene B observed during the daphnid chronic
study resulting in a slight reduction of toxicity in the experimental study (Sl table 3). On the other hand,
Method 2 significantly underestimated the toxicity of both acute and chronic studies throughout. As a
general result, the in silico Method 1 provided E(r)L50 and 10 values lower than the values obtained
with the in silico Method 2. Values deviate from a factor of ca. 2 to 8 for acute toxicity, and from a factor
of 25 to 63 for chronic toxicity for daphnids. Such a difference between both methods can be explained
by the fact that NVF-baf and WS contains constituents belonging to another MechoA than 1.1. Thus,
the E(r)L50 and 10 were calculated in the Method 1 from E(r)C50 and 10 values obtained from
ecotoxicological model for MechoA 1.1 in Method 1 and from models for MechoA 5.2 and 2.1 in
Method 2. The regressions for MechoA 1.1 being steeper than the regressions for MechoA 5.2 and 2.1
(for acute and chronic algae and daphnids toxicity) and the constituents being poorly soluble, the
E(r)C50 and 10 values were derived from a part of the regression line where MechoA 1.1 exhibit a
higher toxicity than the two other MechoAs. Thus, the resulting E(r)L50 and 10 values obtained from
Method 1 were more conservative than for Method2. Nevertheless, Method 1 predicted experimental
toxicity exceedingly well in all cases, contrarily to Method 2. A precise explanation for this finding
remains to be elucidated as one might expect that toxicity estimations for mixtures would be improved,
not worsened by taking into account the specific mechanisms of toxic action of all the constituents.
The CLP approach significantly overestimates toxicity in virtually all cases (with the exception of the
NVF in the daphnid chronic study) with values at least 5 times and up to 80 times more conservative
than observed results. Itis recommended to consider use of this method with extreme care to calculate
ecotoxicity of natural complex substances.

A key finding is that the volatile fraction of the NCS2 was the principal contributor to the acute and
chronic aquatic toxicity, while the residual non-volatile or presumed "inert" fraction exhibited limited
and negligible toxic impacts, respectively. This supports the hypothesis that fractionation can help
isolate the bioavailable and toxicologically relevant components of complex mixtures. Importantly, the
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fraction-specific results allowed for the elucidation of relative toxicity contributions, much of the in
vivo data could be directly compared to the in silico values.

Among the predictive approaches evaluated, WAF calculation method, as implemented in the in silico
model of Bicherel and Thomas (2021), performed best. Despite being originally developed for NCS1
substances composed primarily of constituents known to be non-polar narcotics, the method showed
high predictive accuracy even for the more complex and partially unknown NCS2. Particularly for acute
endpoints, the predicted loading rates were closely aligned with the experimental data. Chronic
predictions were also accurate, with the exception that the model overestimated toxicity by a factor of
approximately six in the chronic daphnid endpoint for the WS, where the observed toxicity was 0.8
mg/L experimentally but predicted as 0.14 mg/L in silico. This overestimation of toxicity can be
plausibly explained by the observed (and unavoidable) experimental loss of key C15 compounds
(notably germacrene B and thus, presumably, structurally similar substances) during the chronic
daphnid study compared to the smaller constituents during chronic testing, likely due to volatility or
sorptive losses where such losses were not observed in the algae or short term daphnid study. C15
constituents were identified in the in silico model as major drivers of chronic (but less so in acute)
toxicity. This finding underscores the importance of ensuring test material integrity over time in chronic
studies and supports the role of in silico methods in identifying specific chemical and mechanistic
drivers of observed effects.

The comparative underperformance of the standard CLP additivity method highlights a broader
limitation in its applicability to UVCBs and complex mixtures. The CLP method was found to be
excessively conservative in all cases except for the daphnid NVFs, overpredicting toxicity by factors of
5 to 80 depending on the test. This was due to assumptions of total bioavailability and toxic
contribution from all components. Use of a modified hybrid method combining both CLP (additivity)
with WAF principles also failed to provide consistent or conservative predictions suggesting that the
exclusion of the non-bioavailable fraction throughout may be a significant contributor to accurate
estimation of the toxicity.

