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chapter 01 | Introduction

The Health Council of the Netherlands is an independent scientific
advisory body whose legal task is to advise the Dutch Government

and Parliament in the field of public health, and health and health care
research. One of the areas is healthy working conditions. Advisory reports
are drawn up by committees, which are composed of scientific experts
from various expert fields. More information about the advisory reports,
the Health Council and its tasks and procedures, can be found on the

website, www.healthcouncil.nl.

1.1 Advice on chemical substances

At the request of the Minister of Social Affairs and Employment, the
Health Council evaluates the toxicity of substances to which workers

can be exposed in the workplace. The evaluations form the basis for
recommending a classification as a carcinogenic, mutagenic or
reproduction toxic substance, or a health-based occupational exposure
limit (health-based OEL). The Minister then uses the recommendations to
decide on the inclusion of the substance in the official List of Carcinogens,
Mutagens and substances toxic to Reproduction (CMR; Dutch Working

Conditions Act), and to set legally binding occupational exposure limits.

The evaluations and recommendations are performed by the Dutch Expert
Committee on Occupational Safety (DECOS) and its two subcommittees:
the Subcommittee on the Classification of Carcinogenic Substances, and

the Subcommittee on the Classification of Substances Toxic to
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Reproduction. In this guidance, the DECOS and its subcommittees are

indicated as ‘the committees’.

1.2

Over the past years, the Health Council has published several guidelines

Goal of the guidance

and advisory reports on the evaluation process of chemical substances

and the methodologies used, including:

+ Guideline for the calculation of occupational cancer risk values (2012);’

» Guideline to the classification of carcinogenic compounds (2010);2

» Prevention of work-related airway allergies: recommended occupational
exposure limits and periodic screening (2008);3

« Standard for dermal exposure in the workplace (2001; in Dutch,
summary also in English);*

» Adjustment of occupational exposure limits in case of unusual work
schedules (2001; in Dutch, summary also in English);®

» Toxicology-based recommended exposure limits (1996);°

* Gezondheidskundige aspecten van het begrip blootstelling en van het

meten/schatten ervan (1990, only in Dutch).”

The present guidance is a supplement to the technical guidelines
mentioned above. It outlines the advisory process and the general
principles used by the committees to advise. It has been compiled under

supervision of the committees.



chapter 01 | Introduction

The present guidance incorporates current methodologies and principles
also used by other scientific organisations, such as the Risk Assessment
Committee (RAC, European Chemicals Agency [ECHA], EU, 2017 and
2019), the Scientific Committee on Occupational Exposure Limits
(SCOEL, EU, 2017), the International Agency for Cancer Research
(IARC), and the collective expert appraisal report published by the French
National Agency for Food, Environmental and Occupational Health &
Safety (Anses, 2014).8"3 In addition, the committees reviewed and
discussed the latest developments and views in the public scientific
literature on evaluating scientific papers for hazard and risk assessment

purposes.

The committees may deviate from the guidance for each
recommendation. In that case, the reason will be explained in the
advisory report. Furthermore, the committees will continue to monitor
developments in methodologies, and adjust the guidance in the future if

necessary.

1.3 Public consultation

In addition to standard Health Council procedures, draft advisory reports
that are approved by the committees and the Board of the Health Council
are published on the website to give interested parties or persons a
one-time opportunity for a written comment on the scientific studies used

in the advisory report and on the judgement of these studies by the
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committees, and to point out possible inconsistencies in the argumentation
in the advisory report. The committees consider the received comments
for the final decision of the recommendation. Comments related to
feasibility, practicality, commercial or political views are not considered,
because the mandate of the Health Council is restricted to the state of the
art of health science. The duration of this public comment round is three

months.

1.4 International activities

The Health Council strives for a uniform European approach in
determining health-based recommended exposure limits. Therefore, the
DECOS works together, where possible, with Europe’s Nordic Expert
Group (NEG), the US National Institute for Occupational Safety and
Health (NIOSH) and Anses. The DECOS also liaises with the German
Ausschuss fur Gefahrstoffe (AGS) of the Bundesanstalt fur Arbeitsschutz
und Arbeitsmedizin, and the Senatskommission zur Prufung
gesundheitsschadlicher Arbeitsstoffe of the Deutsche
Forschungsgemeinschaft (DFG). Furthermore, the DECOS comments on
draft advisory reports submitted by the RAC and ECHA to third parties
under the European Registration, Evaluation, Authorisation and
Restriction of Chemicals (REACH?) legislation concerning substances for

which the Council previously issued advisory reports.

a2 The REACH Regulation aims to improve the protection of human health and the environment from the risks that
can be posed by chemicals, while enhancing the competitiveness of the EU chemicals industry.



chapter 01 | Introduction

1.5 Substances

The Health Council publishes its work programme for the following year in
September. Substances for which the Council received a request by the
Minister of Social Affairs and Employment are listed in the chapter on
Working conditions. The request concerns substances of concern that are
used in, or produced by, Dutch industry, and which fall outside the private
responsibility of the manufacturers or importers according to the Dutch
Working Conditions Law and Regulations and the REACH Regulation
(legislation regulating the authorisation of chemicals within the European

Union).

The substances can be mono-constituent chemicals, mixtures, complex
substances, and emissions, and can be grouped. They can occur in a
natural state or as a produced, used or intentionally or unintentionally
released agent.

* Mixtures are produced for certain purposes and contain several
substances, whereby each substance retains its own properties.

An example is ink.

« Complex substances are of natural origin and contain many
constituents, such as substances of unknown or variable composition,
complex reaction products, or biological materials (UVCBs).
Examples are crude oil and wood dust.

* Emissions. Workers may be unintentionally exposed to emissions

during their work. Examples are welding fumes, diesel engine exhaust,
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and emissions from iron and steel founding. The composition of the
emissions is often complex and variable, depending on the work
processes and actions.

* Groups of substances. The committees consider grouping of closely
related substances with comparable physicochemical properties and
structural similarities that are likely to have a similar toxicity profile, and
for which no complete toxic profile is available for part of the individual
substances. Examples are inorganic lead and lead compounds,
benzo(a)pyrene and polycyclic aromatic hydrocarbons, diisocyanates,

and wheat and other cereal dusts.

Medicines or plant protection products and biocides are excluded,
because evaluations of the safe use of these substances for humans,
animals, and the environment are performed by the Medicines Evaluation
Board and the Dutch Board for the Authorization of Plant Protection

Products and Biocides.

The committees assess the mixture, the complex substance, or the
emission as a whole, basing their advice on data and evidence of tested
material that can be considered ‘typical’ in composition. If insufficient data
are available, the committees check whether data from the individual
constituents can be used. The committees also make a choice about the
best exposure parameter. This can be a chemical constituent, for example

a substance that is associated with adverse effects of interest and is
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almost always present in the mixture, but also a constituent that serves as

a substitute for it and is easy to monitor.

1.6 Steps towards a recommendation

To recommend classifications and health-based OELs, the committees
need to identify the potential adverse effects (hazards), and to
characterise the hazards by assessing the existence of a relationship
between the substance under investigation and the observed adverse
effects. In regulatory toxicology, the identification and characterisation of
health hazards are part of a hazard assessment that by itself is part of the
risk assessment, which is used to manage health hazard risks in the
workplace. In risk assessment, the hazard classifications and the OELs

can be used to control, and thus to manage, these risks.

To identify and characterise the potential adverse effects, the DECOS and
the subcommittees start with a literature search (Chapter 2), followed by
assessing the quality of the individual studies (Chapter 3), and an
evidence synthesis on the existence of a relationship between exposure
and hazard (adverse effect) (Chapter 4). To propose a classification, the
subcommittees search for evidence of a relationship regarding the hazard
under investigation (mutagen, carcinogen, or reproductive toxicant). It
then use criteria on the strength of evidence to propose a classification

category (Chapter 5).
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To propose a health-based OEL, the DECOS searches for evidence of a
relationship regarding all possible adverse effects (local and systemic
effects; acute, short, mid and long term effects) and for studies with data
on quantitative relationships or associations between exposure and
identified adverse effects in order to characterise the hazard. These
quantitative relationships or associations are then used to derive health-
based OELs (Chapter 6) and to consider whether a skin notation should
be issued if a substance can cause adverse effects upon dermal exposure
(Chapter 7).
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chapter 02 | Literature search

The recommendations of the committees are established on what is
known in publicly available scientific literature; the Health Council itself
conducts neither experimental nor observational research. To be able to
identify and characterise potential adverse effects, data are needed to

assess a toxicological profile of the substance under investigation.

2.1 Search strategy

The search starts with the search for chemical hazard and risk

assessment reports that were published by other scientific organisations,

such as the:

* monographs by the International Agency for Research on Cancer
(IARC);

» opinions by the RAC of the European Chemicals Agency (EU);

« opinions by the Scientific Committee on Occupational Exposure Limits
(EV);

» assessment reports of sister organisations (i.e. NEG, DFG, ACG,
Anses, NIOSH, ATSDR);

» concise international chemical assessment documents (CICADs) by
the WHO;

* risk assessment reports by the European Union.

If such reports are available, the literature search starts at the last date of

the search mentioned in the relevant assessment report. In addition, the
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most relevant references in the reports are retrieved to be judged by the

committees.

