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Occupational exposure to hexavalent chromium [Cr(VI)], a known lung carcinogen,
remains a relevant concern. When performing exposure assessment for risk assessment,
biomonitoring is an important tool, reflecting actual internal exposure of workers. Here,
we present total urinary chromium (U-Cr) biomonitoring data from several occupational

sectors, spanning 1980-2016 (n > 42,000). Based on these data, we estimated lifelong
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(40-year) occupational lung cancer risks in the Cr-plating and welding sectors. We used
published regression formulas to relate internal (U—Cr) and external Cr(VI) inhalation
exposures, allowing risk assessment based on a published lung cancer dose-response.
Generally, measured U-Cr levels decreased considerably over the study period. The
overall highest U-Cr P95 levels (representing realistic worst-case) were measured in the
interval 1980—1989 in casters, maintenance workers and welders (40—45 pg/L). By the
interval 2010-2016, the U-Cr P95 had decreased to <9.5 ng/L in all studied sectors.
Lifelong external Cr(VI) exposure estimation for 1980-2019 was 0.16—-0.32 mg/m? x year
for platers and 1.03 mg/ms3 x year for welders. Worst-case lifelong lung cancer relative
risk (RR) estimates were 1.28-1.56 for platers and 2.80 for welders; attributable risks
(AR) were 22-36% for platers and 64% for welders. Uncertainties that may have

impacted the risk assessment are discussed.
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A history of safe use is a backbone of safety assessments for many current probiotic
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species, however, there is no global harmonization regarding requirements for
establishing probiotic safety for use in foods and supplements. As probiotic
manufacturers are increasingly seeking to use new strains, novel species, and next-
generation probiotics, justification based on a significant history of use may be
challenged. There are efforts underway by a variety of stakeholders, including the
United States Pharmacopeia (USP), to develop best practices guidelines for assessing
the quality and safety of probiotics. A current initiative of the USP seeks to provide
expert advice specific to safety considerations for probiotics. Toward this goal, this review
provides a helpful summary guide to global regulatory guidelines. We question the
suitability of traditional animal toxicology studies designed for testing chemicals for
relevance in assessing probiotic safety. This includes discussion of the use of excessive
dose levels, the length of repeated dose toxicity studies needed, and the most suitable
animal species used in toxicology studies. In addition, the importance of proper
manufacturing practices with regard to final product safety are also included. Thus, an
outline of essential parameters of a comprehensive safety assessment for a probiotic are

provided.
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The Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH)
regulation was created to protect human health and the environment through the better
and earlier identification of harmful intrinsic properties of chemical substances on the
European market. One of its central aims was the promotion of alternatives to animal
testing, yet it has instead become a long tick-box list of IN VIVO experiments
questionable relevance to human health outcomes despite a global trend towards new
approach methods (NAMs) in chemical safety assessment. The Chemicals Strategy for
Sustainability (CSS), proposed by the European Commission in 2020, is a golden
opportunity to revise REACH in a significant and impactful way, yet proposals presented
so far have significant negative animal welfare consequences. There is still time to
correct the course of the ongoing REACH revision — proposals made herein offer a path
towards the promising future intended by the CSS. These proposals are anchored in
three vectors of action, varying in level of complexity — from changes that ECHA can
implement to improve existing processes, through technical changes aimed at
minimizing animal testing and increasing NAM acceptance, to deeper structural changes

to establish non-animal testing strategies as the basis for risk assessment.
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Titanium dioxide is a ubiquitous white material found in a diverse range of products
from foods to sunscreens, as a pigment and thickener, amongst other uses. Titanium
dioxide has been considered no longer safe for use in foods (nano and microparticles of
E171) by the European Food Safety Authority (EFSA) due to concerns over genotoxicity.
There are however, conflicting opinions regarding the safety of Titanium dioxide. In an
attempt to clarify the situation, a comprehensive weight of evidence (WoE) assessment
of the genotoxicity of titanium dioxide based on the available data was performed. A total
of 192 datasets for endpoints and test systems considered the most relevant for
identifying mutagenic and carcinogenic potential were reviewed and discussed for both
reliability and relevance (by weight of evidence) and in the context of whether the
physico-chemical properties of the particles had been characterised. The view of an
independent panel of experts was that, of the 192 datasets identified, only 34 met the
reliability and quality criteria for being most relevant in the evaluation of genotoxicity.
Of these, 10 were positive (i.e. reported evidence that titanium dioxide was genotoxic),
all of which were from studies of DNA strand breakage (comet assay) or chromosome
damage (micronucleus or chromosome aberration assays). All the positive findings were
associated with high cytotoxicity, oxidative stress, inflammation, apoptosis, necrosis, or
combinations of these. Considering that DNA and chromosome breakage can be
secondary to physiological stress, it is highly likely that the observed genotoxic effects of

titanium dioxide, including those with nanoparticles, are secondary to physiological



stress. Consistent with this finding, there were no positive results from the in
VItro and IN VIVO gene mutation studies evaluated, although it should be noted that
to definitively conclude a lack of mutagenicity, more robust IN VItro and in
VIVO gene mutation studies would be useful.