This study employed a two-tiered chemical analysis strategy. First, a detailed characterization was
conducted on the two fractions of the substance expected to contain the bioavailable and
toxicologically relevant constituents. The values from this in-depth analysis were used as a basis for
determining the nominal loading rates used in the in silico predictions. Second, a more targeted
analytical approach was used, employing a limited set of marker compounds (sentinels) to monitor the
behaviour of representative structures throughout the course of the ecotoxicity studies. It was not
possible to analyse more than a handful of constituents in this step and therefore in silico analysis
based on measured values was not appropriate. Furthermore, the WAF calculations have been
developed for use with the constituent concentrations from fully characterised multi-constituent
substances. Only the comprehensive compositional data previously provided (of which an overview
was published by Canton et al.) therefore proved adequate for generating reliable toxicity estimates.
Nonetheless, the targeted analytical data collected during the toxicity tests provided valuable insight
into key factors such as chemical stability, particularly under test conditions. For example, the observed
loss of germacrene B between fresh and aged test solutions during the chronic daphnid study provided
a plausible explanation for discrepancies between predicted and observed ECyo values in the daphnid
chronic study. Germacrene B and other C15 components were lesser contributors to short-term toxicity
due to their lower bioavailability and thus their lower potential to reach equilibrium with the test
organisms over the course of the study. and therefore have a lower contribution to toxicity (figure 3).

When comparing experimental outcomes across different species, exposure durations, and
fractionation strategies, the most accurate predictions were achieved using the standard WAF
calculation method despite the presence of three characterised mechanisms of toxic action amongst
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the constituents (MechoA 1.1 in the volatile fraction and MechoA 3.1 and 5.2 in the non-volatile
fraction). This was an unexpected result, suggesting that non-polar narcotic mechanisms (MechoA 1.1),
at least when they are abundantly present, overturn the other mechanisms of action and dominate the
overall toxic mechanism of Galbanum resinoid. Moreover, approaches involving full or partial additivity
(such as those prescribed by CLP, or hybrid models that apply WAF calculations only to narcotic
constituents), generally performed poorly. One possible explanation is that the presence of
hydrophobic narcotic substances may facilitate removal of non-narcotic substances in the WAF, thereby
reducing their bioavailability. This would explain why the CLP calculations were generally far too low.
Alternatively, the toxicity may simply be driven predominantly by the narcotic fraction, with non-
narcotic substances exerting relatively minor toxic impact in this case.

This finding has significant implications for both experimental design and regulatory assessment. It
suggests that exhaustive chemical characterization of all fractions may not be necessary to obtain a
reliable mechanistic and quantitative ecotoxicological profile for complex substances. Rather, detailed
analysis of the volatile fraction, along with a basic understanding of the carbon chain lengths and
structural classes present in the non-volatile fraction, may be sufficient to enable effective in silico
modelling. Experimentally, testing the relative toxicity of individual fractions also aids in interpreting
WS toxicity. If the so-called "inert" fraction is found to be devoid of bioavailable toxicants, further
analytical investigation of that fraction may be superfluous.

Another important observation relates to the unexpectedly high acute-to-chronic toxicity ratio for the
WS (observed as 30 experimentally; predicted as 177 in silico), which significantly exceeds typical
expectations of a factor of 10 for MechoA 1.1 mono-constituent substances. This discrepancy was
mechanistically explained by the differential contribution of constituents to acute versus chronic
toxicity. Smaller, more soluble (= less toxic) compounds (e.g., B-pinene) dominated acute effects,
whereas larger, more hydrophobic (= more toxic) molecules in the WAF (e.g., germacrene B) became
toxicologically relevant only under prolonged exposure. This, despite the fact that they are both
MechoA 1.1, was likely due to the increased bioaccumulation potential, lower solubility and therefore
bioavailability and thus slower partitioning kinetics of the larger molecules. The losses of Germacrene
B in the chronic study may help to explain discrepancies between the experimental and predicted acute
to chronic ratios. This phenomenon highlights the critical role of hydrophobicity in modulating
bioavailability and toxic action over time, even within a single MechoA class.

