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and regulatory experts from more than 40 institutes in 15 countries within the Organization for Economic
Cooperation and Development (OECD) framework. This manuscript provides a summary of the guidance on
derivation of OBLs destined for scientists, risk assessors, and regulators who are tasked with establishing OBLs for
regulatory purposes and implementing occupational biomonitoring programs. The derivation methodology fol-
lows a tiered approach based on the strength of evidence and quality of the data that we have labeled level of
confidence. The tiered approach serves as a practical framework in occupational health risk assessment and
management. We distinguish between four OBL levels depending on the strength of scientific evidence and
confidence level: health-based derivation of OBL based on robust epidemiological data showing causal exposure-
health effect relationship and Provisional OBL (POBL) based on robust toxicological animal data showing dose-
response relationship as well as two assessment values which are not health based: reference levels in the general
population (Reference OBL or (ROBL)), and Technical achievable OBL or (TOBL). Four case studies illustrating
the derivation methods for OBLs and POBLs are also provided. Using this state-of-the-art approach (OECD
guidance document no. 370) will lead to a harmonized derivation of OBLs and subsequently to evidence-based
risk management measures.

1. Introduction

Occupational exposure limits (OELs) are effective in controlling
inhalation exposures to chemical substances, and consequently, imple-
ment Risk Reduction Measures (RRM). Quantifying measurements of
chemical exposures that enter the human body via several exposure
routes, e.g., inhalation and skin, using biomonitoring are often missing.
A harmonized approach in deriving such biomonitoring values can lead
to improved worker health. A collaboration among scientific and regu-
latory experts from more than 40 institutes in 15 countries within the
Organization for Economic Cooperation and Development (OECD)
framework set out to develop a harmonized method for deriving occu-
pational biomonitoring levels (OBLs). “OBL” was introduced as a generic
umbrella terminology to cope with the variety of terminologies and
avoid confusion with national biomonitoring limit values that are
associated with specific derivation methods. This collaboration resulted
in an OECD Occupational biomonitoring guidance document that is
open access and online (https://www.oecd.org/content/dam/oecd/en/
publications/reports/2022/11/occupational-biomonitoring-guidance-d
ocument_53¢29118/11bc2c7a-en.pdf). It is relevant for the occupa-
tional health field and was developed for Occupational Health and Hy-
giene Professionals (OHP), regulatory authorities, chemical industries,
researchers as well as stakeholders interested in occupational and gen-
eral population biomonitoring (Hopf et al., 2024). This manuscript
summarizes the OBL derivation part of the guidance and provides an
overview of the harmonized approach for risk assessors, scientists, and
regulators tasked with establishing OBLs.

Commonly used OBL derivation methods are given in Table 1 and
were the starting point for this guidance document, to achieve best
possible harmonization of applied methods. The most relevant approach
for worker in setting an OBL begins with exposure-response curves ob-
tained from sound epidemiological data thus, establishing a causal
relationship between an exposure biomarker and a specific health effect
or disease. These kind of studies are only available for a limited number
of chemical substances. Before such epidemiological studies are pro-
duced, exposure reduction strategies are needed to prevent occupational
diseases from new chemicals that are introduced on the commercial
market as well as well-known chemicals that are deemed hazardous to
health based on newer studies. Forward dosimetry is one such method
where the OBL is the concentration of an exposure biomarker in a bio-
logical media equivalent to the existing Occupational Exposure Limit
(OEL) (e.g., TLV®, MAK,). Forward dosimetry is also used in deriving
human biomonitoring guidance values for the general population (e.g.,
Total Daily Intake (TDI), Acceptable Daily Intake (ADI), and Reference
Doses (RfD)). These forward dosimetry methods are calculated in many
ways (Table 2) and used with a combination of approaches (Apel et al.,
2020). Forward dosimetry of OELs cannot be used to derive OBLs for
semi-volatile or non-volatile hazardous chemicals that cross the skin
barrier leading to internal exposures because OELs are only derived for
inhalation exposures. Derivation of OBLs for chemicals associated with
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systemic effects from skin exposure are often lacking because few deri-
vation methods exist. OBLs can be derived using dosimetry principles
and risk assessment methods similar to deriving OELs in the absence of
epidemiological data. Accurate dose estimation is essential for
dose-response assessments derived from animal toxicological data and
several methods exist (point of departure, derived no effect levels,
benchmark doses and interspecies extrapolation). These OBLs would
still be health based but the strength of evidence comes from animal
data. We have named these values Provisional Occupational Bio-
monitoring Levels (POBL), but they can become also refined OBL in case
of a good quality and evidence in the derivation process. In cases where
we know that the human populations are exposed (human bio-
monitoring data from large populations e.g., NHANES, (Terry et al.,
2024)) but no epidemiological and animal studies exist, OBLs are
needed because workers tend to encounter exposure to higher doses and
over longer time periods compared to the general population increasing
their risk of significant health effects. These known exposure levels can
be used to set Reference Occupational Biomonitoring Levels (ROBL) and
used to interpret occupational exposures in contrast to general popula-
tion exposures. Workers at the production site might be exposed to novel
chemicals and an OBL is useful to understand possible internal expo-
sures, but these OBLs are not health-based, nor population based but
rather what is technically feasible (e.g., known exposure biomarker,
chemical analytical methods exist). We refer to these values as Technical
Occupational Biomonitoring Levels (TOBL). Fig. 1 shows the increasing
strength of evidence and quality of scientific data needed to develop
OBLs, POBLs, ROBLs, and TOBLs.

The adoption of a harmonized approach for deriving OBLs can
enhance the overall occupational risk management and well-being of
workers. A harmonized methodology will likely increase the number of
OBLs, which is needed as chemicals are continuously being authorized
for commercial use. The harmonized OBL derivation approach also
outlines procedures for handling chemicals with limited toxicological
and exposure data is known (POBL, ROBL, and TOBL). Part of the
harmonization process was to use terminologies that can straddle
several scientific disciplines such as epidemiology e.g., health-based
OBLs are established on exposure-disease relationships, toxicology e.
g., health-based POBLs are based on dose-response curves derived in
toxicological studies, exposure science e.g., ROBLs are human exposure
studies, and engineering e.g., TOBLs are technical feasibility assess-
ments. The differences between OBL, POBL, ROBL, and TOBL are pre-
sented in Table 4 and discussed in subsequent paragraphs.