Original studies and other reviews are retrieved using PubMed and
SCOPUS, and through screening the reference lists in the original studies
and reviews. The keywords used to extract literature include substance
identification terms and terms related to exposure, adverse health effects,
toxicology, kinetics, and mode of action. For the classification proposals,
the literature search is restricted to the technical terms related to

carcinogenicity, genotoxicity, or reproductive toxicity.

2.2 Data extraction

To obtain a complete toxicological profile of a substance under

investigation, the following information is extracted from the literature:

» Substance identification and physicochemical properties;

» Occurrence, production and use;

« Stationary and personal airborne exposure and biological exposure
monitoring techniques, as well as data on occupational exposure
routes, levels and characteristics;

+ Substance toxicokinetics; toxic mode of action/adverse outcome

pathways or pathogenesis;

Adverse effects (including acute, short, and long term effects);

Exposure-response relationships;
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» Data on existing classifications and labelling, Occupational Exposure
Limits (OELs), and Biological Limit Values (BLVSs).

Information on the toxicity of substances is derived from a variety of
research methods, including epidemiological studies, laboratory studies
with humans, animal (in vivo) experiments, cellular and tissue (in vitro or

ex vivo) studies, and computational methodologies and disciplines.

0 Health Council of the Netherlands | December 2021
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chapter 03 | Quality of the individual studies

After scientific literature has been collected, each study is assessed for
quality by judging its relevance, reliability, and validity. This is necessary
to prevent less relevant or low-quality studies from contributing
disproportionately to the strength of evidence. The three aspects may
influence each other to a certain extent. In addition, when judging the
quality of a study the committees look specifically at the research design,
the assessment of exposure and effect, and the practical execution of the

study.

The committees are aware that several methods are developed to
evaluate the quality of a study (see Section 3.2 for details). New scientific
insights and technological developments ensure that there is an ongoing
discussion about how best to judge or set up a study. As part of the
scientific community, the committee members closely monitor these
developments, and apply the generally accepted views in their

recommendations.
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3.1 Relevance

Regarding relevance, the committees judge whether the individual studies
give information on causal relationships or associations between exposure
and response in a qualitative (associations, mode of actions) and

quantitative way (exposure-response models).

The committees consider studies with data on adverse effects and
exposure-response models relevant, because these data are essential to
assess causal relationships or associations, and are needed to perform
quantitative risk analyses (modelling exposure-response relationships).
Data on the physical and chemical properties, toxicokinetics,
pathogenesis, and toxic mode of action/adverse outcome pathways are
considered relevant to understand how the substance induces adverse
effects, and are considered as supportive evidence for a causal
relationship. Data on source, use, exposure monitoring techniques,

and occupational exposure levels in the workplace are relevant to gain
insight into what the substance is used for, how it is applied, and to which

exposure levels people are exposed in practice.

3.1.1

Research in humans

Research methods

The committees prefer to address causal relationships or associations in
controlled human exposure studies, in which subjects are exposed to

exposure conditions similar to those in the workplace. Due to ethical and



chapter 03 | Quality of the individual studies

practical constraints, however, such studies are limited to safe exposure
levels in volunteers to assess toxicokinetics or acute or short-term effects,
to establish safe dosage ranges of medicines, or to identify and monitor
side effects. Therefore, occupational toxicity research in human subjects
mainly depends on observational studies, in particular on observational
studies with cohort, case-control, and cross-sectional study designs.
Particularly useful for evaluating mid- and long term adverse effects are
cohort studies, in which participants are free of the effect (disease) under
investigation at the start of the study and are followed over time (in some
fashion). In these studies, exposure and effect are often independently
measured, with the exposure occurring before the effect is assessed.
Case-control studies, in which participants already have the effect of
interest (cases) or not (controls) and exposure from the relevant period is
reconstructed, are useful for rare effects, because smaller numbers of
participants are needed compared to cohort studies. Cross-sectional
studies, in which exposure, body burden, and a measure of physiological
effect can be measured at one point in time, are useful to assess
exposure and body burden using up-to-date methods, but lack a clear
timeline from exposure to effect. In their evaluations, the committees
consider all observational designs, giving - if available - most value to
prospective cohort studies, because these types of studies are closest to

the designs of controlled human exposure studies.
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Animal experiments

The benefit of using laboratory animals (mammals) in toxicological
research is that it offers the possibility to study causal exposure-response
relationships and toxicokinetics under controlled exposure conditions
during a short or long term period, up to the entire life span of the animal.
Despite interspecies differences, the micro-anatomy of the body and many
physiological and pathophysiological processes are generally considered
comparable between humans and other mammals, but not necessary
identical. Animal experiments are a valuable model in hazard and risk
assessment, as it allows investigators to fill the gap in knowledge of

epidemiological and controlled human exposure studies.

In vitro and ex vivo test systems

To reduce animal experiments, in vitro and ex vivo test systems have
been developed for hazard and risk assessment purposes. In addition,
standardised in vitro and ex vivo skin and eye irritation and sensitisation
tests are considered sufficient to judge the irritation and sensitising
properties of a substance. Overall, in vitro or ex vivo studies could be
relevant in understanding early or acute biochemical or cellular toxic
effects, albeit without the complexity of interaction between cells or
tissues, and other biochemical processes in the body. At present,
however, no reliable and standardised test systems exist for studying

systemic effects.
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Computational (in silico) toxicology

As an alternative to animal testing, computational methods have been

developed to predict the toxicity of chemicals. Examples are:

* read across, in which information on toxicity of one substance is
predicted by using toxicity data of one or more other related
substances;

» physiologically based pharmacokinetic (PBPK) modelling, a
mathematical framework for predicting toxicokinetics of a substance;

» quantitative structure-activity relationship (QSAR) modelling, a
mathematical model to predict physicochemical, biological and
environmental fate properties of compounds based on the knowledge
of their chemical structure;

+ trend analysis methods to predict toxicity of a chemical by analysing
toxicity trends of other tested chemicals;

 quantitative in vitro to in vivo extrapolation (QIVIVE) of toxicity data.#

For certain methods, the OECD (Organisation for Economic Co-operation
and Development) has developed guidelines, such as the OECD guidance
on grouping of chemicals, and the OECD QSAR validation guidelines. As
with in vitro and ex vivo test systems, the relevance for the committees
lies in predicting the toxic properties and toxicokinetics, and in deciding

whether chemicals can be grouped.
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The availability of big data and the progress of deep learning stimulates
advanced computational modelling approaches for chemical risk
assessment.”” For example, these efforts make it possible to develop
adverse outcome pathway (AOP) frameworks, which describe a sequence
of biological events that lead to an adverse effect by mechanistic
reasoning. The committees expect that the development and use of such
advanced computational methods will expand in the near future, as
increasing efforts are made to reduce or replace animal experiments.
They will closely follow these developments for possible future use in their

evaluations.

3.1.2 Exposure assessment

To derive health-based OELs, the DECOS needs data on intensity
(exposure levels), time (duration, frequency, etc.) and timing of exposure.
More specifically, it searches for data from actual or historical (individual)
exposure measurements performed during work activities, or for data
reflecting occupational exposure conditions (intensity, time and route of
exposure) as much as possible. It should be clear that the exposure
preceded the induction of an adverse effect, taking into account the
latency period of the health effect being studied. Moreover, the authors of
human studies should address the use of protective measures to have a
more accurate insight in what the actual inhaled exposure levels were.

Studies providing these data are considered of high relevance.
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The subcommittees on the classification of substances also need
exposure data to be sure that the exposure preceded the induction of the
health effect, and that exposure occurred in the relevant time window
(effects on reproduction). However, data on intensity and time of exposure
is less important, because classification is based on the toxic properties of
a substance (hazard principle) and not on the intensity of exposure.
Exposure levels are only considered to rule out the possibility that general

toxicity may have influenced the adverse effect under investigation.

3.1.3 Adverse effects

The goal of classifying substances and setting OELs is to prevent
diseases (any condition that impairs the normal homeostatic functioning of
the body), disorders (structural or functional abnormality or disturbance) or
other adverse effects in workers who are exposed to hazardous chemicals
in the workplace, and in their progeny. These effects can arise after single
or repeated exposure, almost immediately upon exposure, or after a short
or long latency period. In addition, the committees consider any adverse
effect in humans of relevance, irrespective of its reversibility, severity or
specificity, or whether continuing exposure results in an adaptive

response.
When considering effects, the committees distinguish adverse and

non-adverse effects. Within the field of toxicology and risk assessment,

however, the difference between adverse and non-adverse is still under
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discussion.’®2 At the moment, the committees use the definition used by
the ECETOC (2002): ‘non-adverse effects can be defined as those
biological effects that do not cause biochemical, behavioural,
morphological or physiological changes that affect the general well-being,
growth, development or life span of a human or an animal’.?! A significant
biological effect is ‘a response to a stimulus in an organism or other
biological system that is considered to have substantial or noteworthy
effect (positive or negative) on the well-being of the biological system.
The concept is to be distinguished from statistically significant effects or
changes, which may or may not be meaningful to the general state of
health of the system’. In addition, the committees distinguish normal and
abnormal biological effects or responses in their evaluations, the first often
representing a normal homeostatic reaction to a stimulus. Normal
non-specific biological reactions can serve as an indication for causality,
although data on these reactions are generally not used to derive health-
based OELs.?
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3.2 Reliability and validity
The judgement on reliability concerns the correct and consistent use of
methods (precision), so that similar results can be produced under the

same conditions over time, by the same and other research groups

(reproducibility). Reliability also depends on how complete the reporting is.