5 Conclusion

This study tested a novel approach using an NCS2 substance (Galbanum resinoid) where only a small
fraction had been previously characterized. The substance was fractionated based on physicochemical
properties into three components: volatile, non-volatile bioavailable, and “inert” fractions. Our
hypothesis proposed that only bioavailable fractions (volatile and non-volatile) contribute to acute and
chronic aquatic toxicity, allowing in silico modeling to be performed exclusively on these known
constituents while excluding the non-bioavailable fraction. The in silico Method 1, considering that all
the constituents belongs to MechoA 1.1, provided the closest match to the in vivo data while the
additivity approach recommended by CLP appeared as over-conservative in most cases.
Acute-to-chronic ratios for the daphnid studies were substantially higher than those typically observed
for mono-constituent substances. Our analysis revealed different substances driving toxicity in acute
versus chronic tests. With smaller, more soluble molecules (terpenes) mainly responsible for toxicity
during short-term studies and larger molecules (e.g., C15) in longer-term studies, resulting in relatively
higher toxicity. This phenomenon produces substantially larger acute-to-chronic ratios than would be
observed with mono-constituent substances, a prediction that was experimentally confirmed. These
findings demonstrate that for complex substances like the NCS2 tested, chronic toxicity cannot be
reliably predicted from acute experimental data alone. Nor can it be readily calculated by the simplistic
GHS/CLP method and this highlights the important role of including higher level competent predictive
methodologies in testing regimes for complex substances. Finally, this study highlights that in silico
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approaches combined with in depth analytics of the test material and carefully chosen experimental
testing, constitute a winning combination for such complex substances. The analytics provide a useful
characterisation of the NCS2 that can be exploited in the in silico tests. The results from the
experiments substantially validated the in silico predictions which accurately predicted the toxicity of
the fractions and the WS (even if the prediction was slightly conservative for chronic daphnid toxicity).
Furthermore, the in silico method provide mechanistic understanding of the WAF test results and
attributed the observed toxicity to specific constituents. However, the CLP/GHS method overpredicted
toxicity in all cases and failed to explain observed toxicity. This work represents the first of its kind in
this field and a second phase is currently ongoing to validate the approach and the results obtained
with Galbanum resinoid using another NCS2.

Acknowledgements

We thank RIFM for providing the samples of Galbanum resinoid and the RIFM scientific panel for
a preliminary review of the manuscript.

Funding

We thank RIFM for funding this project.

This work was partially supported by Université Cote d’Azur, CNRS and by the French government
through the France 2030 investment plan managed by the National Research Agency (ANR), as
part of the Initiative of Excellence Université Céte d’Azur under reference number ANR-15-IDEX-
01

References

Api, A.M., Belsito, D., Botelho, D., Bruze, M., Burton, G.A., Buschmann, J., Cancellieri, M.A., Dagli,
M.L., Date, M., Dekant, W., Deodhar, C., Fryer, A.D,. Jones, L., Joshi, K., Kumar, M., Lapczynski, A.
, Lavelle, M., Lee, I., Liebler, D.C., Moustakas, H., Na, M., Penning, T.M., Ritacco, G., Romine, J. ,
Sadekar, N., Schultz, TW., Selechnik, D., Siddiqi, F., Sipes, |.G., Sullivan, G., Thakkar, Y., Tokura,
Y. (2022). The RIFM approach to evaluating Natural Complex Substances (NCS), Food and
Chemical Toxicology, Volume 159, Supplement 1, 112715,
https://doi.org/10.1016/j.fct.2021.112715

Bauer, F., Thomas, P,, Fouchard, S., Neunlist S. (2017). A New classification algorithm based on
Mechanisms of Action. Computational toxicology. DOI: https://doi.org/10.1016/j.comtox.

Bauer, F.,, Thomas, P., Fouchard, S., Neunlist S. (2018). High-accuracy prediction of Mechanisms
of Action using structural alerts. Computational Toxicology 7, 36-45
https://doi.org/10.1016/j.comtox.2018.06.004

Bicherel, P, Thomas, P.C. (2021). Aquatic toxicity calculation of single substances and mixtures: A
chemical activity approach (Environmental Science &Technology 55(16) 11183-91)
https://doi.org/10.1021/acs.est.1c04389.

