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Abstract

The current approach for the assessment of regulated chemicals does not account for
human real-life exposure scenarios. These are featured by exposure to low doses of
multiple chemicals through different routes and pathways. For a novel risk assessment
paradigm, a number of true exposure scenarios, the co-occurrence of multiple adverse
outcomes and possible interactions need to be assessed. This special issue will consider
studies specifically designed to simulate real-life conditions of combined exposure to
chemicals and to derive respective safe exposure limits.

Abbreviations

AOP Adverse Outcome Pathways

EFSA European Food Safety Authority

IPCS International Programme on Chemical Safety
MoA Mode of Action

NOAEL No-observed-adverse-effect-level

RLRS Real-Life Risk Simulation

PPR Plant Protection Products and their Residues
WHO World Health Organisation
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Introduction



In regulated chemicals, safe exposure limits are set based on a) in vivo studies of single
chemicals administered at high doses to experimental animals, b) identification of the
no-observed-adverse-effect-level (NOAEL) assuming by default monotonicity and
considering only apical effects of adversity, and c) using non-validated uncertainty
factors, common for all chemicals. Though this is a practical and globally used approach,
the vast majority of human real-life exposure scenarios have two main key components:
low doses and many chemicals. The systematic neglection of a) real-life exposure
scenarios, b) early signs of adversity at molecular or cellular level, and c) the potential
for non-monotonicity (e.g. endocrine disruptors), and d) chemicals’ interactions in both
toxicokinetic and toxicodynamic (Sarigiannis and Hansen, 2012), challenges the real
value of the existing “safety limits” (Dekant and Colnot, 2013). Even newly developed
approaches such as grouping of chemicals for cumulative risk assessment are not
considering real-life exposure scenarios as they are based on regulatory toxicology
studies. Acknowledging the need for a paradigm shift of the current approaches for risk
assessment towards a Real-Life Risk Simulation (RLRS) approach, the present special
issue is intended to collect key articles and pioneering studies in support of this new
area of toxicology.

Problem Formulation

Five hundred years ago, Paracelsus laid the foundations of modern toxicology with
the quote “All substances are poisons; it is the dose that makes the poison”. His
observations showed that while small doses of a chemical might be harmless, or even
be used therapeutically, larger doses could be toxic. Since then, monotonicity became
the central toxicological assumption (Docea et al., 2018, Tsatsakis et al., 2018). This,
together with the study of individual chemicals as single stressors paved the way
followed so far for hazard assessment, consisting of studying one chemical at the time
at doses high enough to reveal toxicity in the highest level of biological organisation. In
addition, though the generally acceptable definition of adversity is “A change in the
morphology, physiology, growth, development, reproduction, or life span of an
organism, system, or (sub)population that results in an impairment of functional
capacity, an impairment of the capacity to compensate for additional stress, or an
increase in susceptibility to other influences” (IPCS, 2004), in practice the two latter
points have been systematically neglected.

Though for at least four decades risk assessment in different forms has been a hot
topic in most of toxicology congresses and publications all over the world, exposure
assessment, one of the crucial elements in risk assessment, has not gained so much
interest. This is strange as all toxicologists are taught already at the early phase of their
studies that dose is a critical measure and without knowing that proper risk assessment
cannot be performed. In pharmacology and animal testing dose is quite clear and in
most of the cases known. As to human toxicology the situation is different: the same
persons might have been exposed to multitude of chemicals through the diet,
environmental sources, use of consumer products or at the workplace (occupational
exposure) and many times at the same time or sequentially. This makes exposure
assessment even more complicated and hard to identify its linkage with long-term
adverse health effects. Since human behavior shows an appreciable degree of variety,
exposure will also vary greatly over the heterogeneous population, which differs with
the genetically homogenous, inbred strains of experimental animals currently used in
regulatory toxicology studies. Single-chemical analysis allows a determination of the
individual risk arising from one particular hazard occurring following exposure under
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specific conditions. However, it does not provide an integrated assessment of the
multiple risks triggered by exposure to different environmental stressors (chemical and
non-chemical, be them natural or anthropogenic) and at realistic doses (Saxton 2012;
Hernandez and Tsatsakis 2017, EFSA PPR Panel, 2017, Kostoff et al., 2018). In addition,
large numbers of chemicals with the same mechanism of toxic action can act jointly at
their unique molecular target when present at concentrations not associated with
observable effects alone. Their joint effects as well as possible interactions (Sarigiannis
and Hansen, 2012) can occur at concentrations of the individual components that, if
tested alone, would have produced effects too small to be measurable with the power
afforded by the current toxicological methodologies. These observations are of
relevance in light of realistic environmental exposure scenarios where multiple
chemicals are present at low concentrations (Ray and Richards, 2001, Thrupp et al.,
2017). Therefore, a number of true exposure scenarios are needed, and the choice of
each one of these scenarios will have a major influence on the results of an exposure
assessment (Makinen et al., 2002; Colosio et al., 2012, Landberg et al., 2017; Kim et
al., 2018,). Furthermore, the novel risk assessment paradigm would benefit by
implementing procedures for evaluating the co-occurrence of multiple adverse
outcomes, which is more in line with what happens in human settings. Preliminary data
should be supported with results from studies specifically designed to simulate real-life
conditions of combined exposure to chemicals and to derive respective safe exposure
limits (Tsatsakis et al. 2016; Tsatsakis et al. 2017; Docea et al. 2018; Kostoff et al.
2018).

Under this framework a number of questions arise: what is the relation of the current
toxicological approaches used for human (and environmental) protection with the real-
life exposure scenarios and the actual hazard under such scenarios? Are the current
approaches adequate for the derivation of sufficiently protective safe limits (Hernandez
et al., 2013; Chen et al., 2015; Maffini and Neltner 2015; Kostoff 2016; Borman et al.,
2017, Colnot and Dekant 2017)? What Real-Life Risk Simulation experiments are
proving? These are some of the questions foreseen to be addressed in the current
special issue.

Particular topics foreseen to be addressed in this Special issue:

The present special issue is envisioned to host key articles in relation to:

e Determination of real-life exposure scenarios

e Assessment of hazards and derivation of safety limits under real-life exposure
scenarios

e Development of new methodologies and experimental study protocols (in vivo, in
vitro, -omics and in silico) fit-for-purpose of hazard assessment and considering both
toxicokinetic and toxicodynamic.

e Put more emphasis on new tools such as Mode of Action (MoA)/Adverse Outcome
Pathways (AOP) to move towards a mechanistic-based risk assessment
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