Validity refers to whether results really represent what they are supposed
to measure (accuracy). The committees make a distinction between
external and internal validity. Internal validity is the extent to which a
method or study design provides results as close to the truth as possible,
while alternative explanations are ruled out. External validity is the extent
to which the results of a study can be generalised to other situations,

populations, or organisms.

3.2.1

Observational studies feature a more limited control of the circumstances

Epidemiological studies

under which exposure took place than experiments. Consequently, these
studies are more prone to random error or random variation in estimates.
In addition, all observational studies contain some degree of systematic
error (bias). Random errors concern the lack of precision (reliability),
whereas systematic errors concern the lack of accuracy (validity).

The essence of judging the quality of observational studies is to what

degree the investigators minimised random and systematic errors in their
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study through proper design, measurement methods, and conduct of the

study.2528

Regarding bias, it can affect the internal and external validity of a
study.?”?° |t is the result of limitations in study design or conduct, or

of a lack of correction for confounders, that systematically leads to an
erroneously stronger, weaker, or even inverted association compared to
the real association between a substance and the health effect of interest.
Many potential sources of bias may occur in epidemiological studies.

The committees pay special attention to the types of bias, which often
occur in observational research on occupational exposure: selection bias,

information bias, and confounding.

Selection bias

Selection bias may occur in cohort and case-control studies if exposed
and non-exposed groups - or the selected cases and controls,
respectively - are not truly comparable. In cohort studies, it is caused

by differential selection or loss-to-follow-up of study participants according
to their exposure status and outcome/disease status. An example is the
healthy worker effect, which reflects a healthier status of the workforce
compared to the general population, and may result in lower incidence or
mortality rates than expected. The healthy worker effect is less likely when
adverse health effects with a long latency period are considered, such as

cancer.?® Another example is a higher incidence rate than expected for
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subfertility, because reproductively unhealthy workers with unsuccessful
reproduction stay in the workforce. In case-control studies, the selection of
controls may not be representative of the population from which the cases
are derived. This may result in under- or overestimation of effect
estimates. Cross-sectional studies are often hampered by self-selection

of the study population or by changes in lifestyle habits as a result of the

disease, which precludes conclusions about exposure-effect associations.

Information bias

Information bias is the misclassification of study participants with respect
to exposure and/or effect, with the consequence that the participants are
assigned to the wrong category of exposure, effect, or both. It may occur,
for example, when participants are asked to recall their occupational
history and related exposures, which might be different depending on
whether or not they developed the adverse effect under investigation.
This form of bias can play a role in case-control studies and cross-
sectional studies in particular, but may also occur in cohort studies, for
example when assessment of the adverse effect is not independent of

exposure status.

Confounding
Confounding occurs when the effect of the exposure is mixed with an
effect of one or more other risk factors (confounders) for the adverse

effect of interest. The potential confounder should be associated with or
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precede the exposure, cause the outcome, and should not be on the
causal pathway of exposure to effect. An example is a study on
occupational exposure to a carcinogenic substance that causes lung
cancer. Another risk factor for lung cancer is smoking (cause of outcome).
When smokers are distributed disproportionally between exposed and
unexposed groups (association with exposure) and smoking does not
interfere with the induction of lung cancer by the substance under
investigation (not on the causal pathway), the observed association
between substance exposure and lung cancer may partly or completely
explained by smoking. The result is over- or underestimation of the risk
that the substance causes lung cancer. By correcting for confounding in
statistical analyses, however, all or part of the confounding effects can be
eliminated, leading to an adjusted effect estimate that is closer to the true

association than the uncorrected effect estimate.

Several frameworks have been developed in an attempt to evaluate the
reliability and validity of human observational studies systematically in a
replicable and transparent way (e.g. IARC preamble 2019; Goldbohm et
al. 2006; Money et al. 2013; Swaen 2006; Vlaanderen et al. 2008; WHO
Workgroup 2000).1226-2831.32 Some of these have been developed for a
specific purpose. For example, Vlaanderen et al. (2008) developed a
guideline for the evaluation of observational studies for quantitative risk
assessment with the focus on the quality of the exposure assessment.?

Money et al. (2013) developed a scoring system on quality for regulatory
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hazard and risk assessment purposes, which is based on the criterion and
rating system developed by Klimisch et al. (2007) for animal toxicity
studies (see Section 3.2.2).2° Several risk of bias tools (RoB tools) have
also been developed (e.g. ROBINS-I; Newcastle-Ottawa scale; GRADE
[as part of quality of evidence assessment]; Navigation Guide; OHAT;
CBO), which differ to some degree in addressing and defining bias
domains.*** However, the usefulness of these tools for observational
studies is the subject of debate. For instance, most of these tools attribute
the highest weight to randomised controlled trials (RCTs), because bias is
less common in RCTs. In addition, most RoB tools do not take into
account the magnitude and direction of the bias, so that valuable
information is lost.®” To better judge the reliability and validity of studies,
guidelines have been published to strengthen the reporting of
observational studies in scientific papers (STROBE, Von EIm et al.
2008).%6

In summary, the frameworks addressing reliability and validity issues

related to the following:

» Study design
Was the study design appropriate to the study objective? Were the
timeframe and observation period sufficient for the study objective (in
cohort and case-control studies)?

» Study population

Was the study population representative and the comparison group
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appropriate to allow for comparison between exposure groups? What
was the completeness of follow-up (in cohort studies)?

» Exposure assessment
Were exposure data available? Was the exposure assessment
performed independently of outcome? Were validated exposure
monitoring and analysis techniques used? Was insight given in
variability of exposure? Were individual or group exposure data
obtained? Were occupational hygiene data (e.g. the use of preventive
measurements) and exposure patterns available?

» Effect assessment
What was the quality and completeness of health parameters? Was the
effect assessment performed independently of exposure status? Were
validated procedures used for data collection on effects?

« Statistics
Was the population size (power) sufficient? Were the statistical
techniques appropriate, including confounding checks through
statistical adjustment and/or sensitivity analyses?

* Reporting
Were methods, data, and results clearly presented in relation to the
study objective to allow for evaluation? Were bias, assumptions or

other aspects of the study presented ? Was STROBE used?

Sometimes the results of a number of individual epidemiological studies

on the same substance and adverse effects (multi-comparable studies)
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are aggregated in a meta-analysis. The goals of such analyses are to
address ambiguity (random or systematic errors in design, exposure and
outcome) among the individual studies, or to study a hypothesis that is
difficult to address in a single study.'?* A special type of meta-analyses is
the IPD meta-analysis, in which individual participant or patient data (IPD)
from multiple studies are used, including correction for confounding,
instead of aggregated data. The main concerns regarding reliability and
validity of all meta-analyses are the objectiveness of the study selection,
the heterogeneity among the selected studies, handling of incomplete

data, publication bias, and statistical approaches.

Considering the frameworks and guidelines, the IARC preamble is mostly
in line with how the committees wish to assess the observational studies
for quality.’ Therefore, the IARC preamble serves as an example, but the
committees do not let their judgement depend solely on this framework.
They will continue to monitor developments in the scientific literature and

adjust their assessment method where necessary.

3.2.2 Controlled human exposure studies

During literature search, the committees sporadically come across
controlled human exposure studies (clinical studies) to evaluate adverse
effects. If the authors of the study have taken ethical issues into
consideration, the committees also evaluate these studies on reliability

and validity.
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The considerations that the committees take into account to judge
reliability and validity of these studies are similar to those for observational
studies (see Section 3.2.1) and animal experiments (see Section 3.2.3)
and include correctness of design to allow a conclusion on the study
objective; control of variables that could influence the occurrence of
effects (e.g. selection of volunteers, objectiveness in assigning volunteers
in exposure groups; size of study groups, exposure frequency and levels);
completeness in presenting design, data, methods, results and bias and

other limitations of the study.

3.2.3 Animal experiments

For animal toxicology many internationally accepted study guidelines
exist, which are considered reliable and valid. Examples are those
prepared by the OECD, the International Organization for Standardization
(ISO), and the NIOSH. The committees consider animal studies that were
performed according to these guidelines, or were closely related or

comparable to these guidelines, of high value.