Canton, M., Thierry, M., Larras, F., Bicherel, P., Mata, L., Delpit, N., Lapczynski, A. Thomas, P.,
Antoniotti, S. (under review) Chemical Composition of Volatile and Non-Volatile Fractions of
Galbanum (Ferula galbaniflua Boiss.) Resinoid Used in Perfumery. Chemistry and Biodiversity.

CLP (2008) Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16
December 2008 on classification, labelling and packaging of substances and mixtures, amending


https://www.researchgate.net/profile/Franklin_Bauer
https://www.researchgate.net/profile/Paul_Thomas6
https://www.researchgate.net/profile/Samuel_Fouchard
https://www.researchgate.net/publication/320929434_A_New_classification_algorithm_based_on_Mechanisms_of_Action?_sg=ynF-gBmvgIGNMFRpDAiukUwWPiy_GhPLKE0xIrdMgUp1iOKd3FxViXKrAdy4m2wL2x2fu_HFfR_ipmU4SBm21kErRBHAB7fyBgh1tCQy.0Z8JE3NXrpclSNlaK644HLunxyRAWYNxkgVliPLv5olemYL47S79iroxZk7eB0p-IGpUTZtypC2FANCYvJ2S7w
https://www.researchgate.net/publication/320929434_A_New_classification_algorithm_based_on_Mechanisms_of_Action?_sg=ynF-gBmvgIGNMFRpDAiukUwWPiy_GhPLKE0xIrdMgUp1iOKd3FxViXKrAdy4m2wL2x2fu_HFfR_ipmU4SBm21kErRBHAB7fyBgh1tCQy.0Z8JE3NXrpclSNlaK644HLunxyRAWYNxkgVliPLv5olemYL47S79iroxZk7eB0p-IGpUTZtypC2FANCYvJ2S7w
https://doi.org/10.1016/j.comtox
https://www.researchgate.net/profile/Franklin_Bauer
https://www.researchgate.net/profile/Paul_Thomas6
https://www.researchgate.net/profile/Samuel_Fouchard
https://www.researchgate.net/publication/325900955_High-accuracy_prediction_of_Mechanisms_of_Action_using_structural_alerts?_sg=ynF-gBmvgIGNMFRpDAiukUwWPiy_GhPLKE0xIrdMgUp1iOKd3FxViXKrAdy4m2wL2x2fu_HFfR_ipmU4SBm21kErRBHAB7fyBgh1tCQy.0Z8JE3NXrpclSNlaK644HLunxyRAWYNxkgVliPLv5olemYL47S79iroxZk7eB0p-IGpUTZtypC2FANCYvJ2S7w
https://www.researchgate.net/publication/325900955_High-accuracy_prediction_of_Mechanisms_of_Action_using_structural_alerts?_sg=ynF-gBmvgIGNMFRpDAiukUwWPiy_GhPLKE0xIrdMgUp1iOKd3FxViXKrAdy4m2wL2x2fu_HFfR_ipmU4SBm21kErRBHAB7fyBgh1tCQy.0Z8JE3NXrpclSNlaK644HLunxyRAWYNxkgVliPLv5olemYL47S79iroxZk7eB0p-IGpUTZtypC2FANCYvJ2S7w
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.comtox.2018.06.004?_sg%5B0%5D=0MIemywMF5YhTEZ3N-LdPteC589xHZl4GZjQAsy_psNpRoXof6CD082LAhk3SqkAQhcyBLbg02HF6eOZHXrIMtrhwg.t1Zu2ZcDXjKa3Lhusro1wNNGBfI538VFNw2q0o-XEz9h3QcWowx_sBz2I093x2lBWpH7ID9ICZpBjV1WEQEnjQ

608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655

and repealing Directives 67/548/EEC and 1999/45/EC, and amending Regulation (EC) No
1907/2006

ECHA (2017). Guidance on Information Requirements and Chemical Safety Assessment. Chapter
R.11: PBT/vPvB Assessment. ECHA-17-G-12-EN. https://d0i/10.2823/128621

EFEO/IFRA (2015). Guidelines On Substance ldentification and Sameness Of Natural Complex
Substances (NCS) under REACH and CLP (http://efeo-org.org/wp-
content/uploads/2015/08/EFEO-IFRA-Guidelines-NCS-SIDREACH-CLP-Version-5-August-

