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Abstract:

The EuroMix project has developed a strategy for mixture risk assessment. In particular, it
has proposed a methodology that integrates exposures and hazard information to perform a
combined exposure assessment and to identify relevant mixtures of chemicals to which the
European population is exposed via food.
For a combined exposure assessment, substances were classified into cumulative
assessment groups (CAGs). Relative potency factors for each substance were calculated to
express exposure as toxicity-equivalents of a defined reference compound. Finally,
exposures expressed as toxicity-equivalents were summed for each individual in the food
consumption database and margins of exposure were calculated. The method to identify
relevant mixtures consists of risk-based identification of co-occurrent substances in diet for a
given time frame.
The data needed and the developed methodology will be presented and illustrated with
different case studies around the CAG liver steatosis performed with the EuromixToolBox.
EuroMix has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 633172
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Abstract:
Populations can be exposed to chemical mixtures from one or more non-dietary sources, in
addition to their dietary exposure. There is a need for general purpose tools that can
quantify the combined (aggregated) mixture exposure for the affected subpopulations. The
EuroMix toolbox provides a non-dietary module that can combine dietary exposures with
measurements, or external model results, representing non-dietary exposures. The
functionality originally developed in the EuroMix toolbox for dietary risk assessment and
mixture identification can now also be applied using the aggregated exposure sources.
Results from 3 case studies developed within the EuroMix project will be presented. These
illustrate the capabilities of aggregated modelling for diverse applications, compound groups
and health effects. In the following examples dietary exposures and the specified nondietary exposures were considered jointly:
•
•
•

Pesticide mixtures from incidental residential exposure due to arable crop spraying.
The UK adult population is considered and information on sprayed mixtures is taken
from the UK Pesticide Usage Survey
Bisphenol mixtures in personal care products, dust and thermal paper
Pyrethroid mixtures from air, dust, veterinary usage and medicine

EuroMix has received funding from the European Union’s Horizon 2020 research and innovation
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The Horizon 2020 EuroMix project aims to provide validated test strategies for hazard and exposure
assessments of chemical mixtures. A human biomonitoring (BM) study was performed to study the
exposure to chemicals present in foods and personal care products (PCPs). For two 24-hour study
periods separated by 2-3 weeks, adult volunteers (44 males and 100 females) in Norway kept detailed
diaries on food consumption (type/brand, weight, time and packaging material) and the usage of PCPs
(type/brand of product, time and number of applications, and number of showers and hand washes).
The participants also registered the number of thermal papers (TP) handled. In parallel, 24 hour urine
samples were collected. Bisphenol’s (BP’s), parabens, triclosan (TRCS), triclocarban (TRCB)
oxybenzone (OXB), imazalil and metabolites of phthalates and boscalid were measured in the urine of
the first day. Concentrations (log transformed) in urine were used in a multivariate linear regression
(MLR) analysis with the main food and PCP categories. Exposure to bisphenols BPA, BPS and BPF
from foods, PCPs, and TP was modeled for the study population. The EuroMix toolbox was used to
calculate individual external exposure from foods, aggregating dietary with non-dietary exposures from
PCPs and TP, and for the comparison with BM data. The good agreement between the ranges of
modeled and measured BPA amounts indicates that available concentrations, especially from the
main exposure source food, mirrored the exposure situation realistically, and suggests that the model
structure is applicable and considers the relevant exposure sources. For BPS and BPF, modeled
amounts mostly underestimated measured amounts, which suggests that the current data situation is
insufficient to represent actual exposures. Overall, the participants in the EuroMix BM study were
exposed to a mixture of phenols and phthalates. A variety of food categories and PCPs were found to
be possible sources of these chemicals. The results from the BM study indicate a complex pattern of
exposure to numerous chemicals, originating from multiple sources depending on individual diet and
PCP preferences.
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In Work Package 2 of the EuroMix project an in silico-based workflow has been set up which is
proposed to be used as a first tier in the risk assessment of chemical mixtures. The workflow consists
of four steps. The first step is the identification of chemicals that are relevant for food and feed and of
interest for combined exposures. In the second step, the probability that a chemical belongs to a
certain Cumulative Assessment Group (CAG) is determined using QSAR and/or molecular docking
models. The third step concerns the assignment of a relative potency factor (RPF) to each chemical
that was considered in the previous step to be part of the CAG of interest. If exposure data are
available, these relative potencies can be applied to scale the exposures of all mixture components.
Conservative, worst case NOAELs as the basis for RPFs can be derived using Threshold of
Toxicological Concern (TTC) concepts. Possibly more realistic estimates of potency can be derived
from the binding energies calculated by molecular docking, and ultimately NOAELs from read-across
based on chemical similarity to a data-rich compound should give the most realistic estimate. Finally,
in the fourth step, the mixture risk is determined by adding up all the scaled exposures of the mixture
components that are predicted to be part of a CAG. The in-silico workflow and all the data obtained
with the models for three CAG endpoints - hepatotoxicity, developmental toxicity and endocrine
disruption - are implemented in the EuroMix MCRA software tool. The models in the in silico mixture
risk assessment workflow can also be used for prioritization and ranking for further testing, i.e. to
identify the substances that contribute most to the calculated risk for a specific CAG.
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Abstract:
The EuroMix project test strategy for steatosis is a mechanism-based strategy, using the concept
of adverse outcome pathways (AOPs). An AOP describes, in a linear fashion, linkages (key
events relationships) between chemically-induced adverse effects (key events, KEs) at various
levels of biological organization, progressing from a molecular initiating event (MIE) to an adverse
outcome (AO) that is relevant to risk assessment and regulatory decision-making. Therefore, an in
vitro assay toolbox was developed to evaluate the role of mode of action (MoA) and key events of
chemicals. The bioassay toolbox contains optimal in vitro assays to detect MoA for liver toxicity
and maps to molecular initiating events (MIE) and key events (KE) of the AOP for steatosis.
Exposure-based as well as in silico (QSAR) proposed substances were assessed according to
this AOP-wise testing strategy.
When assessing combined exposure, it is essential to define the potency of each component
(relative potency factor) which allows the appropriate testing of each compound being assessed.
Therefore, relative potencies were computed by using benchmark dose modelling via PROAST
software. Equipotent mixtures were designed and tested in all assays of the developed EuroMix in
vitro toolbox. In the EuroMix approach, the default assumption is that the model of dose addition
applies to all substances that cause the same adverse outcome, i.e. steatosis. This assumption
could be confirmed for all substance tested so far in the AOP-wise in vitro assay toolbox.