For regulatory hazard and risk assessment purposes, tools have been
developed to evaluate the reliability and internal validity of animal toxicity
tests systematically. One such tool was developed by Klimisch et al.
(1997).%° This is a rating system with four scores of reliability, which is
widely used by many authorities and organisations. It mainly assesses

whether the study was performed in accordance with validated guidelines
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(preferably in accordance with Good Laboratory Practice) and which induce the adverse effect under investigation; negative controls, in
source of information was used (primary or secondary literature, full report which animals are not given the substance under investigation;

or abstracts, detailed description).*>*3 Because of the lack of detail in historical controls, if no changes in housing, diet, and microbiota
assigning data quality, the European Centre for the Validation of composition have taken place in de animal facility) and were these
Alternative Methods developed the Toxicological data Reliability controls sufficiently defined to allow for comparisons with exposure
Assessment Tool (ToxRTool).* This Excel-based tool provides groups?

comprehensive criteria and guidance for reliability evaluations of in vivo » Effect monitoring

and in vitro studies, and leads to the assignment of Klimisch scores. Were reliable and validated effect monitoring techniques used? Were
The committees may use the criteria of these tools in combination with data presented on general indicators of toxicity, such as changes in
expert judgement. food consumption, body weight, and early mortality, to allow for

considering secondary effects? Did the study include extensive

In summary, the frameworks address reliability and validity issues related pathological analysis?

to the following: * Exposure assessment

» Study design Were the duration, timing and level of exposure appropriate, and was
Was the study design appropriate to the study objective? Were reliable the observation period long enough to observe an adverse effect in
and validated study designs used according to internationally accepted relation to the study objective? Were sufficiently low exposure levels
standards? included to allow for no adverse effects? Were exposure range finding

* Animal species studies performed? Were data presented on exposure-response
Were the animal species well selected and defined in relation to the relationships?
study objective? Was the number of animals sufficient to take into » Statistical analysis methods
account intra-species variability? What controls were used (e.g. sham Were these correctly applied? What data on effect size are available?
controls, in which animals are treated the same way as exposed What is the statistical significance?
animals, but without the actual use of the test substance; positive * Reporting
controls, in which animals are exposed to a substance that is known to Is full insight given into the study design, methods and analyses,
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results, possible flaws and deficiencies? Would the study be

reproducible? Was the study peer-reviewed?

Mammals (rats, mice, dogs etc.) are used in toxicity testing, because their
body composition, metabolism and other biological processes are
assumed to be very similar to humans. However, they can differ in
anatomy, physiology, vulnerability and biological rhythm. This means that
there is always uncertainty in external validity due to species differences.
The committees assess whether the observations in animal experiments
are relevant for humans. In doing so, they take into account the findings of
studies with other animal species (if available) and knowledge about the
toxicological action mechanisms and biological differences between the

laboratory animals and humans.

Another issue with external validity is that uncertainty can be introduced
by large differences in exposure conditions (exposure levels, duration,
frequency, route of exposure etc.) between animal testing and the
exposure conditions in the workplace. This could be an issue when animal
testing is used to derive a health-based OEL for humans. The DECOS
addresses this on a case-by-case basis. As the classification of
substances is based on the toxic properties, the exposure conditions

are less relevant for classification.
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3.4.2 In vitro and ex vivo test systems

Much that has been written about the reliability and internal validity of
animal experiments also applies to studies using in vitro and ex vivo test
systems. For in vitro and ex vivo testing, internationally accepted
standards and guidelines (e.g. OECD, ISO, NIOSH) exist as well.

In addition, the ToxRTool is used to assess reliability and internal validity,
as well as the OECD guidance document on Good In Vitro Method
Practices (GIVIMP) and the template of cell-based toxicological test
methods (Krebs et al. 2019).4+4¢ The committees may make use of these

tools, in combination with expert judgement.

3.3

The evaluation of study quality is inherently reliant on expert judgement.

Expert judgement

This may lead to differences in conclusions among experts and among
expert committees. To obtain scientifically robust hazard and risk
assessments, the Health Council strives to use a systematic and
transparent evaluation, so that third parties can find out how the quality

of the individual studies was addressed. This means that the advisory
reports contain objective summaries of the available studies, accompanied

by a comprehensive evaluation of the quality of the study.
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Based on the available data and the evaluation on the quality of the
individual studies, the DECOS judges whether there is a causal
relationship or association between exposure to the substance under

investigation and the adverse effects observed.

4.1 Weighing the strength of evidence

Causality is a basic philosophical concept, in which a factor, such as
exposure to the substance, activates a mechanism that could result in
an adverse effect in an organism.?® The committees are aware that the
induction of an adverse effect is rarely caused by just one factor, in the
sense that, for instance, genetic constitution, lifestyle and environmental
factors together result in an adverse effect. Therefore, when evaluating
causality, they rather weigh the strength of evidence that exposure could

has caused an adverse effect.

For each potential adverse effect, the committees search for several lines
of evidence, which they then integrate to determine the overall weight of
evidence for each effect observed. This is done to evaluate consistencies/
inconsistencies and uncertainties in the patterns of effects and strength of
evidence across the lines of evidence, which represent different
disciplines within evidence research, e.g.: human (observational) studies,
animal experiments, mechanistic studies (mode of action) and studies on
toxicokinetics. For classifying substances, the subcommittees focus on

genotoxic and carcinogenic effects or on adverse effects on reproduction,
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whereas the DECOS takes all possible adverse effects into account.
In addition, the relevance and quality of a study determine the extent to
which the data in that study can contribute to weighing the strength of

evidence.

4.2 Tools to assess strength of evidence
Some considerations and tools have been presented in the literature to
evaluate the strength of evidence for causality in a transparent and

consistent way.

421
In 1965 Bradford Hill published a list of considerations for causality in
human studies (Bradford Hill, 1965) that is still applied today.*” His

considerations are:

Bradford Hill’s considerations

» consistency (repeated observation of an association in different

populations and circumstances);

strength of association (strong associations are more likely to be causal

than weak associations);

temporality (exposure precedes disease in time, which means that
study designs, such as cohort and case-control studies, provide
stronger evidence for causality than cross-sectional studies);

» specificity (a cause leads to a single effect, not multiple effects);

» coherence (association does not conflict with what is known of biology

or disease);
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* biological plausibility;
» biological gradient (presence of a unidirectional dose-response curve);
* experimental evidence;

» analogy.

Bradford Hill’s considerations were never intended as a checklist, or to be
rigid criteria for causality assessment. Instead, the considerations are
fundamental concepts in supporting evidence synthesis, which should be
discussed in the light of the current knowledge. If not all considerations
are met, the substance can still be a cause, as the evidence may not yet

be complete or the measurements too imprecise.

Over the years, critical comments have been made about the utility of
some of Bradford Hill's considerations.'>23" For instance, ‘specificity’

as originally meant by Bradford Hill is no longer considered by
epidemiologists, although specificity in another sense still is. Furthermore,
he did not assign values to his considerations, whereas nowadays some
considerations are given more weight in the evidence synthesis than
others. In addition, in modern epidemiology, the use of Directed Acyclic
Graphs (DAGs) to identify causal pathways is increasing rapidly.

The committees monitor these developments and adjust their

assessments accordingly.
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4.2.2 GRADE framework

A more recently developed tool to evaluate the strength of evidence from
individual epidemiological studies is the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) framework, which is
widely used by many organisations.'’® GRADE was developed to assess
the certainty in evidence (quality of evidence) and the strength of
recommendations. It was predominantly developed for recommendations
on interventions in clinical health care. This has raised the question, also
posed by the committees, to what extent it could be applied, with or
without adjustments, for recommendations in environmental and
occupational health.*® These fields often make use of other types of data
and studies than in health care, such as more observational studies,
animal experiments, in vitro test systems, and mechanistic data.

All of these types of data and studies add to the weight of evidence.
Furthermore, reliable quantitative exposure-response data are needed to
recommend on standards, such as OELs. Because of the previous
remarks, the committees have not used yet the GRADE framework.
However, they are aware that efforts are being made to adapt the GRADE
framework to environmental and occupational health. The committees are

monitoring these developments for possible future use.

4.2.3 Triangulation and expert judgement
Bradford Hill’'s considerations focus on individual epidemiological studies.

The committees, however, want to weigh the strength of evidence by
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integrating the findings of all the individual epidemiological studies
combined (a form of triangulation). That is why the committees support the
concept of triangulation. Others have suggested such an approach for
environmental and occupational observational epidemiology.®’#° It extends
Bradford Hill's approach by considering evidence from all relevant
epidemiological studies, irrespective of the design or context, so that not
only the overall strength of evidence can be evaluated, but also the overall

direction of various possible biases.

424

The foregoing focuses on the line of evidence from epidemiological

Integration of various lines of evidence

studies, whereas the ultimate goal for the committees is to integrate
various lines of evidence to come to an overall judgement on the strength
of evidence for a particular effect. Such a judgement is based on the
committees’ conclusion about the quality of the individual studies, and the
extent to which the various lines of evidence complement each other.
Essential to the judgement is the consideration of uncertainty in the overall
evidence due to uncertainties in the values of exposure levels and effect
estimates, or because data may not be available to cover all aspects.
Because of the complexity of integrating lines of evidence, it is difficult to
capture this process in detail in a framework or tool. It is, therefore,
inevitable that the judgement on the strength of evidence depends on

expert judgement.
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The US EPA developed an Integrated Science Assessment (ISA) tool, and
used it for a number of environmental contaminants, to serve as a
scientific foundation for the review of U.S. ambient air quality standards.>
The ISA provides a concise review, synthesis and integration of evidence
that is helpful to judge causality. It is not a protocol, but describes the
aspects that need to be taken into account to arrive at a conclusion on the
overall strength of evidence. The latter is expressed in five descriptors
(likelihood of causal relationships) regarding health effects in humans, and
ecological and other welfare effects. The committees will also consider the

aspects that are described in the ISA.