2015.pdf)

EFEO/IFRA (2016). Guidelines on the Environmental Assessment of Natural Complex Substances
(NCS Essential Oils Guidelines environmental assessment of NCS-Final 26 May 2016
937176393_1_.DOCKX (ifrafragrance.org)

OECD (2004). Guideline 202 OECD Guideline for testing of chemicals: Daphnia sp., acute
immobilisation test. Adopted: 13 April 2004

OECD (2011). Guideline 201 OECD Guideline for testing of chemicals: Freshwater algae and
cyanobacteria, growth inhibition test. Adopted: 23 March 2006. Annex 5 corrected: 28 July 2011

OECD (2012). Guideline 211 OECD Guideline for testing of chemicals: Daphnia magna
reproduction test: Adopted: 3 October 2008

OECD (2019). Guidance Document On Aqueous-phase Aquatic Toxicity Testing Of Difficult Test
Chemicals Series On Testing And Assessment No. 23 (Second Edition)

REACH (2006) Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18
December 2006 concerning the Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH), establishing a European Chemicals Agency, amending Directive 1999/45/EC
and repealing Council Regulation (EEC) No 793/93 and Commission Regulation (EC) No 1488/94
as well as Council Directive 76/769/EEC and Commission Directives 91/155/EEC, 93/67/EEC,
93/105/EC and 2000/21/EC 2

Samsera, R., Delpit, N., Thomas P.C. (2016). Ecotoxicity of natural complex mixtures: raw material
of plants extracts which are resin-like solids. Poster. SETAC 2016, Nantes, France, 23-26 May 2016

Salvito, D., Fernandez, M., Jenner, K., Lyon, DJY., de Knecht, J.,, Mayer, P.,, MaclLeod, M.,
Eisenreich, K., Leonards, P., Cesnaitis R. (2020). Improving the Environmental Risk Assessment of
Substances of Unknown or Variable Composition, Complex Reaction Products, or Biological
Materials. Environmental Toxicology and Chemistry. Volume 39, Number 11—pp. 2097-2108
https://doi.org/10.1002/etc.4846

Wheeler, J.R., Lyon, D., Di Paolo, C. et al. Challenges in the regulatory use of water-
accommodated fractions for assessing complex substances. Environ Sci Eur 32, 153 (2020).
https://doi.org/10.1186/s12302-020-00432-4

FIGURES


http://efeo-org.org/wp-content/uploads/2015/08/EFEO-IFRA-Guidelines-NCS-SIDREACH-CLP-Version-5-August-2015.pdf
http://efeo-org.org/wp-content/uploads/2015/08/EFEO-IFRA-Guidelines-NCS-SIDREACH-CLP-Version-5-August-2015.pdf
http://efeo-org.org/wp-content/uploads/2015/08/EFEO-IFRA-Guidelines-NCS-SIDREACH-CLP-Version-5-August-2015.pdf
https://ifrafragrance.org/docs/default-source/guidelines/23702_gd_2016_05_27_efeo_ifra_guidelines_on_the_environmental_assessment_of_natural_complex_substances_(ncs).pdf?sfvrsn=65a814d1_0
https://ifrafragrance.org/docs/default-source/guidelines/23702_gd_2016_05_27_efeo_ifra_guidelines_on_the_environmental_assessment_of_natural_complex_substances_(ncs).pdf?sfvrsn=65a814d1_0
https://setac.onlinelibrary.wiley.com/authored-by/Salvito/Daniel
https://setac.onlinelibrary.wiley.com/authored-by/Fernandez/Marc
https://setac.onlinelibrary.wiley.com/authored-by/Jenner/Karen
https://setac.onlinelibrary.wiley.com/authored-by/Lyon/Delina+Y.
https://setac.onlinelibrary.wiley.com/authored-by/Knecht/Joop
https://setac.onlinelibrary.wiley.com/authored-by/Mayer/Philipp
https://setac.onlinelibrary.wiley.com/authored-by/MacLeod/Matthew
https://setac.onlinelibrary.wiley.com/authored-by/Eisenreich/Karen
https://setac.onlinelibrary.wiley.com/authored-by/Leonards/Pim
https://setac.onlinelibrary.wiley.com/authored-by/Cesnaitis/Romanas
https://doi.org/10.1002/etc.4846
https://doi.org/10.1186/s12302-020-00432-4