2. Derivation of OBLs
The harmonized OBL derivation was based on four methods:

1. causal associations between biomarker and health effects.
2. established correlations between air (OELs) and biomarker levels.
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3. physiologically based pharmacokinetic (PBK) modelling to obtain
biomarker values from external exposure levels.

urinary mass balance approach to calculate corresponding
biomarker levels for point of departures (PODs) (e.g., using the No
Observed Adverse Effect Levels (NOAELs) and applying assessment
factors to account for the uncertainties). A POD refers to the specific
dose of a substance at which an initial measurable biological effect is
observed in the toxicological dose-response curve established from
experimental or observational data. The POD serves as the starting
point for calculating exposure limits.

4.

Irrespective of the method used, the first step in OBL derivation is the
selection of an appropriate exposure biomarker. Fig. 2 gives an overview
of the criteria for selecting the exposure biomarker as well as examples
of these criteria. A recent publication is also available for this topic
(Weistenhofer et al., 2023). All OBL derivation methods inherently
possess certain uncertainties and bias. It is imperative to acknowledge
these and rate the confidence of the derived OBL. We used the vague
terminology “level of confidence” to distance this process from different
national processes that define their methods for weight of evidence and
review processes. It should provide possible harmonization steps for the
derivation. For instance, the most robust OBL derivation method;
“Correlated exposure-effect biomonitoring” will yield health-based
biomonitoring values based on sound scientific data that provide a
causal relationship between the biomarker concentrations and measur-
able health effects. This approach may still have some uncertainties in
the data (i.e., confounding factors related to the data, biases, consistency
across studies, and biological plausibility), which need a confidence
evaluation. Furthermore, this OBL derivation method requires a
considerable amount of quality data to significantly associate the bio-
monitoring data (exposure) to the effect (Table 3).

The recommended health based OBL derivation methods were
evaluated based on two criteria: the confidence assessments for both
hazard and data requirements as well as the exposure-health effect
response from epidemiological data and dose-response from the toxi-
cological data. Confidence assessments considered pre-established
criteria regarding hazard prioritization and dose-response relationship,
biomarker selection, and toxicokinetics regarding the nature and quality
of the data, the choice of the critical effect and the mode of action, key
studies used, critical dose and POD, and the need for extrapolations
across and within species. The quality of the scientific evidence should

Table 1
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be systematically presented making their assessment transparent and
defendable. Not only does the confidence assessment increase the
transparency in the derivation of the harmonized OBL process but it also
distinguishes the scientific evidence from the socioeconomical, and
technical factors used in defining regulatory binding OBLs.

OBL derivation methods 1 and 2 described in Table 3 have tradi-
tionally been used in occupational health for setting OBLs for substances
with a rich database on health effects and toxicokinetics. These are
based on measured data with mostly human toxicological relevance.
Sometimes only old scientific data exist, and these may not cover
exposure ranges relevant of today. In such instances, the confidence
assessment is reduced. Physiologically Based Kinetic (PBK) modeling
can be used to support measured data for establishing correlations be-
tween air to urine biomarker concentrations in OBL derivation method
2. PBK models should include all relevant exposure pathways. One
example is for 2-methoxy ethanol where the OBL was derived using a
one compartment toxicokinetic model assuming not dependent linear
kinetics to estimate urinary excretion after occupational exposure
(SCOEL, 2006). For methods 2 and 3, existing OELs can be used as a
starting point in deriving OBLs. The OBLs need to be revised in accor-
dance with the OEL revisions as well as new toxicological knowledge.
OBL derivation method 4 is used when only a minimum amount of
toxicokinetic and health-related data are available. This derivation
method often results in a POBL. Data sets with high or at least medium to
high confidence in the overall confidence assessment might give a more
robust estimate, and thus, is the preferred option for an OBL derivation.

Main uncertainties related to the derivation of OBLs with method 1
(Table 3) are the robustness of the scientific evidence for the epidemi-
ological data and the three underlying categories: hazard prioritization
and exposure-response assessment, appropriate biomarker selection,
and toxicokinetic aspect considerations as well as the studies’ potential
sources of bias and confounding variables. Epidemiological studies need
to show a causal inference for the chosen biomarker and the identified
health effect. Furthermore, the application of the Bradford Hill criteria
(Fedak et al., 2015) should incorporate data from molecular biology,
toxicology including animal or other mechanistic studies, and other
disciplines when assessing biological plausibility. Recent advancements
in scientific tools and techniques that have been developed in recent
decades across various scientific disciplines provide valuable support for
the interpretation of epidemiologic studies and related data.

OBLs derived indirectly with method 2 (Table 3) have uncertainties

Brief characterization for widely used derivation methods for Occupational Biomonitoring Level (OBL).

Derivation SCOEL / RAC MAK (Germany) ACGIH (USA) ANSES (France) HBMA4EU (Europe)
method (Europe)
Values” BLV, BGV BAT, BLW, BAR, EKA BEI BLV, pragmatic BLV, BRV HBM-GVworkers
substances - Relationship between 2 options 2 options 2 options 3 options
with a health effects and - Relationship between - Relationship between health - Relationship between health effects - Relationship between
threshold effect  biomonitoring levels health effects and effects and BEI levels and biomonitoring levels health effects and
- Correlation between biomonitoring levels - Correlation between air and - Correlation between air value and biomonitoring” levels
air values and — Correlation between biological values to find the biomonitoring” levels Mass balance - Correlation between air
biomonitoring levels air values and BME equivalent BEI for the set TLV approach can be investigated and PBK value and biomonitoring
levels value PBK modelling used for modelling used as support levels - based on a POD
support. - experimental study on
animals. Tools used: Mass
balance approach or PBK
modelling widely used
substances No BLV derived, only Yes, BAR and EKA Yes, if other health effects Excess risk and if not possible No
without a BGV. occur. recommendation of a pragmatic
threshold effect value and/or BRV (2 options above)
substances No BLV derived. Yes, BLW If negative feasibility Recommendation of a BRVifnodata? =~ Where lack of data? Low
with limited assessment, then no BEI" No value level of confidence
data attributed if no data? No