Existing evidence does not therefore support a direct DNA damaging mechanism for

titanium dioxide (nano and other forms).
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Chemical grouping and read-across are frequently used non-animal alternatives for
filling toxicological data gaps. When grouping chemicals, it is critical to define the
applicability domain because minor differences in chemical structure can lead to

significant differences in toxicity. Here, we present a case study on isoeugenol and methyl
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eugenol, which are scheduled for review by TARC in June 2023, to illustrate that
structural similarity alone may not be sufficient to group chemicals for hazard
classification. Isoeugenol and methyl eugenol are plant-derived phenylpropenes that
share similar physicochemical properties. The major metabolic pathway for isoeugenol
includes conjugation of the phenolic hydroxyl group with sulfate and glucuronic acid as
an efficient detoxification process, whereas the major metabolic pathway for methyl
eugenol involves benzylic hydroxylation and formation of the 1'-sulfoxymethyleugenol
which leads to carbocation formation. The carbocation can form DNA adducts and induce
genotoxicity and carcinogenicity. Consistently, genotoxicity and carcinogenicity alerts
are identified from 1N Silico prediction tools for methyl eugenol but not isoeugenol.
Moreover, the available toxicogenomic, genotoxicity, and carcinogenicity studies confirm
that these chemicals have significantly different bioactivities. Data on other structurally
similar chemicals further supports our conclusion that it is not appropriate to group

these two chemicals for cancer hazard classification.
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The aim of this study is to define chemical categories that can be applied to regulatory
read-across assessments for repeated-dose toxicity, by classifying toxic substances based
on their structures and mechanism of actions (MoAs). Hemolytic anemia, which often
appears primarily, was examined as an example. An integrated database was
constructed by collecting publicly available datasets on repeated-dose toxicity, in which
423 out of a total of 1518 chemicals were identified as capable of inducing hemolytic
anemia. Subsequently, by grouping these chemicals based on their chemical structures
and plausible MoAs on hemolytic substances, we identified the following categories: (i)
anilines, (ii) nitrobenzenes, (iii) nitroanilines, (iv) dinitroanilines, (v) ethylene glycol
alkyl ethers, (vi) hydroquinones, (vii) oximes, and (viii) hydrazines. In these categories,
the toxicant and the measurable key events leading to hematotoxicity were identified,
thereby allowing us to justify the categories and to discriminate the category substances.
Moreover, toxicokinetics seems to critically affect the hemolytic levels of the category
substances. Overall, the categories were validated through a comprehensive analysis of
the collected information, while the utility was demonstrated by conducting a case study
on the selected category. Further endeavors with this approach would attain categories

for other organ toxicity endpoints.
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Epyrifenacil (trademark name: Rapidicil®), a novel protoporphyrinogen oxidase (PPO)-
inhibiting herbicide, induces hepatocellular adenomas and carcinomas in male CD-1
mice after 78 weeks treatment. The mode of action (MOA) of these mouse liver tumors
and their relevance to humans was assessed based on the 2006 International Programme
on Chemical Safety (IPCS) Human Relevance Framework. Epyrifenacil is not genotoxic
and induced liver tumors via the postulated porphyria-mediated cytotoxicity MOA with
the following key events: #1) PPO inhibition; #2) porphyrin accumulation; #3)
hepatocellular injury; with #4) subsequent regenerative cell proliferation; and
ultimately #5) development of liver tumors. This article evaluates the weight of evidence
for this MOA based on the modified Bradford Hill criteria. The MOA data were aligned
with the dose and temporal concordance, biological plausibility, coherence, strength,
consistency, and specificity for a porphyria-mediated cytotoxicity MOA while excluding
other alternative MOAs. Although the postulated MOA could qualitatively potentially
occur in humans, we demonstrate that it is unlikely to occur in humans because of
quantitative toxicodynamic and toxicokinetic differences between mice and humans.
Therefore, this MOA is considered not relevant to humans, utilizing the IPCS Human
Relevance Framework; consequently, a nonlinear, threshold dose response would be