Whole substance

1
Fractionation
1
I ile Fracti
Whole substance Volatile Fraction N?n Vo.la“le re!ctlon Inert Fraction
(bioavailable & inert)
1 1 1 1
Water Accommodated Fraction (WAF)

' { | ‘
Acute * ty ~ L # X X
Chronic ¢ ~ X ~ « * «“ #

CHEMICAL
PREPARATION

ECOTOXICOLOGIC
TESTING

656
657

658 Figure 1: Experimental workflow for chemical samples preparation and ecotoxicological testing. A cross
659 means that no test was performed.
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662 Figure 2. Workflow for ecotoxicity value prediction (constituent level) and loading rate calculation (VF,
663 NVF-baf, WS) used for algal and daphnids acute and chronic toxicity assessment.
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674 Table 2: hypotheses tested for VF (Volatile fraction), NVF-baf (Non-volatile, potentially bioavailable
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Figure 3. Paretto graphs of the WS acute (A) and chronic (B) toxicity to daphnids based on method 1.

TABLES

Table 1. Specific constituents monitored throughout the ecotoxicological studies for the VF, NVF-baf

and WS samples.
Acute ecotoxicity testing Chronic ecotoxicity testing
Constituent CAS Algae Daphnids Algae Daphnids

number (OECD 201) (OECD 202) (OECD 201) (OECD 211)
B-pinene 127-91-3 VF, WS VF, WS VF, WS WS
Guaiol 489-86-1 VF, WS VF, WS VF, WS
Bulnesol 22451-73-6 VF, WS VF, WS VF, WS
Germacrene B | 15423-57-1 Ws*
Galbanic acid 3566-55-0 NVF-baf, WS NVF-baf, WS NVF-baf, WS NVF-baf, WS
Farnesiferol A 511-33-1 NVF-baf, WS NVF-baf, WS NVF-baf, WS NVF-baf

*Germacrene B was measured additionally in this study.

fraction) and WS.
Method 1 Method 2
Tested . , .
entit Features All the constituents act Each constituent acts according
v as non-polar narcotics to its specific MechoA
Predicted MechoA Non-polar narcosis (1.1)
VF fraction Ecotoxicity
. WAF
calculation approach
Acidification of cells (5.2),
NVF-baf . Non-polar narcosis Combination of narcosis of the
. Predicted MechoA .
fraction (1.1) parent molecule and enzymatic
hydrolysis (2.1)
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681

682
683
684
685

Ecotoxicity

. WAF Additivity (CLP)
calculation approach

Non-polar narcosis (1.1),
acidification of cells (5.2),

Non-polar narcosis L ,
Combination of narcosis of the

Predicted MechoA

1.1
Whole (1.3) parent molecule and enzymatic
substance hydrolysis (2.1)
Ecotoxicit
¥ WAF Additivity between VF& NVF-baf

calculation approach

Table 3: Summary of the experimental E(r)L50 and E(r)L10 ecotoxicity results for daphnids and algae
for each fraction and the WS versus predictions using 2 methods: Method 1 WAF based calculation
(from iSafeRat®) and Method 2 a modified additivity method (mixture of WAF and additivity
approaches) and the CLP (standard additivity) approach.

Endpoint = Fraction Insilico Method1 In silico Method2 CLP Experimental
Daphnids VF 7.73 1.04 6.9
EL50 NVF 46.3 93.2 14.8 >50
(mg/L) ws 23.5 60 3.21 23.5
Daphnids VF 0.04 0.01 -
EL10 NVF 0.72 18 2.07 2.01
(mg/L) WS 0.14 8.87 0.02 0.8
Algal VF 8 0.88 4.8
ErL50 NVF 52.7 131 8.41 >50
(mg/L) ws 24.4 198 2.62 34.5
Algal VF 5.03 0.08 1.5
ErL10 NVF 29.7 NC* NC* 50
(mg/L) WA 14.8 NC* NC* 13.4

*Not calculable as no QSAR model for galbanic acid available for algae EL10 using MechoA 5.2
**No data for algae EC10 located for the critical constituents