value

@ Abbreviations: BAR Biological Reference values, Biologische Arbeitsstoff Referenzwerte), BAT (Biological tolerance values in blood and urine, Biologische
Arbeitsstoff-Toleranzwerte), BGV (Biological Guidance Value), BLV (Biological limit value), BLW (Biological guidance value, Biologische Leitwerte), HBM-GVyorkers
(Human Biomonitoring Guidance Values), EKA (Exposure equivalents for carcinogenic agents, Expositionsaquivalente fiir krebserzeugende Arbeitsstoffe)
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associated with the existing OELs such as 1) the underlying toxicological
and epidemiological data used to derive the dose-response curve from
external exposures, and 2) the correlations between external and in-
ternal exposures. The most significant uncertainties are often related to
assessing human relevance of available animal data and extrapolating
from identified No Observed Adverse Effect Levels (NOAELSs), Lowest
Observed Adverse Effect Levels (LOAELs), and Benchmark doses
(BMDs). Assessment factors (which are often only “default” factors, not
based on real data for the level of the uncertainty) are used but they do
not remove the underlying uncertainty related to human relevance. The
reliability of the established correlations needs to be assessed for 1) the
range of air and urine concentrations covered by the measured data, 2)
the number of data points, 3) strength of the correlation, and 4)
coherence between studies when several studies for the same substance
are available. Correlations obtained from controlled volunteer studies
may be more reliable compared to the correlations obtained from the
workplace with their inherent confounding factors, e.g., combined
chemical exposures, multiple sources of chemical exposure (aggregate
exposures), and multiple exposure routes (skin, inhalation, ingestion for
different work rates).

OBLs derived using PBK models (method 3 Table 3) have un-
certainties associated with the kinetic data used for the PBK model
development. In general, the kinetic data obtained from controlled
human studies have higher reliability than kinetic data obtained from
animal studies.

The most significant uncertainty associated with the OBL derived
using mass balance approach (method 4 Table 3) comes from the reli-
ability of the urine excretion fraction and the assumption having a
steady state balance reached after 24 or 48 h. In addition, both method 3

Table 2
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Derivation of different occupational biomonitoring levels (OBLs)

)

¢ Health based

* human data

OBL

* causal exposure-health effect relationship

¢ Health based

¢ animal data

(iPOBL
* dose-response relationship
\ » Reference population
ROBL

¢ human biomonitoring data from
large populations

¢ Technical feasibility
* known exposure biomarker
¢ chemical analytical methods exist

TOBL

Strength of evidence and quality of scientific data

Fig. 1. The strength of evidence and the quality of the scientific data de-
termines the feasibility of deriving: Occupational Biomonitoring Level (OBL),
Provisional Occupational Biomonitoring Level (POBL), Reference Occupational
Biomonitoring Level (ROBL), and Technical Occupational Biomonitoring Level
(TOBL) depends on.

and 4 have underlying uncertainties associated with the OEL value or
the POD selected for the OBL derivation.

Data confidence need requirements were assessed using an ordinal
scale consisting of three levels: high, medium, and low confidence.
Generally, a refined OBL can be proposed when the average confidence

General prioritization and review process for existing Occupational Biomonitoring Level (OBL) derivation schemes.

Steps SCOEL / RAC (Europe) MAK (Germany) ACGIH (USA) ANSES (France) HBM4EU (Europe)
Working Mandated for different Requests from German Substances selected from Request from the Substances selected
program substances received from DG authorities, occupational requests sent to ACGIH or French from the different
Empl physicians, and hygienists from the TLV committee ministry for Labour HBMA4EU prioritization
(DGT) or internal rounds
request (ANSES)
Appraisal SCOEL: SCOEL experts prepared ~ Two-step collective appraisal: 1st ~ Two-step process: 1st a Collective appraisal: Elaboration of a
process the recommendation (until year =~ Working group on Setting of BAT  feasibility assessment, and if Working group on document by UBA/
2019) RAC: ECHA prepare values; 2nd Plenum of MAK sufficient scientific evidence; biomonitoring Expert ANSES ANSES* : the
scientific report, which is commission* 2nd BEI development Committee on working group on
evaluated by RAC and RAC Reference Values biomonitoring is
opinion formed. contributing
Validation SCOEL: (1) Document send to (1) Two-step collective appraisal Committee members vote for (1) Validation of a (1) Document send to
process consultation to national experts (see before); “Notification of intended collective expertise consultation to national

Diffusion and
endorsement
process

((2) Comments considered, and
responses sent to commenting
experts.

RAC: (1) Public consultation of
the ECHA scientific report. (2)
RAC consultation of the RAC
opinion, stakeholders can
comment in the meeting.

1. SCOEL recommendation
published in EC website. RAC
opinion/ECHA scientific report
published in ECHA website.

2. Both go to DG Empl and ACSH
and legislative process to set
limit values is initiated.

3. If binding limit value is set an
impact assessment is performed
and socioeconomic and
feasibility factors are
considered.

Note that although SCOEL/RAC
has recommended > 20 BLVs,
only blood lead has been
included in legislation as a
binding BLV.

(2) public feedback period (6
months after announcement);
(3) Re-evaluation in case of
public feedback

Annual publication of the HBM
assessment values in the “List of
MAK and BAT values” (issue and
delivery to the German Ministry
of Labor and Social Affairs on
July 1st); the Committee of
Hazardous Substances (advisory
board of the German Ministry of
Labor and Social Affairs) takes
notice and discusses the values of
the MAK commission* in general,
but is free to set official values
different

changes” published in the
booklet. A finalized approved
document available for public
comments. Document adapted
by BEI committee and
approved.

Annual publication of the TLV-
BEI booklet by ACGIH.

report

(2) Public consultation
(comments considered
in a final version)

(3) Adoption of the
conclusions

1 — Publication of
ANSES opinion

2- Social concertation
(for discussion on
possible delays,
technical and economic
feasibility problems)

3- Publication of a
decree (binding OEL or
BLV) or an order
(indicative OEL or
BLV).

experts and experts
from European agencies
(2) Comments
considered and
responses sent to
contributing experts

Sending to the EU
Commission and
Publication in peer
reviewed journals and
on the HBM4EU
website
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invasive

Specificity with Biomarker Biomarker is
respect to the concentration stable in the
chemicals, i.e., correlates with || biological
its capacity to the substance sample matrix
demonstrate intake dose. for several
exposure to this Low risk of hours during
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with the lowest Biomarker Transport
risk of false detects low conditions
positive exposures. optimized to
assessments. LOQ lower ensure
than 10% of an || stability.
OBL with a Biomarker is
variability of stable over
less than 50%. || time using
cryopreservati
on at -20 °C.

