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• 8 chemicals---prohibited to manufacture, use, etc.

• 123 chemicals---regulated by specific ordinances; 
control measures defined by these ordinances 

=================================＝＝

• 674 chemicals ---SDS and risk assessment obligated 

• other chemicals --- GHS classified (ca.2000) and not-
classified by governmental GHS

80% of occupational accidents are from chemicals 
not regulated strictly.

Current legislation system for chemical substances 
in occupational settings in Japan

Strictly 
Regulated
Chemicals



Points of new system

Requirements for manufactures and users of chemicals of 

which hazard classified by the governmental GHS classification

 Implementation of risk assessment

 Mitigation of workers’ inhalation concentration not higher 

than concentration standard 

(setting concentration standard for ca. 500 chemicals is 
proposed by advisory committee)

 Mitigation of skin/eye damage and skin penetration of 
chemicals by using appropriate PPE

 Strengthen management of carcinogenic and delayed toxic 
chemicals

By taking into account these points, contents of this WS is prepared.  
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OECD Environment, Health and Safety 
(EHS) Programme

Examples of 
outputs

• Test Guidelines, Principles of Good Laboratory  
• Standards for exchange of information
• Global Portal to Information on Chemical Substances
• Guidance for Hazard and Exposure Assessment
• Tools for predicting the effects of chemicals (alternative test 

methods, QSARs)
• Cutting costs in Chemicals Management

Scope
Chemicals, nanomaterials, pesticides, biocides, chemical 
accidents, PRTRs, GMOs

Efficiency

Harmonized policies 
and instruments
of high quality

Work sharing;
avoid duplication; 

avoid non-tariff trade 
barriers; shorten time

to market

Objectives

Type of 
outputs

Protect human health and the 
environment



• Occupational Exposure Limits (OELs) project
- Launched in 2020, led by Canada

- Survey conducted in 2021 and the report published in June 
2022

• Occupational Biomonitoring project
- Launched in 2019, led by Switzerland

- Guidance document developed and to be published very soon
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Occupational Health related activities

You can find both documents on the Workshop website
https://www.oecd.org/chemicalsafety/risk-
assessment/oecdworkshoponapproachesforestablishingoccupationalexposurelimitsoels.htm

https://www.oecd.org/chemicalsafety/risk-assessment/oecdworkshoponapproachesforestablishingoccupationalexposurelimitsoels.htm


• Proposed by Japan in June 2022

• A follow-up activity on the OELs Survey

• To discuss

- Approaches to set OEL values

- Future perspective – Exploring International 
Harmonisation on the OEL settings

• Workshop report to be published
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Workshop on approaches for establishing 
Occupational Exposure Limits (OELs)
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• The absence of a globally harmonised approach contributes 

towards differences in derivation approaches and resulting OEL 

values

• In February 2021, a survey on OEL development was sent to 

WPHA and WPEA members

• Responses were received from 13 countries/regions

• Results related to OEL derivation are presented today

Background
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Available at 

https://www.oecd.org/

officialdocuments



1. Executive Summary

2. Introduction/Background

3. Roles, responsibilities and scope for OEL development 

4. Methods for development and derivations of 

occupational exposure limits

5. Successes and challenges of OEL programme 

implementation

6. Discussion

1. Similarities and differences in approaches to design and 

implementation

2. Potential for harmonization

Report Outline
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Roles, responsibilities, and scope

• Governance systems for OEL development vary around the world

• De novo development vs. adopting or adapting existing OELs

• Mandatory vs. non-binding OELs

– Mandatory OELs usually consider technical feasibility and socioeconomic 

impacts

– Non-binding OELs typically solely consider health-based guidelines

• Committees proposing OELs may include representatives from industry, 

worker groups, and the scientific community, in addition to government 

agencies
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OEL development at a glance

5

Points of Departure selection
• NOAEL/LOAEL 
• BMD/BMDL
Points of Departure modification
• Adjust worker’s actual exposure

(exposure frequency and duration)

Use of uncertainty factors (UFs) 
• Interspecies differences
• Short-term to long-term
• Individual sensitivity
• NOAEL to LOAEL