appropriate for human risk assessment.
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Pharmaceutical products must meet quality requirements to ensure the efficacy and
safety of pharmacological treatment. Non-compliance of medicines can cause economic
losses and compromise the patient's health. In this work, the risks of false
compliance/non-compliance decisions for parenteral antibiotics (cephalothin,
ciprofloxacin and metronidazole) were evaluated on the basis of analytical results,
measurement uncertainties and specification limits. Physicochemical and biological
quality assays were performed according to pharmacopeial procedures. Measurement
uncertainties were determined using the bottom-up approach or the probability of false-
positive/false-negative results. The risks of false compliance/non-compliance decisions
were estimated using the frequentist approach and Monte Carlo simulations. Guard-
bands were determined through a validated spreadsheet for calculating univariate and
multivariate acceptance limits. All risk values (particular risks and total risk,

consumer's or producer's risk) were below the maximum permissible risk value. The
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univariate and multivariate guard-bands defined more restrictive specification values,
reducing the risks of false compliance/non-compliance decisions. One antibiotic
presented unsatisfactory results regarding the drug content and was classified as out of
specification product. The application of risk management tools in the pharmaceutical
area contributes to improving the quality and safety of products and supports decision-

making.
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Exogenous metal particles and ions from implant devices are known to cause severe toxic
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events with symptoms ranging from adverse local tissue reactions to systemic toxicities,
potentially leading to the development of cancers, heart conditions, and neurological
disorders. Toxicity mechanisms, also known as Adverse Outcome Pathways (AOPs), that
explain these metal-induced toxicities are severely understudied. Therefore, we
deployed IN SiliCO structure- and knowledge-based approaches to identify proteome-
level perturbations caused by metals and pathways that link these events to human
diseases. We captured 177 structure-based, 347 knowledge-based, and 402 imputed
metal-gene/protein relationships for chromium, cobalt, molybdenum, nickel, and
titanium. We prioritized 72 proteins hypothesized to directly contact implant surfaces
and contribute to adverse outcomes. Results of this exploratory analysis were formalized
as structured AOPs. We considered three case studies reflecting the following possible
situations: (i) the metal-protein-disease relationship was previously known; (ii) the
metal-protein, protein-disease, and metal-disease relationships were individually known
but were not linked (as a unified AOP); and (iii) one of three relationships was unknown
and was imputed by our methods. These situations were illustrated by case studies on
nickel-induced allergy/hypersensitivity, cobalt-induced heart failure, and titanium-
induced periprosthetic osteolysis, respectively. All workflows, data, and results are freely
available

in https://github.com/DnIRKorn/Knowledge Based_Metallomi
g . An interactive view of select data is available at the ROBOKOP Neo4j Browser
at http://robokopkq.renci.org/browser/.
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The phototoxic potential of a number of furocoumarins is well established. On the other
hand, studies have shown that bergamottin, a furocoumarin containing a bulky,
hydrophobic side chain, has significantly less or is even absent of phototoxicity potential.
The OECD Test Guideline 432 3T3/Neutral Red Uptake (NRU) In vitro phototoxicity
test has shown to be a highly predictive test for identifying compounds that exhibit no
phototoxicological potential. In this study using OECD 432, the established phototoxic
furocoumarin 5-methoxypsoralen (5-MOP), 8-methoxypsoralen (8-MOP) and psoralen
were phototoxic, whereas bergamottin showed no phototoxic potential. When compared
to 5-MOP, 8-MOP and psoralen, bergamottin was clearly negative at molar-adjusted
concentrations that were more than 9 times higher than those that produced
phototoxicity in 8-MOP; nearly 16 times than those for psoralen and more than 36 times
higher than those for 5-MOP. These data using IN VItrO 3T3 NRU Phototoxicity Test
(OECD 432) are supportive of earlier studies showing bergamottin does not exhibit
phototoxicological properties. The detection and quantification of bergamottin should
therefore not contribute to the potential marker furocoumarins for risk management
interventions intended to reduce the phototoxicity of natural furocoumarin containing