Biomarker Biomarker Biomarker
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long (few not altered by | | matrices that
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measureme environment sampling
nts. during the protocol.

analysis.

Variations in

matrix

composition

can be easily

corrected for

(e.g.,

creatinine in

urine, lipids in

serum).

Fig. 2. Criteria for selection of biomarkers.

score is equal or better than medium. In the cases with less confidence or
without confidence assessments, POBLs should be derived. Three main
confidence assessments should be scored during the OBL derivations for
appropriate risk management. The first confidence assessment is the
hazard prioritization and exposure-response assessment and the
selection of the POD. The second is the selection of the biomarker
including specificity and sensitivity of the biomarker as well as analyt-
ical aspects (e.g., confounding exposure sources, contamination). The
third confidence assessment is the toxicokinetic aspects including
quality and robustness of the toxicokinetic data, established correlations
between external and internal concentrations and between toxicological
effects and biomarker levels, and urinary fraction data.

For practical purposes, the three confidence assessments are quali-
tatively scored and then an arbitrary numerical value assigned to each
score: 1 =low, 1.5 =low-medium, 2 = medium, 2.5 =medium-high,
3 = high. These ordinal values for the qualitative confidence scoring
were assigned to establish a numerical value, a cut-point for which the
scientific evidence supported the derivation of a health-based OBL, or
the lack of evidence pushing it down to the derivation of a POBL.
Generally, an OBL can be proposed if the average confidence score is
equal or better than 2. If there are significant data or quality gaps
meaning that two out of three scores are “low”, the OBL will be
described as a POBL. However, when one score is low and others me-
dium or high, the value can be justified and declared as an OBL instead
of a POBL.

3. Derivation of POBL

Generally, POBLs are the default outcome of a refined OBL derivation
that failed to meet medium or high confidence assessments. POBLs can
be derived based on data with a valid NOAEL, LOAEL, or BMD by
incorporating urinary mass balances. The urinary mass balance
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approach can be used for deriving a POBL with limited human toxico-
logical datasets. For example, in Europe, the Regulation (EC 1907/2006)
concerning the Registration, Evaluation, Authorisation and Restriction
of Chemicals (REACH) requires manufacturers or importers of chemicals
of quantities exceeding ten tons per year to establish a Derived No Effect
Level (DNEL) for oral intake (DNELoral). DNELSs are the concentration
for a substance that does not adversely affect human health and is
derived according to criteria set out in the regulations (see: (ECHA
Guidance, 2012; Boogaard et al., 2011)). The established DNEL is
multiplied by the urinary steady-state concentration factor for the
biomarker measured after 24 h or 48 h exposure, the so-called urinary
excretion factor (FUE) (Eq. 1). If the biomarker is a metabolite, then the
Fyg needs to be multiplied with the ratio of the molecular weights (MW)
to the parent compound. This product is then divided by the urine vol-
ume (u) (0.02 L/kg bodyweight/24 h) (Aylward et al., 2015). Note that
the Fyg has not been harmonized and several values appear in the
literature. For a given chemical, several Fyg values can be found in the
literature. Expert judgement should be used when selecting the most
appropriate value based on study quality or an average value based on
several high-quality studies (e.g., human controlled dosing studies). If
several Fyg studies with similar qualities appear also the lowest Fyg can
be also taken to derive the most conservative POBL.
pOBL — PNELorarXFysxXMW o))
u

The relevance of a POD needs to be evaluated before using it in the
derivation of a POBL because they are usually based on a POD derived
from animal data and extrapolated to workers. Relevance depends on
the purpose of the assessment or regulatory framework for which it is
evaluated. This assessment is always expert judgement driven and in-
cludes five typical questions (Fig. 3).

PODs rated relevant without restrictions or relevant with limited
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Table 3

Recommended methods for refined Occupational Biomonitoring Level (OBL)
derivation with associated rankings of uncertainties, data needs, and preference.

Derivation method Uncertainties Data
need
1  Correlated exposure-effect
biomonitoring
e health-based biomonitoring In epidemiological data, i.e., high
values directly based on the confounding factors related to
relationship between the data, biases, consistency
biomarker and health effects.  across studies, and biological
plausibility
2 Correlated OEL and biomarker
level
e biomonitoring values using e underlying data used to medium-
measured data and derive dose-responses from high
correlations between external exposures. High
external exposure levels and uncertainties related to the
biomarker levels. The OBL is toxicological database, the
usually set to correspond to greater the assessment
health based OELs. factors.
e correlation data between
external and internal
concentration.
3 Simulated PBK levels
o the PBK needs to cover all In PBK models incorporate medium-
relevant exposure pathways parameters from animal and/ high
(inhalation, skin uptake, and  or human studies,
ingestion) and should predict ~ adjustments, and calibration
urinary biomarker excretion with human data.
concentrations as well as
central compartment (blood)
concentrations.
e The PBK models should as far
as possible incorporate
human parameters and be
adjusted or calibrated with
human data.
4 Health based mass balance
approach
e urinary mass balance PODs relevance and low-
approach to calculate reliability. Urinary fraction medium

biomarker levels data. Confidence assessment
corresponding to existing

OELs or to health PODs.

application of AFs to account

for the uncertainties.

1 OBLs derived indirectly using established correlations between air and
biomarker levels are associated with the existing OEL’s and uncertainties. These
are related to: 1) the underlining toxicological and epidemiological data used to
derive dose-response, and 2) the inter-species extrapolation.

restrictions can be used for POBL derivation. Furthermore, the identified
studies, selected for the POD, are then categorized according to their
corresponding NOAELs or LOAELs with the lowest value labeled as
“precautionary”, the next highest “balanced”, and the highest “relaxed”.
We recommend incorporating all potentially reliable studies leading to
adverse effects. This approach can minimize expert judgement discus-
sions, and the risk of missing available evidence in a crucial primary risk
identification step. The primary purpose of the POBL is the identification
of possible toxicological risks. In some instances, however, the POBL can
lead to an overestimation compared to a refined OBL. Therefore, after
identifying the toxicological risks, the potential for derivation of an OBL
should be considered.