In addition, the scientific criteria for classifying a substance as mutagenic,
carcinogenic, or toxic to reproduction in humans, are to a certain extent

based on the integration of different lines of evidence (see Chapter 5).
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The criteria for the classification categories are based on the Globally
Harmonized System, which has been incorporated into the system and
guideline used by the European Union for the classification, labelling, and
packaging of substances and mixtures (Regulation EC 1272/2008:
Section 3.6, Carcinogenicity; Section 3.5, Germ cell mutagenicity; and
Section 3.7, Reproductive toxicity). Although the criteria mentioned in

the EU Regulation are set for substances that are evaluated according to
the CLP regulation, the Health Council also considers the criteria useful in
recommending classifications for individual substances, mixtures and

emissions for which the Regulation does not apply.

5.1 Carcinogenic and mutagenic substances

Classification proposals for carcinogens and germ cell mutagens are
prepared by the Subcommittee on the Classification of Carcinogenic
Substances. The proposals are based on a hazard assessment, in which
the carcinogenic properties, the genotoxic properties, and the
carcinogenic mode of action are extensively evaluated on study quality

and strength of evidence.

5.1.1 Classification for germ cell mutagenicity

The strength of evidence for germ cell mutagenicity is expressed in the
following EU classification categories:

+ Category 1A

Substances known to induce heritable mutations in the germ cells of
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humans (H340)
Category 1B

Substances to be regarded as if they induce heritable mutations in the

germ cells of humans (H340)

Category 2

Substances which cause concern for humans owing to the possibility
that they may induce heritable mutations in the germ cells of humans
(H341)

* No classification for germ cell mutagenicity

EU hazard statement codes:
« H340

May cause genetic defects
« H341

Suspected of causing genetic effects

In proposing a classification, the subcommittee takes into account that
many in vitro and in vivo genotoxicity tests have been developed over the
years (OECD guidelines) and used to classify a substance for its
genotoxic properties. The OECD guidelines are periodically updated to
include new scientific insights. As a result, the OECD has withdrawn some
of these tests or downgraded them to indicator tests in recent years,
because questions has arisen on their validity. Examples are tests for

unscheduled DNA synthesis, sister chromatid exchanges, and the mouse
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heritable translocation test. The subcommittee still includes studies using
these tests in its evaluation, but gives them a lower weight in the evidence

synthesis for genotoxicity.5'-3

5.1.2 Classification for carcinogenicity
The strength of evidence for carcinogenicity is expressed in the following
(EU) classification categories:
+ Category 1A
Known to be carcinogenic to humans (H350)
+ Category 1B
Presumed to be carcinogenic to humans (H350)
» Category 2
Suspected to be carcinogenic to humans (H351)

* No classification for carcinogenicity

EU Hazard statement codes:
« H350

May cause cancer
+ H351

Suspected of causing cancer
The criteria for carcinogenicity are described in detail in the Guideline to

the classification of carcinogenic compounds (Health Council, 2010).2 In

addition to the EU categories, the subcommittee takes two subcategories

Health Council of the Netherlands | December 2021

Guidance for substance’s recommendations | page 29 of 56

for ‘no classification for carcinogenicity’ into account. When a substance is

not classified, these categories explain the reason for not classifying:

» The available data are insufficient to evaluate the carcinogenic
properties of the substance (category 3)

* The substance is probably not carcinogenic to humans (category 4)

In addition, for substances classified in categories 1A or 1B, the
subcommittee judges the mode of action to aid future decisions on the
health-based OEL for the substance regarding whether this OEL should
be risk- or threshold based. The modes of actions are as follows:

» Direct-acting genotoxic carcinogen (stochastic genotoxic carcinogen).
This includes substances that either in their unchanged form or as
reactive metabolites interact directly with DNA, causing DNA damage
(adducts, single and double-strand breaks) resulting in irreversible
gene mutations. These carcinogens do not show a threshold exposure
level below which no risk for a carcinogenic effect exists. As they act by
a stochastic process, a risk-based approach to deriving a health-based
OEL is appropriate.

* Indirect acting genotoxic carcinogen (non-stochastic genotoxic
carcinogen). This includes substances that do not interact directly with
DNA, but can ultimately damage DNA indirectly (e.g. by inhibition of
DNA repair, affecting spindle apparatus, and inhibition of
topoisomerases). As a threshold could be identified for these

mechanisms, a threshold-based approach to deriving a health-based
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OEL is appropriate.

* Non-genotoxic carcinogen. This includes substances that are capable
of promoting various phases of the cancer process without damaging
DNA, either directly or indirectly. Such compounds are known as
tumour promoters. For these carcinogens, a threshold-based approach
to deriving a health-based OEL is appropriate.

» Genotoxicity has been investigated insufficiently.

In proposing a classification, the subcommittee notes that if a substance
induces malignant tumours, it will usually constitute sufficient evidence of
carcinogenicity, whereas induction of benign tumours usually constitutes a
lower strength of evidence. However, some benign tumours may have the
potential to progress to malignant tumours, or may in themselves be of
concern. Based on current knowledge and using expert judgement the
subcommittee will judge whether the benign tumours observed should be
given more weight in the evidence synthesis on carcinogenicity than is

normally done.

5.2 Reproduction toxic substances

Classification and labelling proposals for reproduction toxic substances
are prepared by the Subcommittee on the Classification of Substances
Toxic to Reproduction. The proposals are based on a hazard assessment,

in which adverse effects on fertility and offspring development, and
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adverse effects on or via lactation, are evaluated on study quality and
weight of evidence.
Classification for effects on fertility and offspring development
The classification of substances with adverse effects on fertility and
offspring development is the result of an integrated assessment of the
nature of all parental and developmental effects observed, with their
specificity and adversity.
5.2.1 Classification for effects on fertility and offspring
development
The weight of evidence for effects on fertility (F/f) and offspring
development (D/d) is expressed in the following EU classification
categories:
» Category 1

Known or presumed human reproductive toxicant (H360(F/D))
+ Category 1A

Known human reproductive toxicant
+ Category 1B

Presumed human reproductive toxicant
» Category 2

Suspected human reproductive toxicant (H361(f/d))

* No classification for effects on fertility or development
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EU Hazard statement codes:
» H360F
May damage fertility
« H360D
May damage the unborn child
« H361f
Suspected of damaging fertility
+ H361d
Suspected of damaging the unborn child
« H360FD
May damage fertility. May damage the unborn child
+ H361fd
Suspected of damaging fertility. Suspected of damaging
the unborn child
« H360Fd
May damage fertility. Suspected of damaging the unborn child
» H360Df
May damage the unborn child. Suspected of damaging fertility

With regard to the EU guideline, the subcommittee takes into account a
number of additional considerations for the relevance of the available
literature. Concerning male fertility, for instance, the subcommittee
considers data on parameters related to fertility, such as spermatozoa

concentration and motility. The subcommittee excludes publications
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containing only data on sex hormone levels, because the relationship

between these hormone levels and functional fertility (the ability to

conceive children) is uncertain.

In proposing a classification, the subcommittee takes the following

additional considerations to the EU criteria into account:

« If sufficient evidence is available to establish a causal relationship
between human exposure to the substance and impaired fertility or
developmental toxic effects in the offspring, the compound will be
classified in category 1A, irrespective of the general toxic effects
(see Regulation (EC) 1272/2008, 3.7.2.2.1.).

» Adverse reproductive effects, reported without information on the
paternal or maternal toxicity, may lead to a classification other than
category 1B, if the effects on reproduction occur at dosage levels in
which general toxicity studies showed severe toxicity in other organs.

» Clear adverse reproductive effects will not be disregarded on the basis
of reversibility per se. The committee does not only use guideline
studies (studies performed according to OECD standard protocols)

for the classification of compounds, but also non-guideline studies.

5.2.2 Classification for effects on or via lactation

The EU criteria for classifying substances for effects on or via lactation
dictate that substances that are absorbed by women and have been
shown to interfere with lactation, or which may be present (including

metabolites) in breast milk in amounts sufficient to cause concern for the
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health of a breastfed child, shall be classified and labelled. Unlike the
classification of substances for fertility and developmental effects, which

is based only on hazard identification (largely independent of dosage),

the labelling for effects on or via lactation is based on risk characterisation.

Therefore, it also includes a consideration of the level of exposure of the
breastfed child. Consequently, a substance is labelled for effects on or via
lactation when it is likely that the substance would be present in breast
milk at potentially toxic levels. The subcommittee considers a
concentration of a compound as potentially toxic to the breastfed child
when this concentration exceeds the exposure limit for children, or, if that
level is unknown, when it exceeds the exposure limit for the general

population, i.e. the acceptable daily intake (ADI).

Classification for lactation:
» Effects on or via lactation (H362)

* No labelling for lactation
EU Hazard statement code:

+ H362

May cause harm to breast-fed children
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5.3 CMRIlist

The Minister of Social Affairs and Employment considers the
recommendations of the subcommittees to decide on the inclusion of the
substance in the official Carcinogens, Mutagens and Reproduction toxic
substances (CMR) list in the Dutch Working Conditions Act. For
carcinogens and mutagens, the CMR list includes substances (and
processes) classified in category 1A or 1B, as indicated in Annex | of the
EU Regulation 1272/2008 of the European Parliament for the
classification, labelling and packaging of substances and mixtures
(Annex VI, CLP-REACH Regulation).>*In addition, the CMR list includes
a non-limitative list of reproduction toxic substances for which additional
registration obligations apply (classification categories 1A, 1B, and 2, plus

a mark [letter ‘x’] for effects on or via lactation).
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The DECOS recommends health-based OELSs for hazardous substances

to which workers can be exposed in the workplace. These OELs are

average concentrations of a substance in the air of a workplace that

should offer sufficient protection against possible adverse effects.