Approach for genotoxic carcinogens
• Linear extrapolation
• Statistical exposure-response models
• Setting acceptable risk levels

Methodology for deriving OELs

How data is evaluated to support and develop OELs

Types of data included in the data search
• Scientific literatures
• Reports made by established bodies
• Information from stakeholders 

How data quality is 
assessed
• Use tools/guidelines
• Develop criteria
• Use data assessed by 

other organisations

How critical studies are identified
• Human data
• Animal studies
• Read-across and QSARs

Definitions and Scope of Values
Endpoints included/excluded
• Sensory irritation
• Systemic effects
• Specific target organ toxicity

Type of OELs derived
• 8h time weighted averages
• Short-term values (15 min & 

ceiling)

Notation developed
• Skin/Noise
• Sensitisation (skin and respiratory)
• CMR (carcinogenicity, mutagenicity, repro)



Methods: Definitions and scope of values

• Organisations typically derive their OELs for chronic effects as 8-hour TWAs

– Acute effects typically addressed using 15-minute short-term values, and 

sometimes using a value not to be exceeded at any time (ceiling limit)

• Endpoints typically included are sensory irritation (ocular, dermal, 

respiratory), systemic effects and specific target organ toxicity

• A variety of endpoints are considered for exclusion amongst the 

organizations for their OEL development, including carcinogenicity, 

genotoxicity, reproductive and/or developmental toxicity, and 

sensitisation 

• Organisations also generally limit critical effects to endpoints that are 

relevant to humans and observed at the lowest exposure

• All organization use qualitative hazard notations

– Most common notation is for systemic effects due to dermal exposures

– Other notations also for carcinogenicity, skin and respiratory sensitisation, 

ototoxicity, reproductive toxicity, mutagenicity, and direct dermal toxicity
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Methods: Data evaluation

• Data comes from published scientific literature, reviews, and/or reports 

(from other established or recognized organizations)

• Some organizations examine unpublished studies from trustworthy sources, 

and/or if provided by stakeholders, industries, or unions 

• Organizations typically include epidemiological and experimental studies 

(human and/or animal data) in the data search

– Human data are used whenever possible, with animal studies used as 

necessary, and sometimes supplemented by in vitro data

• Evaluation of data quality and consideration of weight of evidence are 

performed by organisations; although approaches differ, they tend to 

evaluate the relevance, reliability, and adequacy of the data

• Read-across from chemical analogues and quantitative structure-activity 

relationship (QSAR) approaches used by some organisations to fill data 

gaps 
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• Selection of POD is based on the data available 

– Some organisations will use benchmark concentration approaches to derive a 

POD if possible

– NOAELs (and LOAELs, whenever necessary) are also used as PODs, either 

preferentially in some organisations, or limited to instances when benchmark 

approaches cannot be used

– Other statistical exposure–response models might be used to derive PODs from 

epidemiological data

• Uncertainty factors considered by most of the organisations include 
inter/intraspecies variation, LOAEL to NOAEL extrapolation, and study 

duration extrapolation

• Approaches for carcinogenicity can vary

– Linear approaches for non-threshold carcinogens where ‘acceptable’ or ‘minimal’ 

risk concentrations for carcinogenicity within included organisations range from 1 

in 1,000 to 1 in 1,000,000.

– Non-linear extrapolation is also employed by some organisations when 

carcinogenicity appears to result from a threshold mode of action. 

Methods: Calculating OELs
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Summary 

• Similarities were observed in the overall scientific process of 

evaluating health-based considerations 

• Differences arose in the applications of specific approaches and 

decisions

• The scope of each organisation’s OELs can influence the policies 

that drive decision making
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Item 4. Workflow/process 
– OEL settings in Japan –

Workflow for Setting Concentration  
Standard in the New Legislation in Japan

ONO, Mariko

Center for Research on Chemical Information and Management

National Institute of Occupational Safety and Health, Japan

12022/10/21 OECD WPEA OEL Workshop 



Points of the new legislation for Management
of Chemicals in Occupational Settings

Present Regulation based system
Specifically regulated substances

Risk assessment of work environment and applying 
control measures according to the regulation