4. Derivation of ROBL

The ROBL is a strictly statistically defined value and not linked to any
adverse health effect. It relates to the internal exposure of a substance of
interest present in a reference population of working age who are not
occupationally or otherwise specifically exposed to the substance. A
ROBL is established on background levels quantified in large-scale
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general populations in biomonitoring studies. Data from national sur-
veys can be considered appropriate because of their high participation
rate. The purpose of comparing collected occupational biomonitoring
data to a ROBL is to understand the fraction of the internal exposure that
most likely occurred at work. For example, some substances are not
detected in the general population and consequently, the exposure
observed in the workers are attributed to occupational exposures.

Biomarker concentrations measured in the general population do not
show a normal but a distinct left-skewed distribution (Solberg, 1983).
The ROBL is usually set at the 95th percentile of the distribution function
(P95) of a larger population to accommodate possible background levels
(Angerer et al., 2011; Commission., 1996; Goen et al., 2012; Holst &
Christensen, 1992; Vogel et al., 2019). General population exposures
can be influenced by many factors, such as age, sex, social status, resi-
dential environment, nutrition, lifestyle, including leisure activities and
geographical region (Goen et al., 2012; Schulz et al., 2011). These fac-
tors may influence an individual at different time-points in life. ROBL
might therefore need to be developed for specific populations (e.g., age
groups for accumulating biomarkers, smoking status, and others)
reflecting different Absorption, Distribution, Metabolism, and Excretion
(ADME) and geographical region due to environmental contamination.
Reference values describe exposures at a distinct time in the general
population, consequently, reevaluations are required because exposures
are dynamic.

5. Derivation of TOBL

The TOBL is based on the ALARA principle (‘As Low As Reasonably
Achievable’) and can thus not be used for health risk assessment pur-
poses. A TOBL should be derived for hazardous substances for which
there is insufficient scientific knowledge regarding health effects. The
TOBL should be viewed as a biomonitoring level in workers where state-
of-the-art exposure controls have been implemented to limit any asso-
ciated exposures to known hazardous chemicals. A generally accepted
TOBL may vary between countries and even industrial sectors.

The TOBL is derived using all available data and relies on expert
judgements followed by discussions with stakeholders and ultimately,
an agreement between the parties concerned. The last step in a TOBL
derivations is the evaluation from trade associations and in particular,
health and safety officers, concerned workers and authorities, and in-
dependent experts, e.g., engineers of production facilities and protection
devices as well as occupational hygienists. Evaluations of the TOBL
should as for the other OBLs be continuously assessed on new scientific
evidence, but in addition for TOBLs, technical advances need to be
evaluated.

6. Tiered approach in derivation of OBLs

The main type of OBL derivation as well as POBL, ROBL, and TOBL
are given in Table 4 and Fig. 1. The tiered approaches consider both
types of OBLs; health based (OBL and POBL) and non-health-based
(ROBL and TOBL). The aim should always be to establish and use the
highest tier: OBL > POBL > ROBL > TOBL. The overall tiered approach
includes a decision tree aimed to help Occupational Health and Hygiene
Professionals (OHPs) to control and manage workplace exposures using
occupational biomonitoring and provide a framework for using and
interpreting occupational biomonitoring data. Fig. 4 is a flow chart
describing the steps for developing either of the four OBLs and starts
with dividing the data into threshold and non-threshold substances.

Depending on the situation and available data, these can be exposure
data, occupational biomonitoring data, technical data regarding
external exposure or animal toxicity/epidemiological data dose-
response data. The decision tree is a series of questions and yes/no an-
swers (Fig. 4):
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Questions for assessing the relevance of PODs

o

endpoints and species?

T

.¢ Are the reported endpoints relevant for humans and appropriate for the
regulatory purpose (e.g., leading to adverse effects)?

Are the reported endpoints appropriate for the investigated effects or the@
mode of action of the test substance and the target human population?

Are the experimental conditions relevant for the tested species
and the target human population?

o,
Is the exposure duration relevant and appropriate for the studied .

Is the route of administration relevant for target human
® ; @ population exposure?
N

Q

<&»

Fig. 3. Typical questions to answer when assessing the Point of Departures (PODs) for deriving Provisional Occupational Biomonitoring Level (OBL) ((P)OBLs).

e Question 1: Are there strength of scientific evidence from high
quality data available to establish a causal relationship between a
specific exposure biomarker and health effect and a relevant
threshold mode of action (MoA)? If the answer is yes and yes, then
the decision is to go immediately to Tier 4 to establish an OBL
(Category 1 A OBL). If the answer is yes and no, then the following
question is: Are there high-quality health data available and is non-
threshold mode of action (MoA) relevant so a risk based OBL can be
derived? If the answer to this is yes and yes, then the decision is to go
to Tier 4 to establish a 1 C OBL. If the answer is no and no, then
answer the next question.

Question 2: Is there an external OEL available as well as toxicokinetic
information of high quality? If the answer is yes, then go to Tier 4 to
establish a 1B OBL. If the answer is no, then answer the next ques-
tion. For non-threshold MoA risk based OBLs analogue to OBL
without threshold can be derived (see 1D OBL).

Question 3: Are there high quality and relevant data available to
establish a POBL? If the answer is yes, then go to Tier 3 to establish a
POBL. If the answer is no, then answer the next question.

Question 4: Are there high quality and relevant large population
biomonitoring data available to establish a ROBL for the general
population? If the answer is yes, then go to Tier 2 to establish a
ROBL. If the answer is no, then answer the next question.

Question 5: Are there technical and occupational biomonitoring data
available to establish a TOBL? If the answer is yes, then go to Tier 1
to establish a TOBL. If the answer is no, then assess if this is a non-
threshold chemical substance. If yes, then find out if there is an
OBL or POBL available for a threshold mechanism. If yes, then use
that OBL as a pragmatic value for the time being. If no, then new data
need to be generated to establish a TOBL, a ROBL, or, a POBL or an
OBL.

7. OBLs in risk management

The tiered approach depends on the strength of scientific evidence
and the confidence rating given by experts used for the OBL derivation.
The type of adverse effects, the confidence in the effect, and the
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relevance of the effects are prone to expert judgement biases. This OECD
occupational biomonitoring guidance tries to harmonize the OBL deri-
vation process and with a tiered approach help guide the OHPs in
interpreting biomonitoring results. The practical use of the tiered
approach in occupational risk assessments will be influenced by several
factors other than the strength of evidence and quality of the data, such
as the frequency of exceedances, the number of workers with exceed-
ance, and the access to individual worker data. Also, national, or in-
ternational political and regulatory windows of opportunity might lead
to derivations or revisions of OBLs. New developments, new (inter)na-
tional consensus, e.g., on threshold versus non-threshold effects or the
relevance of gender-specific adverse effects and improvement of chem-
ical analysis or the generation of new data could have direct conse-
quences on how the tiered approach is used in occupational risk
assessments. These risk management approaches based on the exceed-
ances of various levels of OBLs are interpreted in Table 5.