preparations.
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Toxicology is moving away from animal testing towards IN VItrO tools to assess
chemical safety. This new testing framework requires a quantitative method, i.e. kinetic
modelling, which extrapolates effective concentrations IN VItroto a bioequivalent
human dose IN VIVO and which can be applied on “high throughput screening” of a
wide variety of chemicals. Generic physiologically based kinetic (PBK) models help
account for the role of toxicokinetics in setting human toxic exposure levels. Furthermore
these models may be parameterized only on In silico QSARs and g
VITrO metabolism assays, thereby circumventing the use of IN VIVO toxicokinetics for
this purpose. Though several such models exist their applicability domains have yet to
be comprehensively assessed. This study extends previous evaluations of the PBK model
IndusChemFate and compares it with its more complex biological complement (“TNO
Model”). Both models were evaluated with a broad span of chemicals, varying regarding
physicochemical properties. The results reveal that the “simpler” performed best,
illustrating that IndusChemFate can be a useful first-tier for simulating toxicokinetics
based on QSARs and In Vitro parameters. Finally, proper quantitative In
VItrO to IN  VIVO extrapolation conditions were illustrated starting with
acetaminophen induced 1N VItro cytotoxicity in human HepaRG cells.
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The difference between hazard and risk is crucial in risk assessment but rather unknown
by non-experts. Hyper-partisan activists could use this knowledge gap to amplify risk
perception by framing hazards as as-if risks, i.e., describing hazards as if their exposure
is critical. Thus, using this as-if risk framing can trigger impressions that a risk is
present. Until now, this framing technique and its rebuttal was not empirically analyzed.
Method

An experimental 2 x 2 factorial online study (N = 404) with repeated measures after
intervention was conducted to investigate how framing (hazard vs. as-if risk) and
stigmatization (stigmatized vs. non-stigmatized chemical agent) affects affective and
cognitive risk perception using an example of exposure to drifting pesticides.

Results
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As-if risk framing increased risk perception, effects of stigmatization were not observed.
However, the a-priori risk perception influences the recorded risk perceptions after the
experimental treatment. Rebuttal was successful, i.e., subjects with elevated risk
perceptions due to as-if risk framing reduced their risk perception after receiving
corrective information.

Conclusions

As-if risk framing investigated here is not a sequestered case. Accordingly, the present
study may offer general insights into correcting biased information that neglects the

difference between hazard and risk. Risk communicators can benefit from these insights.
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There is an identified need to revise the default air concentration values and
assumptions applied in assessing vapour exposure in the risk assessment of bystanders
and residents to plant protection products. To address this, we evaluated inhalation

exposure via vapour using previously unpublished data from 29 field and wind tunnel
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studies. The database comprises 35 trials with 11 active ingredients covering a wide
range of scenarios with respect to vapour pressure, crops, application rates and
European regions. Of the 961 individual measurements, 634 were below the Limit of
Detection (LOD), 282 were between the LOD and Limit of Quantification (LOQ) and only
45 (4.7%) were quantifiable. Ten individual non-normalized samples exceeded 0.1 pg/m?.
Of the 81 first-day measurements after the application, 36 were <LOD, and quantifiable
mean, 75th and 95th percentiles values were 0.114, 0.083, 0.552 pg/m?®kg Al applied/ha,
respectively. No robust correlations between air concentration and temperature, leaf
coverage, humidity, wind speed, and field size were identified; there is very limited
correlation between air concentration and vapour pressure and Henry's constant in a
subset of the data. These data indicate that potentially inhalable pesticide vapour within

or near fields occurs only at very low concentrations in real scenarios.
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Consumers experience inhalation exposure events that are characterized by fluctuating
substance air concentrations and typically exposure durations of less than 24 h. To
assess the risk of such exposure events, a comparison with toxicological derived limits
based on 24 h exposure duration per day is often necessary. Therefore, adjustments are
needed to bridge the different time durations. One approach to handle this issue was
recommended by the European Chemical Agency (ECHA) for consumer exposure. This

approach is especially noteworthy, because it does not rely on the validity of Haber's law
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(which states that only total intake matters) but uses a modified Haber's law (with
coefficient n = 3) as default. However, the proposed algorithm for its implementation can
lead to the situation that increasing the exposure duration leads to lower predicted risk,
which logically makes no sense. In this article, the correct way to implement the modified
Haber's law is presented, which avoids logical fallacies. The presented algorithm has
consequences for the sensitivity of the predicted risk regarding changes of exposure

duration and ventilation rate, which are investigated in this article.
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This paper describes DARAN (Defined Approach for Risk Assessment of New
Nitrosamines), an new defined approach that uses lines of reasoning based on structure-
activity relationship (SAR) patterns and Read-Across (RAx) to set transparent and