The OELs are obtained by a quantitative risk analysis in which the

DECOS has to make decisions on:

« critical adverse effect(s);

» the type of OELs to be set;

» choosing a threshold- or risk-based approach in deriving OELs;

» the choice of the key study or studies as point of departure in deriving
OELs;

» the derivation method;

» the use of adjustment factors and defaults.

6.1 Critical adverse effects
A health-based OEL is an exposure level below which no or almost no

significant adverse effects are expected in the course of and after working

life, or in workers’ offspring. It does not matter whether the effect is local or

systemic, or whether the effects occur immediately upon exposure or in
the medium or long term. Which adverse effects are considered in
deriving a health-based OEL depends on the outcome of the quality
evaluation of the individual studies and whether the evidence for a causal
relationship or association is sufficiently demonstrated. In addition, a

health-based OEL is derived from data on the adverse effect that occurs

Health Council of the Netherlands | December 2021

Guidance for substance’s recommendations | page 34 of 56

first at increasing exposure, also called the critical effect, assuming that

other adverse effects are then also prevented.

Regularly, the Minister of Social Affairs and Employment specifically asks
the Health Council to advise health-based OELs for known carcinogens.
In this case, the DECOS derives a health-based OEL to prevent cancer,
and evaluates whether that OEL also protects against other possible
adverse effects. If the data shows that other adverse effects could occur
below this limit, the DECOS decides not to derive a health-based OEL
from cancer data, but from the first adverse effect apparent at increasing

exposure.

6.2 Types of exposure limits

The DECOS differentiates several types of exposure limits.

8-hour time-weighted average concentration (8-h TWA)
The most commonly used health-based recommended OEL is an 8-hour
time-weighted average concentration, which reflects an average working

day of 8 hours.

Short-term exposure limit (STEL)
In addition, the DECOS assesses whether workers should also be
protected from adverse effects caused by peak exposure. ASTEL

represents a mean concentration measured over an arbitrary period of



chapter 06 | Health-based occupational exposure limits

15 minutes that should not be exceeded (15-minute TWA). Peak exposure
may cause adverse effects that occur immediately or in the short- or

long-term.

Ceiling value
For substances that may immediately cause life-threatening health effects,
the DECOS can derive a ceiling value. In such cases, exposure should

never exceed the ceiling value at any time.

Biological limit values (BLV)

There are situations in which the air-based exposure limits do not provide
sufficient protection. For example, when a substance accumulates in the
body (for years up to the total life-time, irrespective of the route of
exposure; by other exposure routes), it can induce effects after inhalation
exposure has been lowered or discontinued, because it is still present in
the body. In those cases, a BLV is derived, indicating the concentration of

a substance in a biological medium (e.g. blood, urine).

6.3

Whether a safe OEL can be set depends on the mode of action by which

Threshold- and risk-based approach

the substance induces the critical effect, and the reversibility/irreversibility

of the key event(s) leading to this critical effect. Based on this information,

the DECOS uses one of the two approaches to derive health-based OELSs:
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» athreshold-based approach;

* arisk-based approach.

6.3.1 Threshold-based approach

For many adverse health effects, such as irritation and fibrosis, a
threshold exposure level exists at and below which no significant effect is
observed. It can be mechanistically explained that a cut-off point exists.
The threshold-based approach implies that the risk analysis is focussed
on estimating the threshold exposure level from the available data, and
that the DECOS uses this threshold level as the point of departure in
deriving a health-based OEL.

HBR-OELs are derived using either a threshold approach or a risk-based
approach, depending on the substance’s critical effect

Health-based Recommended Occupational Exposure Limit
(HBR-OEL)

Threshold-based Risk-based

Applicable to: Applicable to:
j ]- : /

b B e

N

substances for which
a threshold can be
derived

« direct-acting
genotoxic
carcinogens

* respiratory allergens
for which the threshold
is too low to measure
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6.3.2 Risk-based approach

Sometimes, a threshold-based OEL cannot be assigned when exposure
always poses a certain health risk, or when the threshold is so low that it
cannot be detected by currently available monitoring tools. This is the
case for direct-acting genotoxic carcinogens and certain allergens,
respectively. The DECOS prefers then a risk-based approach, in which
it derives a health-based OEL by estimating a concentration level that
correspondents with a predefined extra risk level. The extra risk level is a
disease risk due to occupational exposure, in relation to the disease risk
when not occupationally exposed (background risk of the general
population). The extra risk levels are predefined by the Minister of Social

Affairs and Employment.

Direct-acting genotoxic carcinogens

The property of a substance to induce gene mutations by direct interaction
with the DNA is considered a one-hit (stochastic) occasion. Once a
pre-mutagenic lesion is missed by the repair and defence mechanisms of
the body, it can be irreversibly fixed as a mutation. This means that one
molecule of the substance is theoretically capable of causing cancer.

As a consequence, any exposure involves a risk of getting cancer and no
threshold exposure level can be derived below which there is no cancer

risk.
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For direct-acting genotoxic carcinogens, two predefined extra cancer risk

levels are set:

1. Target risk level. four additional cases of cancer due to occupational
exposure over a 40-year working life period per 100,000 cases from all
causes. This equates to a risk of 4x10-° associated with exposure
throughout a person’s working life.

2. Prohibition risk level: four additional cases of cancer due to
occupational exposure over a 40-year working life period per 1,000
cases from all causes. This equates to a risk of 4x10 associated with

exposure throughout a person’s working life.

At the time that the extra cancer risk levels were predefined, cancer
was considered a fatal disease with very low 5-year survival rates.
Therefore, target and prohibition risk levels were mainly based on
mortality data. Due to improved early detection and cancer treatment,
current 5-year survival rates for many cancer types have increased and
epidemiological research is increasingly based on cancer incidence.
Working conditions policy is primarily focused on protecting employees
from the occurrence of disease, in this case cancer, regardless of
associated mortality. Therefore, the DECOS currently prefers incidence
statistics over mortality statistics in deriving cancer risk-based OELs. An
additional argument is that registration of incidence data is generally more

reliable than registration of mortality data.
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Allergic respiratory disorders

Exposure to allergens may lead to allergic respiratory disorders.

The Health Council considers allergic sensitisation the critical event in
developing allergies, because once sensitisation has occurred, it is
irreversible and always poses a risk of allergic symptoms upon continuing
exposure. Based on the scientific knowledge on allergic immunological
mechanisms, therefore, the Health Council has concluded that it is
plausible that a threshold level for these substances exists below which
no allergic sensitisation may be expected.* However, the council has also
concluded that the threshold level for preventing allergic sensitisation may
be so low that a very small amount of an allergen is needed to provoke an
allergic sensitisation. This implies that, for certain allergens, the threshold
will be too low to be detectable with available exposure monitoring
techniques. Consequently, when the DECOS derives a health-based OEL
for allergic substances, it will first consider whether exposure-response
data are available that show a clear threshold level in the lowest exposure
range (threshold-based approach). If that is not the case, the DECOS will
use a risk-based approach. For the risk-based approach, the Minister of
Social Affairs and Employment has set an additional risk level of 1% due
to occupational exposure, which adds to the background risk level of
developing allergic sensitisation to the substance when not occupationally
exposed (the general population). See the advisory report of the Health
Council for a more detailed description of the additional risk levels for

allergens.?
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6.4 Key study or studies as point of departure in deriving

health-based OELs

Based on the quality evaluation of the individual studies, and the results

from the evidence synthesis, the DECOS decides on the critical effect,

and assesses which study or studies that have described this effect can
be used to derive a health-based OEL. Only those studies are selected
that reported quantitative exposure and response data to model exposure-
response relationships. The DECOS uses these models to determine the
point of departure in deriving a health-based OEL. Sometimes there are
multiple studies with such data. In that case, the DECOS gives preference
to studies with:

» data from observational studies (cohorts and cross-sectional studies)
performed in workplaces, because these reflect actual exposure and
working conditions. If these are not available or of low quality, the
committee assesses whether case-control studies or animal
experiments are available;

+ data of adverse effects that could become manifest after a long latency
period (even after reaching retirement), for instance cancer, because
OELs should protect against hazardous health effects during and after
the entire working life. This is under the assumption that possible acute,
short or mid-term effects will also be prevented if a health-based OEL is

derived from these data;

data on exposure by inhalation, because OELs are average

concentrations of substances in the air. Exposure data on inhalation
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concentrations are not always available. To derive a health-based OEL,
the DECOS decides whether data from oral exposure can be used as
second best. In rare cases and in the absence of inhalation or oral
intake studies, the DECOS evaluates whether studies with dermal
application can be used. Animal experiments in which animals are
exposed to a substance by intraperitoneal or intravenous injections, or
by intratracheal installation, are not used, because the route of
exposure is not relevant for workers, and questions may arise on
kinetics and systemic availability;

« exposure data of several exposure groups, preferably with at least one
exposure group in the exposure range close to the intended OEL and

down to virtually no exposure.