The current tiered approach for the biomonitoring-based occupa-
tional assessments that use exposure biomarkers is based on many dis-
cussions at the international level and it follows the OECD consensus
approach. We recommend making use of this harmonization progress to
improve and give comparable protection levels to workers across
countries and companies.

8. An illustration using case studies for OBL derivation and for
POBL derivation

The OECD occupational biomonitoring guidance includes four case
studies: di-2-ethyl hexyl phthalate (DEHP), hexamethylene diisocyanato
(HDI), aluminum, and chromium, elaborated for OBL derivation and for
POBL derivation on the human. Furthermore, information using effect
biomarkers for monitoring exposures to complex chemical mixtures are
presented in supplementary material.

Four case studies were selected to illustrate the process in deriving
OBLs: (1) aluminum, (2) chromium (VI), (3) 1,6-hexamethylene diiso-
cyanate (HDI), and (4) di(2-ethylhexyl) phthalate (DEHP). The deriva-
tion process is dynamic and will change depending on available
scientific data. Therefore, we have completed the case study exercise by



N.B. Hopf et al.

Table 4
Main- and subcategories of different Occupational Biomonitoring Level (OBL)
and their derivation types.

Sub-
category

Category  Type Tier Scientific basis

OBL Health based on
epidemiological

evidence

v 1A Causal relationships
between biomarker
concentration and health
effect.

Available OEL or OELV (e.
g., DNEL, TLV) and a (TK-
based) relationship
between air and
biomarker concentration
Non-threshold effect data
(e.g., genotoxic
carcinogenicity) and risk
numbers (e.g., biomarker
level corresponding to
107% 1075, 10~ risk of
cancer)

Option if OBL Cat 1 C
based on internal
concentrations cannot be
derived e.g., due to lack of
sufficient (reliable) dose-
response data. Then
external risk levels
corresponding to 107°,
105,10~ * risk of cancer
can be used instead.
POBL,; if no Cat 1 OBL
available; often based on
animal NOAEL. POBL can
also result from OBL with
low confidence
assessments and follow the
same A-D subcategories as
for OBL (2 A, 2B, 2 C, 2D).
Statistically based
reference Level (e.g., P95)
in the general population.
Technically derived where
chemical exposure is
limited as low as
reasonably achievable.

1B

1C

1D

POBL Health based on
toxicological

evidence

III 2

ROBL Reference I 3

population

TOBL Technical feasibility I 4

presenting the same four case studies but this time omitting the human
toxicity data to derive POBLs (Table 3). The urinary excretion factors
were kept constant (FUg for DEHP 0.4, HDI 0.21, Aluminum: 0.00145
for partially or less soluble Al substances and 0.0074 for soluble Al
substances, and Chromium 0.8) as well as the volume (u set equal to
20 mL/kg bw/d) to be able to compare the results in terms of toxicity
reference values (TRV).

8.1. Case study 1 — Aluminum

Inhaled aluminum e.g., welding fume during welding processes, may
be retained in the lungs before gradually being released into the
bloodstream and accumulate in the bones (Hadrup et al., 2024).
Consequently, aluminum has a long half-life (>20 years), which has also
been predicted for aluminum accumulated in the brain. The main target
organs for aluminum in humans are the central nervous system and
lungs (e.g., lung fibrosis (aluminosis) in occupationally exposed
workers).

Occupational epidemiological evidence suggested an association
between urine or serum (U/S) aluminum concentrations and effects on
the central nervous system. This correlated exposure-effect (method 1 in
Table 2) was used in deriving an OBL for urinary aluminum (U-Al) (3
nmol/L or 2.3 pmol/g creatinine or 62 pg/g creatinine) (Riihimaki &
Aitio, 2012). An OBL for U-Al was also derived using correlated OEL
(total dust concentration 1.5 mg/m3) and biomarker levels (method 2 in
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Table 2). This corresponded to 60 pg/g creatinine (Klotz et al., 2021)
and later revised to 50 ug/g creatinine based on new evidence showing a
direct correlation between the occurrence of subclinical neurotoxic ef-
fects in aluminum exposed workers and their U-Al concentrations
(method 1 in Table 2). Here, cognitive effect sizes of subclinical
neurotoxic effects from nine epidemiological studies were combined and
associated with the medians of U-Al concentrations (Klotz and
Weistenhofer, 2019). The urine collection for long-term exposures was
set at the end of the shift after several shifts. The derived OBL gave U-Al
concentrations of 50-62 pug/g creatinine.

Assuming we do not have scientific evidence for workers, then we
would derive a POBL based on relevant animal studies (see Fig. 3). A
precautionary POBL derivation using a chronic NOAEL for inhalation
exposure to Al;Os in rats of 2.5 mg/m3 gave a DNELy, of 0.19 mg/kg/
d resulting in a POBL of 1.38 ug/L. The POD was relevant. A balanced
POBL derivation with a sub-chronic LOAEC for local effects such as lipid
pneumonitis, granulomatous inflammation, and collagenous scars in
rats of 50 mg/m° gave a DNELopy of 0.127 mg/kg/d resulting in a POBL
of 9.2 pg/L. The POD was partially relevant because it included local
effects. Sensitivity was assessed as the ratio between the POBL
(1.38-9.2 nug/L) and OBL (57 pg/L) and was for aluminum between 6
and 41. Please note: Al HBM-GV for worker is also in the workplan of
PARC.