acceptable limits for new N-nitrosamines for which no toxicological data exist. We
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selected the compound 1-methyl-4-nitrosopiperazine (MeNP) as a target to calculate a
new acceptable limit on the basis of a more transparent and scientifically reasoned RAx.
We used publicly available databases and datasets to retrieve experimental in
vitro mutagenicity and In Vvivo carcinogenicity data for N-nitrosopiperazine
compounds and to form the chemical category for an RAx. We carried out SAR analyses
to try to understand patterns and to obtain interpretable inferences of variation in
carcinogenic potency among the N-nitrosopiperazines compounds and their differences
with the potent nitrosamines NDMA (N-nitrosodimethylamine) and NDEA (N-
nitrosodiethylamine). To estimate an acceptable limit for the target MeNP, we used the
scientifically based hypotheses and the evidence lines of about the influence of structural
attributes for a robust RAx. On the basis of the criteria proposed in the Assessment
Report EMA/369136/20202 and by using the SAR hypotheses obtained by the analysis,
we obtained a robust RAx, scientifically supported assumptions, which resulted in
TDso values predicted from the closest structurally related compounds and a worst-case

approach.
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Bisphenol F (BPF, 4,4'-methylenediphenol) has recently been selected as an alternative
to bisphenol A (BPA), which is used in the manufacturing of polycarbonates and epoxy
resins. This study aimed to investigate the general, and reproductive/developmental
effects of BPF. Therefore, BPF at dose levels of 0, 1, 5, 20, and 100 mg/kg/day was
administered daily by oral gavage to Sprague-Dawley rats during the pre-mating,
mating, gestation, and early lactation periods, and reproductive and developmental
toxicities including general systemic toxicities were investigated. A decrease in body
weight and food consumption was observed in the female rats treated with BPF at 20
and 100 mg/kg/day during the pre-mating and gestation periods. Additionally, gamma
glutamyl transpeptidase levels were increased in the female rats administered
100 mg/kg/day. At 100 mg/kg/day, ovarian weight decreased and vaginal mucification
increased according to a necropsy and histopathological examination, respectively.
Moreover, the number of implantation sites and litter size decreased at 100 mg/kg/day.
However, no significant BPF-related changes were observed in the male rats. Based on
the results of this study, the no-observed-adverse-effect levels (NOAELs) of BPF for

general systemic and reproductive effects were 5 and 20 mg/kg/day, respectively.



	Regulatory Toxicology and Pharmacology Vol. 136 (2022) December
	Editorial Board
	Research article
	Occupational exposure to Cr(VI) in Finland in 1980–2016 and related lung cancer risk assessment
	Review article
	Considerations for determining safety of probiotics: A USP perspective
	Review article
	REACHing for solutions: Essential revisions to the EU chemicals regulation to modernise safety assessment
	Review article
	A weight of evidence review of the genotoxicity of titanium dioxide (TiO2)
	Review article
	A Cautionary tale for using read-across for cancer hazard classification: Case study of isoeugenol and methyl eugenol
	Discussion
	Correct calculations of a “safe” daily dose of raw materials for homeopathic remedies. Re: Toxicological assessment compilation of selected examples of raw materials for homeopathic and anthroposophic medicinal products - Part 2. Regulatory Toxicology...
	Research article
	Formation and evaluation of mechanism-based chemical categories for regulatory read-across assessment of repeated-dose toxicity: A case of hemolytic anemia
	Research article
	Evaluation of the mode of action and human relevance of liver tumors in male mice treated with epyrifenacil
	Research article
	Conformity assessment of medicines containing antibiotics – A multivariate assessment
	Research article
	Integrated approach to elucidate metal-implant related adverse outcome pathways
	Research articleAbstract only
	Absence of phototoxicity/photoirritation potential of bergamottin determined In Vitro using OECD TG 432
	Research article
	Applicability of generic PBK modelling in chemical hazard assessment: A case study with IndusChemFate
	Research article
	Effects of as-if risk framing of hazards on risk perception and its rebuttal
	Research article
	Measured air concentrations of pesticides for the estimation of exposure to vapour in European risk assessments
	Research articleAbstract only
	Inhalation exposure assessments under REACH – Problems encountered using the approach recommended by the ECHA guidance R.15
	Research article
	Setting limits for N-nitrosamines in drugs: A defined approach based on read-across and structure-activity relationship for N-nitrosopiperazine impurities
	Research article
	Reproductive and developmental toxicity screening of bisphenol F by oral gavage in rats