131 chemicals

FY2023- Autonomous system
Chemicals already classified by according to GHS 

About 3,000 chemicals
Workers’ inhalation exposure 

≦ Concentration Standard like OEL
※ Employers are allowed to select type of Control Measures 

2022/10/21 OECD WPEA OEL Workshop 2



Points of new legislation system
(autonomous management)

Manufactures and Users of Dangerous/harmful chemicals 
confirmed by the national GHS classification system are 
required for the followings:

 Distribution of hazard information by labels and SDSs at the 
time of transfer/provision

 Implementation of Risk Assessment for manufacturers and 
users

 Control workers’ inhalation concentrations below 
Concentration Standard

※ Chemicals without Concentration Standard are required to make
exposure levels as low as possible.

 Use of adequate PPEs to prevent skin lesions or health effects 
due to skin penetration

2022/10/21 OECD WPEA OEL Workshop 3



Concentration Standards setting current schedule
(Original design from "Report of the Review Committee on Cemical Substance 
Management in Workplaces" (published on July 19, 2021)

2022 2023 2024 2025 2026

Expected number for 

Concentration Standards

ca.120
(150)

ca.170

(200)

ca.180

(200)
(200) (200)

Selected chemicals for FY 2022 were risk-evaluated at a 
certain level by the risk assessment project organised by the 
MHLW. Measurement methods were validated/proposed for 
83% of selected chemicals.
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Priority of setting Concentration Standard

Fiscal 

year

Number of 

Chemicals
Criteria for selection

2022 ca.120

Risk Assessment targeted materials of Risk assessment project of MHLW

 Measurement method validated/proposed: ca.100

 Measurement method not proposed ca.20

2023
ca.170

ACGIH TLV-TWA determined chemicals except Risk Assessment targeted materials;
measurement method validated/proposed

DFG MAK and/or  JSOH OEL proposed and coincident with ACGIH TLV-TWA: ca.60 of 
ca.280

DFG MAK and JSOH OEL determined but not coincident with ACGIH TLV-TWA: ca. 110 of 
ca. 280

2024 ca.180

Some OELs determined except Risk Assessment targeted materials; measurement 

method validated/proposed

only ACGIH TLV-TWA proposed:ca.110 of 280

ACGIH TLV-TWA, ACGIH TLV-STEL and/or TLV-C proposed: ca.20 of ca. 280

ACGIH(TWA/STEL/C) not ptoposed, DFG MAK or other OELs proposed: ca.55

2025-
Total

ca.390

ACGIH TLV-TWA determined except Risk Assessment targeted materials, and no 

measurement method proposed

 ACGIH (TWA/STEL/C)  determined: ca.280

 ACGIH(TWA・STEL・C) not determined, DFG MAK or other OELs available: ca.110



Concentration Standards setting current schedule
(Original design from "Report of the Review Committee on chemical Control in 
workplace" (published on July 19, 2021)

2022 2023 2024 2025 2026

Expected number of 

Concentration Standards

ca.120
(150)

ca.170

(200)

ca. 180

(200)
(200) (200)
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How to set Concentration Standards in the Japanese new system

Ex.) Comparison of established OELs, by taking into account   

endpoints, established year, latest epidemiological and/or 

toxicological information, availability of measurement methods, etc. 

2022/10/21 OECD WPEA OEL Workshop 



Concentration Standard setting procedure

(1)For Selected chemicals for three years, from 2022 to 2024, OELs 
have been proposed by at least one of three organisations, ACGIH, 
JSOH and DFG. Proposal documentations are available for these 
OELs. The Concentration Standards can be determined by 
reconsidering referred primary literatures in the documentations. 
In addition to that, latest literatures and exposure information, and 
so on, would be considered. 

 Risk assessment project organised by MHLW conducted 10-20 
chemicals per year. In the present plan, required number of setting 
Concentration Standards are more than hundred chemicals per 
year. Is it possible?

(2)The Concentration Standard is used to confirm that any workers’ 
exposure is below it. Exposure assessment and measurement 
method shall be presented concomitantly with Concentration 
Standard. 