8.2. Case study 2 — Chromium (VI)

Hexavalent chromium is a genotoxic carcinogen, consequently, no
concentration limits can be set to protect against carcinogenic effects.
However, a linear approach has been used to assess cancer risks asso-
ciated with specific Cr(VI) air concentrations found in occupational
settings. For example, occupational exposures to Cr(VI) air concentra-
tions of 1 ug/m® (8-hour time weighted average (TWA) over 40 years
resulted in an excess cancer risk of 4/1000 exposed workers and
increasing the air concentration to 5 pg/m3 gave an excess cancer risk
estimate of 20/1000 (SCOEL, 2017). Generally, the range of substance in
air and urine concentrations covered by the measured data, the number
of data points, and the strength of the correlation should all be consid-
ered when assessing the reliability of established correlations. When
several studies for the same substance exist, then coherence across
studies should also be considered. It should be noted that general pop-
ulation background levels (95th percentiles) for urinary chromium
(U-Cr) generally vary between 0.5 and 0.8 pg/L in different populations.
Note that OBLs are continuously revised with the accrued scientific
knowledge and available research. For example, a revision of the bio-
monitoring assessment value for Cr VI (OBL) is foreseen in the Part-
nership for the Assessment of Risks from Chemicals (PARC) in Europe
and ongoing.

Biomonitoring of Cr(VI) has traditionally used urinary chromium (U-
Cr). Although, this is an unspecific exposure biomarker influenced by
exposures to trivalent chromium, it is still a valid biomarker for occu-
pational Cr(VI) because its strong correlation with air Cr(VI) levels
(Santonen et al., 2022). An OBL of 2.5 ug/L (1.8 ug/g creatinine) for
U-Cr has been proposed and was based on the OEL of 1 pg/m? and
established correlations between Cr(VI) air and U-Cr levels in workers
exposed to soluble Cr(VI) compounds (method 2 in Table 2) (ANSES,
2017). This OBL is restricted to chrome plating activities because the
correlation data comes from that sector and established correlations
might not sufficiently reflect the situation in other industries. The urine
collection time was set to end of the shift and end of the week. Cr(VI)
correlations equations (method 2 in Table 2) considering data from work
tasks with plating baths were used (Chen et al., 2002; Lindberg & Ves-
terberg, 1983). In the case of Cr(VI), air and urine correlations were
described from several workplaces and took into account possible Cr(VI)
intake via the skin route or hands-to-mouth. The OBL for U-Cr will need
to be revised as new exposure regression analyses are available (Viegas
et al., 2022). Currently in PARC there is also an activity updating the
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[ Decision tree ]

[ If threshold and non-threshold MoAs are relevant, follow both routes
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Relationship human effect vs
biomarker concentrations
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yes no
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Fig. 4. Decision tree for derivation of Occupational Biomonitoring Level (OBL).

previous biomonitoring assessment values for workers related to their
increased lung cancer risk of 4/1000 workers of 40-year exposure. This
is leading to OBL values in the range of 1.2-1.8 ug Cr (VI) /g creatinine,
which are under discussion. The finalization is expected for 2024.

Again, omitting the human studies, we derived three POBLs. Pre-
cautionary POBL derivation with a DNELy, of 0.019 ug/kg/d based on
a LOAEL of 2.5 mg/m® after inhalation exposure for nasal irritation,
mucosal atrophy, impaired lung function in 104 workers. This resulted
in a POBL of 0.76 pg/L. The POD was partially relevant for lung func-
tion. A balanced POBL derivation with a NOAEL of 0.01 mg/m? after
inhalation exposure for increased lung weights in rats after 13 weeks
gave a DNELy,) of 0.38 pg/kg/d resulting in a POBL of 15.2 pg/L. The
POD was partially relevant for lung function. A relaxed POBL derivation
with a LOAEL of 4.3 mg/m® after inhalation exposure for epithelial
necroses after 18 months in rats gave a DNELy, of 10.98 ug/kg/
d resulting in a POBL of 439 pg/L. The POD was not relevant. Sensitivity
of different POBL and OBL approaches was assessed as the ratio between
the POBL (0.76 pg/L) and OBL (2.5-10 pg/L) and was for chromium
between 3 and 13.

8.3. Case study 3 — HDI

Respiratory sensitization is the critical effect of HDI exposures. There
are no data on the relationship between adverse effects and the corre-
sponding urinary diamine (U-HDA) biomarker, which is a metabolite of
HDI (method 1 Table 2). There is no respiratory sensitization threshold,
therefore it should be noted that the existing OBLs for HDI were derived
for irritation effects and do not fully account for respiratory sensitization
(TLV and MAK, see (Leng, 2017). Developments in how to handle this
type of health endpoint is currently being discussed for diisocyanates
and a dose-response between air concentrations of the “NCO (functional
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isocyanate group) group” and the occurrence of asthma has recently
been proposed (ECHA, 2020). The excess risk approach used for
carcinogen can also be used for respiratory sensitization.

There is some information on the association between of HDI air and
U-HDA concentrations in occupationally exposed workers. An OBL was
derived using correlation equations (method 2 Table 2) with OELs of
0.034 (TLV) and 0.035 (MAK) mg/m? giving the corresponding U-HDA
concentration of 15 pg/g creatinine in post-shift samples (Maitre et al.,
1996). Although, the dataset was small with only 19 occupationally
exposed individuals, the air — urine relationship was supported by other
data finding U-HDA concentrations of 11 ug/g creatinine corresponding
to 0.034 mg/m3 (Gaines et al., 2010; Gaines et al., 2011). Excess risk
over a working lifetime was 1 % for bronchial hypersensitivity calcu-
lated for HDI concentrations of 0.11 ug/m® and 5 % at greater than
0.67 pg/m3 expressed as reactive isocyanate (NCO) groups. These values
are 50 times lower than the current OELs based on irritation. Evaluating
this excess risk by assuming that 1 % is considered an “acceptable” risk
level, then it is not possible to use the available correlation equation to
calculate U-HDA because this equation does not cover sufficiently low
concentrations. In addition, the correlation was established between air
HDI monomer and U-HDA concentrations while at work, prepolymers of
HDI are used in coating applications. The difference in HDI monomers
and prepolymer can result in an underestimation of exposure to reactive
NCO groups coming from HDI prepolymer exposures because they are
not reflected as elevated U-HDA concentrations.

The POBL derivation was conducted for the HDI scenario without
human data. A precautionary POBL derivation with a LOEC for hyaline
degeneration of the respiratory epithelium in rats of 0.035 mg/m® gave
a DNELg,) of 0.089 pg/kg/d resulting in a POBL of 0.93 pg/L HDA. The
POD was for sensitization. A balanced POBL derivation with a NOAEL
for adaptations in nasal epithelium in a 2-year chronic rat study
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Table 5
Interpretation and perspective for action following compliance vs exceedance of
the Occupational Biomonitoring Level (OBL).