EuroMix has received funding from the European Union’s Horizon 2020 research and innovation
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Euromix explored the possibilities and options that are available to carry out the risk assessment of
combined exposures to substances that cause craniofacial malformations. While exposure
considerations should take prominence in the identification of the compounds for which the
combined assessment should be prioritized, for the purpose of Euromix this part of the activity
focused on the adverse outcome. Hazard identification and characterisation need to be put into an
AOP to devise a strategy for both grouping compounds and testing mixtures. Also, it is essential to
define the relative potency factor (RPF) and the capability of quantitative extrapolation of in vitro
data (in vitro in vivo extrapolation, IVIVE) and the extrapolation from experimental animals to
humans by means of Physiologically Based ToxicoKinetics (PBPK). A tentative AOP has been
developed based of imbalance of the retinoic acid pathway supported by in silico and in vitro tests,
that included QSAR considerations and molecular docking, morphological observations and gene
expression assays in the embryonic stem cell test, the rat whole embryo culture, and the zebrafish
embryo (ZFE) toxicity assay. On the basis of the in silico and in vitro data the following compounds
were chosen for the in vivo study: cyproconazole, triadimefon (same molecular initiating event, MIE)
and valproic acid (different MIE). The question that has been asked relates to the level of
conservatism that is introduced by the inclusion in the cumulative assessment group of compounds
with dissimilar MIE but same phenotypic adverse outcome and the application of the dose-additivity
model.
.
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An adverse outcome pathway (AOP) is needed for both grouping and testing of compounds and
mixtures thereof, as understanding the molecular initiating events (MIE), the key events (KE) and
the KE relationships are especially fundamental when assessing combined exposure. In addition,
it is essential to define the potency of each component (relative potency factor, RPF) which allows
the appropriate weighing of each compound being assessed. This part of the EuroMix approach
focusses on testing compounds and mixtures that cause endocrine effects, i.e. feminisation, by
either targeting the estrogen receptor (ER) or androgen receptor (AR). It was shown that in-silico
molecular docking can be applied qualitatively in first instance to predict the affinity of compounds
to a specific receptor. Subsequently, in-vitro transcriptional activation (TA) assays were used to
establish the ER and AR agonistic and antagonistic properties and the cognate RPFs. However,
receptor docking, ER and AR TA assays do not allow determination of RPFs for compounds with
a dissimilar mode of action (MoA). Therefore, the fish sexual development test (FSDT) was used
to establish RPFs of compounds with a dissimilar MoA by examining the gonadal phenotype as an
endpoint of ER and AR MIEs, and expression of vitellogenin in zebrafish liver as a marker of the
MIE “ERalpha activation”. Testing of selected compounds and mixtures thereof in the rat
development test is ongoing. Preliminary results are in line with the expected effects of flutamide
regarding anogenital distance, nipple retention and cryptorchidism. In addition, marker genes for
KEs in the ERalpha and/or AR part of the AOP network, were selected from literature. Testis
tissue was collected for gene expression analysis (testing and analysis are ongoing).
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