If multiple suitable observational studies are available, the DECOS
decides case by case whether a meta-analysis can serve as a point of
departure. In addition, if multiple animal experiments of comparable
suitability are available, the study resulting in the lowest point of departure

is considered the key study to derive a health-based OEL.
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6.5 Derivation methods
The DECOS currently uses two methods to derive health-based OELs,
namely the benchmark-dose method (BMD method) and the survival

analysis.

6.5.1 Benchmark-dose method (BMD)

The BMD method involves deriving a best fit of the shape of the exposure-
response relationship and calculating a benchmark dose (BMD). The BMD
is a dose or concentration that corresponds to a response, the benchmark
response (BMR); the BMDL is the lower limit of the 95% confidence
interval of the BMD, the BMDU the upper limit. The BMD and BMDL/
BMDU depend on all available data and on the shape of the curve that
best describes the exposure-response relationship. A few scientific bodies,
such as the European Food Safety Authority (EFSA) and the US
Environmental Protection Agency (US EPA) have published guidelines on
the BMD method for quantitative risk assessment purposes.>®% Earlier,
the Health Council also published an advisory report on the use of the
BMD method instead of the no-observed-adverse-effect-level or lowest-
observed-adverse-effect-level (NOAEL/LOAEL) approach.®® In this
respect, the DECOS broadly concurs with EFSA’s working method.*’
Therefore, the DECOS uses the EFSA guideline for the application of

the BMD method, and refers to this guideline (and manual) for a detailed

explanation of the technical implementation.
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Besides using the EFSA guideline, the DECOS has made a number of

additional considerations:

BMD or BMDL as point of departure

The position of the BMDL in relation to the BMD reflects the uncertainty
about the BMD due to the number of exposure groups chosen, group
size, and distribution of data within a group. Because the uncertainty of
data is discounted in the BMDL, and in line with the EFSA (and US
EPA) the DECOS considers the BMDL to be the best starting point to
derive threshold-based OELs. However, for risk-based OELs, the
DECOS considers the BMD as the best estimate, because the method
of the risk-based approach results in a conservative health-based OEL,
so that the statistical uncertainties need not be taken into account
anymore.

Benchmark response (BMR)

The BMR (or critical effect size [CES]) is the boundary between

what is considered a physiological or biological response and what is
considered an adverse health effect. Partly based on scientific
knowledge and insights, this has to be considered for each effect
endpoint. There are no schemes worldwide that assign the best BMR
per effect, although the EFSA has set a global guideline.%¢5” The
DECOS follows the EFSA guideline, but deviates from these BMR
values if there are grounds for this. For instance, it considers body
weight increases or decreases by more than 10% instead of 5%

(continuous data) as a relevant effect. Additional factors that the
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DECOS takes into account in assessing the BMR includes the size and
the power of the study.

* Observational studies
Although the BMD method was primarily developed for experimental
research data, the DECOS also considers it suitable for data from
observational studies. However, the BMD analysis of observational
exposure-response data can be more complicated than that of typical
experimental data. For instance: group exposure categories are
sometimes imbalanced in group size; sometimes ‘time to development
of a disease or death in a population’ (lag times) should be taken into
account; and exposure categories are sometimes defined in ranges
instead of one average exposure value, for example ‘lower than
1 mg/m®, ‘between 1 and 5 mg/m*, and ‘higher than 5 mg/m>’.
The DECOS addresses all these factors in the BMD analysis.

The DECOS uses available BMD software programmes (PROAST; US
EPA BMDS) to analyse the mathematical model (curve) to characterise
the shape of the exposure-response relationship, and to calculate BMDs,
BMDLs and BMDUSs. In the case of data from observational studies, other

more sophisticated programmes (e.g. SAS, R, or STATA) are used.
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The use of the BMD in the risk-based approach
The DECOS follows several steps to derive a risk-based OEL from animal
data (if no suitable epidemiological data are available). These steps
include calculating the lowest BMD, followed by estimating the
carcinogenic activity (expressed as incidence per unit of the daily dose
[oral exposure], or per unit of air concentration [inhalation]) in the animals,
and extrapolating the carcinogenic activity by a linear model to estimate
the cancer risk in humans. Details on the estimation method is given in the
Guideline calculating cancer risk values, published by the Health Council.’
A number of assumptions are made in the calculation formulas about, for
example, the average weight and life expectancy of the animals from
which the data originated, the average weight of the healthy worker, tidal
volumes, duration of exposure, and working life period. These are
expressed in default values, unless data on these factors are presented in
the selected studies. Regarding humans, the default values are as follows:
» The duration of life time exposure is 75 years of exposure, 24 hours per
day, 7 days per week, 52 weeks per year, with an average inhalation
volume of 18 m?® per 24 hours.
» The duration of working life time exposure is 40 years of exposure,
8 hours per day, 5 days per week, 48 weeks per year, with an average
inhalation volume of 10 m3 per 8-hour working day (moderate working
activities).

» For body weight, a default value of 70 kilograms is used.
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The DECOS considers it important that the preconditions and principles of
the applied BMD analysis are reported properly, so that third parties are
able to ascertain how the analysis came about. It therefore adds the data

from the analysis in an appendix to the advisory reports.

In the event that the exposure and response data are insufficient to
perform a proper BMD analysis, the DECOS will assess whether a health-
based OEL (threshold- or risk-based) can be derived using the traditional
NOAEL or LOAEL approach.

6.5.2 Survival analysis

For carcinogenic substances for which no threshold can be established,
but suitable data from observational studies are available, the DECOS
uses a survival analysis to derive a risk-based OEL. An advantage of this
method is that diseases or other causes of death can be accounted for.

In a group of workers exposed to a carcinogen, other causes of death will
lead to a reduction of the population at risk over time, and therefore to a
lower number of additional cancer cases by the substance in absolute
terms. If this is not corrected for, the probability of overestimating the risk
is high. Furthermore, by using life tables it is possible to take into account

time- and age-dependent factors in the development of cancer.

In the Health Council guideline to derive risk-based OELs, survival

analyses are used by applying life tables." In the guideline, stepwise



chapter 06 | Health-based occupational exposure limits

details are given on the method and the factors to take into account when
performing a survival analysis. For instance, it is important to extend the
life table to an age at which the mortality burden of occupational exposure
to a carcinogenic compound is negligible, compared to the mortality due to
other causes. For this purpose, the DECOS currently adheres to the age
of 100 years, but in the literature survival analyses are also performed
with life tables up to the age of 75, 80 or 90 years.' There is no wide
consensus on the maximum age, but the most important consideration is
that the life table ends near the maximum lifetime, or somewhere near the
mean or median lifetime. Using life tables also makes it possible to take
into account time- and age-dependent factors in the development of
cancer, and cancer risks that increase or decrease after a certain period
following exposure. The survival analysis results in cumulative exposure
levels corresponding to one of the two predefined additional risk levels,
concerning a working life period of 40 years (see Section 6.2.2). Technical
details on the survival analysis are given in an appendix of the respective

advisory reports.

6.6

Route-to-route extrapolation is applied when no exposure data on

Route-to-route extrapolation

inhalation are available and the committee relies on oral exposure data or
in rare cases on dermal exposure data. The DECOS only applies route-to-
route extrapolation if the critical adverse effect is systemic in nature, and

no critical differences in effect exist between routes (e.g. first-pass effect).
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This follows the proposals by other scientific bodies, such as the ECHA,
ECETOC and the German BAuA.5%-¢2

6.7

Adjustment factors (also called uncertainty, assessment or safety factors

Adjustment factors

in the literature), expressed as numbers, are often used in toxicological
risk assessment to account for the uncertainty in differences between
experimental animal species and humans (interspecies differences);
differences in sensitivity between humans (intraspecies differences);
imperfections and uncertainties in data and design; and differences
between the experimental exposure conditions and the exposure
conditions in the workplace (e.g. actual duration, frequency and pattern of
exposure; route of exposure). The use of adjustment factors is the last
step to derive a health-based OEL, in which the health-based OEL is
derived by dividing the BMDL by the product of all adjustment factors.

The factors should represent realistic values, but there are no universal
harmonised adjustment factors available. The use and their values may
differ between scientific bodies because they reflect the uncertainty in
scientific knowledge, and therefore expert judgement plays a great role in
choosing the height of the values. On the other hand, when no substance
and species specific data are available, there has been some consensus
over the years about what the levels of default adjustment factors should
be (e.g. ANSES, BAuUA, ECETOC, ECHA, RAC, SCOEL, US EPA,



chapter 06 | Health-based occupational exposure limits

WHQ).10.13.57.6062:65 The main adjustments considered by the DECOS are

summarised below.

Interspecies differences

Regarding systemic adverse effects, interspecies differences in body size
and other species-specific differences (toxicokinetic and toxicodynamic
differences) are taken into account to extrapolate animal data to humans.
The adjustment factor for interspecies differences is calculated by
multiplying the factor for body size differences with the factor for the
remaining differences. The DECOS considers it inappropriate to adjust
for differences in body size for local skin and respiratory tract effects.