Group exposure Individual worker exposure

(aggregated data)
OBL Exceeded Risk cannot be Unacceptable exposure cannot
(non- excluded with be excluded.
compliant) reasonable certainty. Mitigation of personal exposure
Exposure mitigationis  necessary, e.g.:
strongly indicated. Ensure adequate and safe
handling or proper use of
personal protective equipment
(PPE) and other risk mitigation
measures (RMM).
Consider refined exposure
assessment, also other workers
might be exposed.
Or even advise change of job
tasks to protect the individual
from becoming ill.
Propose health surveillance (if
not already in place)
Compliant No current concern
POBL Exceeded Indication that Mitigation of personal exposure
(non- exposure too high. indicated. E.g., safe handling or
compliant) Consider exposure proper use of personal protective
mitigation. equipment and other risk
Consider OBL mitigation measures.
derivation. Consider additional
biomonitoring, also other
workers might be exposed.
Suggest discussing the situation
with OHPs.
Compliant No current concern indicated
ROBL  Exceeded Occupational exposure indicated. Check potential other
(non- sources. Can it be mitigated? Follow-up dependent on the
compliant) seriousness of potential health effect.
Compliant No occupational exposure is likely
TOBL  Exceeded Improve technical measures to reduce exposure
(non-
compliant)
Compliant No exposure above the lowest technically achievable

exposure

(because of missing adversity of adaptations the reported LOAEL was
interpreted as a NOAEL) of 0.005 mg/m> gave a DNELqy, of 0.27 pg/kg/
d resulting in a POBL of 2.79 pg/L HDA. The POD was partially relevant
and related to sensitization. A relaxed POBL derivation with a LOEC for
maternal toxicity and fetotoxicity in rats of 3.5 mg/m® gave a DNELqyy|
of 8.87 pg/kg/d resulting in a POBL of 93.14 pg/L HDA. The POD was
not related to sensitization. Sensitivity was assessed as the ratio between
the POBL (0.93-2.79 pg/L) and OBL (15 pg/L) and was for HDI between
5 and 16.

8.4. Case study 4 — DEHP

DEHP is a plasticizer that has been shown to exert antiandrogenic
effects resulting in adverse reproductive effects (Hlisnikova et al., 2020).
There are no available data showing direct correlation between urinary
DEHP metabolite concentrations with adverse health nor with DEHP air
concentrations in exposed workers. PBK models including inhalation
and skin uptake, commonly observed in occupational exposure, are also
absent.

A urinary mass balance approach (method 4 in Table 2) has been
used to set an OBL for DEHP corresponding to an OEL of 2 mg/m®
(MAK). The toxicity studies used to derive this OEL was based on
extrapolation from oral studies. The lowest NOAEL was 3.7 mg DEHP/
kg bw/d in a 90-day rat study and a LOAEL (vacuolization of Sertoli
cells) was 38 mg/kg bw/d. A conversion factor was used to extrapolate
from animals to humans. These extrapolations gave a “low” confidence
in the derived OBL. The OBL was set as the sum of four metabolites
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(represents the steady state); MEHP + 5-OH-MEHP + 5-oxo-MEHP + 5-
cx-MEPP to 4 mg/g creatinine (BLW) (Rettenmeier et al., 2019). The
urine collection time for long-term exposures was set at the end of shift
after several shifts. Another OBL was derived based on the same toxi-
cological data and again, using the urinary mass balance approach. This
OBL was for 5-cx-MEPP and set to 0.62 mg/g creatinine (HBM GV from
HBMA4EU). This OBL was based on fertility effects (onset of aspermato-
genesis) (David et al., 2000) with a POD of 5.8 mg/kg bw/d (NOAEL).
Here too, the OBL confidence was judged as “low” (Lange et al., 2021).

POBL derivation for DEHP omitting the human studies: A precau-
tionary POBL derivation with a LOAEL for dysgenesis of genitalia in rat
of 3 mg/kg bw/d has a DNEL,, of 0.01 mg/kg/d resulting in a POBL of
0.15mg/L for two metabolites: 5-oxo-MEHP and 5-OH-MEHP. A
balanced POBL derivation with a NOAEL for reproduction toxicity in
rats of 4.8 mg/kg bw/d gave a DNEL,, of 0.096 mg/kg/d resulting in a
POBL of 1.44 mg/L for two metabolites: 5-oxo-MEHP and 5-OH-MEHP.
A relaxed POBL derivation with a NOAEL for bilateral aspermatogenesis
reprotoxicity of 5.8 mg/kg/d gave a DNEL, of 0.116 mg/kg/d result-
ing in a POBL of 1.74 mg/L for two metabolites: 5-oxo-MEHP and 5-OH-
MEHP. Sensitivity was assessed as the ratio between the POBL
(0.15-1.44 mg/L) and OBL (4.52 mg/L) and was for DEHP between 3
and 30.

9. Conclusion and outlook

This methodology reflects current state of knowledge in occupational
biomonitoring. It provides detailed harmonized approaches for deriving
health based human biomarker guidance or limit values called Occu-
pational Biomonitoring Levels (OBLs). Furthermore, this concept com-
bines international knowledge and offers a harmonized approach
consisting of four widely accepted OBL deriving methods along with
their accompanied confidence assessments. Assessing the confidence
during the OBL derivation eliminates redundant risk assessment work,
encourages knowledge transfers, and enhances transparency as well as
defensibility. This confidence assessment may reduce the potential for
quality-related debates when implementing OBLs. We recommend using
these globally harmonized methods for deriving the health based OBLs
and POBLs for hazardous and relevant chemicals already on the market
as well as new chemicals and for the harmonized application of occu-
pational biomonitoring (Hopf et al., 2024). Harmonizing the OBL deri-
vation should encourage the use of biomonitoring in chemical risk
assessments on national and international levels. Finally, we provide a
tiered approach and a decision tree for deriving OBLs. The OBL deri-
vation is guided by strength of scientific evidence and their practical
application in occupational exposure assessment and occupational
health risk management. In addition to the provided harmonized
methodology for the derivation and interpretation of OBLs in occupa-
tional exposure biomonitoring, we describe the basis and outlook for
including effect biomonitoring in occupational risk assessment. Effect
biomarker biomonitoring is part of an ongoing OECD activity to address
health risks resulting from combined chemical exposures.
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