For the adjustment of differences in body size, see Section 6.8.2 on

allometric scaling.

For the extrapolation of the remaining species-specific differences, the
committee uses a default factor of 2.5, unless data indicate otherwise.
The value of this default is based on (cumulative) ratio distribution profiles
from empirical research. A default value of 2 is recommended when the

BMD(L) serves as the starting point in deriving a health-based-OEL.%3

Intraspecies differences
In assessing health standards for the general population, an adjustment
factor of 10 is used to account for differences in response between people

of all ages. The variability in response is due to differences in biological,
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life-style and environmental factors. The worker population is considered
more homogeneous, because it does not include children, elderly, and
(generally) persons with a weak health. Therefore, the DECOS uses a
lower default value for the worker population, namely a value of 5, unless
data indicate otherwise. This value holds for systemic and local effects.
The ECETOC proposes a lower value (factor of 3), whereas the ECHA
and the Anses also use a factor of 5 by default.2¢%¢' In 2019, the German
BAUA analysed the coverage of the distribution for intraspecies
extrapolation for these default values, and calculated that for the scenario
of 5% incidence in the general population, the value of 3 would cover

36.6% of cases and the value of 5 would cover 73.4% of cases.%?

In the case of embryotoxic and teratogenic effects, no distinction can be
made between progeny of the general and occupational population.
In such cases, therefore, the DECOS applies a factor of 10 for

intraspecies differences.

Duration of exposure

The DECOS uses adjustment factors to extrapolate data from subacute to
subchronic/chronic and for subchronic to chronic exposure, to take into
account that other and more serious adverse health effects may appear
with increasing exposure time (during or after exposure has been
discontinued). The adjustment factor is derived from the whole toxicity

profile. It ranges between a factor of 1 and 5 for extrapolation of subacute
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exposure to subchronic exposure, and the same range for extrapolation of
subchronic to chronic exposure. The ECETOC (2003) and the ECHA
(2012) have recommended using a default factor of 6 extrapolation of
subacute to chronic exposure, and a factor of 2 for extrapolating
subchronic to chronic exposure.®6' The DECOS uses these default
factors, unless data indicate otherwise. The extrapolation for duration of
exposure is only applied for systemic effects and for local effects in the

respiratory tract.

Other adjustment factors

Other uncertainties that the DECOS takes into account include
extrapolation from a LOAEL to a NOAEL,; the health consequence
(biological significance) of the adverse health effect on which a health-
based OEL will be derived; the reliability of the steepness of the slope of
the exposure-response relationship; and the confidence in data used to
derive a health-based OEL. The use and weight of the adjustment factors
to adjust for these issues depends on the reliability and availability of the
data. The DECOS uses a factor of 1 (no adjustment needed) for each of
these issues as standard, except when extrapolating a LOAEL to a

NOAEL (factor of 3), unless data indicate otherwise.
Overall adjustment factor

An overall adjustment factor is established by multiplying the separate

factors. The DECOS is aware that it is not possible to distinguish all these
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factors, because some factors are not independent of each other.
Therefore, straightforward multiplication may lead to an unreasonably high
overall adjustment factor. To establish a justifiable overall factor, the
DECOS discusses and weighs the individual factors case by case.

6.8 Default values for physiological and morphological
parameters

When certain data are not reported, the DECOS uses default values for
several parameters, such as for inhalation volumes, food and water
consumption, body weight, surface areas, and for conversion of doses to
concentrations (and vice versa). Based on the experiences and (scientific)
findings of others, the DECOS describes what its starting points are for

using these default values below. 606366

6.8.1

To extrapolate animal data to humans, the DECOS uses default values

Workers

that reflect an average of a normal healthy worker and working conditions.
The default worker weighs 70 kilograms, has a body surface of 2 m?,
inhales 10 m? during an 8-hour working day (1.25 m3 per hour) under light
working activities, and works on average 8 hours per day, 5 days per
week, 48 weeks per year, for 40 years. The use of defaults is necessary to
ensure that the health-based OELs for each substance under investigation
have the same starting points. The default values for age, body weight,

body surface, inhalation volumes for animals and humans, and water and



chapter 06 | Health-based occupational exposure limits

feeding data for animals were calculated by the US EPA by using and
comparing data in the literature. Because default values must be easy to
use, these calculated values are rounded off to a higher or lower value,
taking worst-case scenarios into account.®®¢” For example, in 1996 the US
EPA recommended a default body weight of 70 kilograms for a worker
(man [77 kg] and women [62 kg] combined), which is based on a large
population in the USA. The DECOS has applied this calculated default
value for its occupational risk analyses, because it does not expect US
figures to differ much from European or Dutch figures due to comparable
living and working conditions.®®¢” Another example is the inhalation rate of
1.25 m?3 per hour for workers. The inhalation rate depends on age, sex
and working activities. Taking into account these differences, the literature
assumes an average inhalation volume of 10 m? per working day to be a
relevant inhalation volume for light working activities. Since it is assumed
that workers will not endure moderate (estimated average inhalation
volume of 1.7 m3/hour) and heavy working activities (estimated average
inhalation volume of 2.8 m3hour) for an entire working day, the DECOS
also uses the inhalation volume for light activities as the default value in its

risk analyses.®6:57

Health-based OELs are based on a group approach and under average
working conditions. The DECOS is aware that these conditions (e.g.
working hours, heaviness of physical work, working life period) and job

history (change jobs) vary between individual workers. Workers also differ
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individually in physiological and biological status (e.g. body weight,
metabolism, biological defence mechanisms) and in life style and health
conditions. Consequently, one worker may be more vulnerable or sensitive
to developing an exposure-related disease than the other. If there are
indications of such differences in vulnerability and sensitivity, the DECOS
will comment on this in its advisory report (groups at extra risk). To a
certain extent, differences in sensitivity are taken into account by applying

an adjustment factor for intraspecies differences.

6.8.2 Species-specific allometric relationships

Allometric relationships arise when you compare several animal species
on certain morphological characteristics, for example body size, body
surface area, inhalation volume and rates, and water and food
consumption. It often turns out that such a characteristic does not
increase in direct proportion to body weight. In the literature on
occupational risk analyses, proposals are made and equations are set
for allometric scaling of these morphological characteristics from animal
species to humans. The DECOS also uses these proposals (defaults)
and equations, for instance in assessing a skin notation (see Chapter 7)
and for route-to-route extrapolation. In addition, allometric adjustments are
made for differences in body size by taking into account differences in
caloric requirements. Caloric requirements are proportional to the
allometric body weight scaling, with a factor of around 0.7.5% Examples

of default adjustment factors for body size are 7 for mice and 4 for rats.
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Differences in body size are not taken into account when it concerns
inhalation studies, because the extrapolation is based on the toxicological
equivalence of a concentration of a substance that animals and humans
breathe at a rate depending on their caloric requirements. If the DECOS is
of the opinion that allometric relationships are applicable for deriving
health-based OELs, it will provide a detailed explanation of the

methodology with references to the sources.
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When the DECOS recommends a health-based OEL, it also evaluates
whether a skin notation (specified by the letter H for ‘huid’ [skin in Dutch])
for a substance should be recommended. Such a skin notation indicates a
substantial contribution of dermal exposure to systemic adverse effects on
which a health-based OEL is derived. A skin notation is given next to a
health-based OEL, but is not a substitute for it.

Some chemical substances cause adverse dermal effects upon dermal
exposure. If the mode of action or the pathogenesis make it plausible that
these local dermal effects can ultimately lead to systemic effects, the

DECOS will consider recommending a skin notation.

To recommend a skin notation, data on dermal (percutaneous) absorption
and physicochemical characteristics (e.g. physical form) are required.
Validated OECD methods exist to investigate dermal absorption.
Organisations, such as the EFSA, ECETOC and NIOSH have set up
guidelines or strategies to assess dermal absorption.%®"" Overall, the
DECOS uses the approach described by the ECETOC, which bases its
approach on a report by the Dutch Medical Biological Laboratory of TNO
on the assignment of a skin notation in the list of MAC-values (1989; at
the request of the DECOS).%®72 A skin notation is considered necessary
when the amount absorbed by both hands and forearms in 1 hour could
amount to more than 10% of the amount that can be absorbed by the

lungs on exposure to the recommended health-based occupational
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exposure limit for 8 hours. The dermal absorption is estimated for intact,

undamaged skin.

The absorption rate of a substance can be estimated from in vivo, ex vivo,
and in vitro models. Preference is given to human in vivo studies.

The validity of the model used is assessed on a case-by-case basis, and
by checking whether the absorption study was performed according to the
OECD guidelines. As a default, the committee assumes that the area of
the hands and forearms is 2,000 cm?, dermal exposure is 1 hour per
working day, a volume of 10 m3 of air is inhaled in an 8 hour-working day,
and 50% of the substance that is inhaled is absorbed by the lungs, unless
data indicate otherwise. The DECOS notes that NIOSH uses other default
values regarding the dermal area (two hand palms, 360 cm?), dermal
exposure duration (8 hours) and the substance absorption rate by the
lungs (75%).”" However, in the end both calculations do not differ
significantly from each other (ratio of skin to inhalation (SI) dose:

Sl ratio = 1.04 x Sl ratio

ECETOC NIOSH)'
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