2022/10/21 OECD WPEA OEL Workshop 7
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Establishing OELs for
carcinogens in the
Netherlands

Stefan Vink

Scientific staff member
Toxicologist and occupational hygienist
Health Council of the Netherlands

OECD OEL Workshop 2022 
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Health Council and Dutch OEL-system

2

“The Health Council of the Netherlands: an independent scientific advisory body whose legal task it 
is to advise ministers and Parliament in the field of public health and health/healthcare research.” 

Request

Health-based
recommended OEL

Recommended OEL

‘science’ ‘feasibility’
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DECOS: Permanent committee

| Gezondheidsraad3

• Dutch Expert Committee on Occupational Safety

• Independent committee of experts

• Toxicologists

• Epidemiologists

• Toxicological-pathologist

• Occupational physician

• Occupational hygienist

• Tasks: perform hazard assessments for substances and derive OELs
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2 types of OELs for carcinogens

| Gezondheidsraad4

• Threshold-based OELs and risk-based OELs

Carcinogens

Indirect or non-genotoxic
mechanism

Threshold-based OEL

Direct genotoxic 
mechanism

Cancer risk values

The Nordic Expert Group for Criteria Documentation of Health Risks from Chemicals 
154. Approaches for the setting of occupational exposure limits (OELs) for carcinogens
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Risk levels applied in the Netherlands
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• CRVs are exposure levels that correspond to risks set by the Ministry
• Target risk level: risk of cancer of 4:100.000 due to occupational exposure (acceptable)

• Prohibitive risk level: 4:1.000 (is not to be exceeded) 

• Target risk level often not achievable in practice

• OELs are set at exposure levels between these risk levels

• Risk levels are lifetime risks; due to 40y occupational exposure

• Risk levels are risks in addition to the background risk:

Substance X Lung cancer 100,000 11,200 11,204

Substance Y Angiosarcoma 100,000 0 4

Non-exposedPopulation size Exposed
Implication of a risk-based OEL at
a risk level of 4:100,000:
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Considerations selecting starting point

• Use of epidemiological data are preferred

• Assess quality and reliability of the available data

• Animal studies
• Study properly executed and reported (design, number or animals, 

histopathological analysis, exposure duration)? International guidelines

followed? 

• Epidemiological studies
• Proper design, accounted for confounding, reliable exposure assessment?

• Determine critical carcinogenic effect and human relevance
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Step 1: Select starting point (animal data)

*

• Starting point: Increased incidence of 

malignant (relevant) tumors in rats or mice

• BMD analysis or single exposure group

Guideline for the calculation of risk values for carcinogenic 
compounds. The Hague: Health Council of the Netherlands, 
2012; publication no. 2012/16E
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BMD-guideline:
https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.4658

Average BMD using
model averaging
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Step 2: Determine carcinogenic potency
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• Carcinogenic potency is calculated based on exposure for 24 h/d, 7 d/w, life time

Tumour incidence, 
corrected for background 
incidence (e.g. BMR)

Exposure 
concentration of 
starting point (e.g. 
BMD) Corrections for exposure duration

during study compared to life time 
exposure
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Step 3: conversion to occupational situation

21 november 2016| Gezondheidsraad10

mg/m3

incidence

0.004

0.00004

Cancer Risk Value

Iconcentration, for instance

Default values for occupational exposure

Default values for non-occupational exposure

Cancer risk value:

Target risk level >

Prohibitive risk level >
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CRVs based on human data

• No uncertainty related to interspecies differences

• Use of human data: exposure and effect are both quantified

• Difference with animal data: risks expressed as relative risks (RR)

• Simple, direct estimation of extra cancer risk based on RR: 

(RR x background cases) – background cases

(2.5 x 16.3) – 16.3 = 24.5 (per 1000)

RR = 2.5

Backgr. cases = 16.3 (per 1000)

e.g.: Exposure to 
substance leads to 2.5 
fold increased risk 

Takes not into account:
• Datasets that can be modeled

• Age-dependency of cancer
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Exposure-response modeling

• Multiple exposure categories > datapoints

• Derive exposure-response model 
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Age dependency: Life table analysis 
Life table: A table which shows, for each age, what the probability is that a person of that 
age will develop cancer or die from cancer:

Age

0

100
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Age Cancer Other At risk Total Cancer

1 0.00001 0.00139 100000 140.5 1.1

2 0.00001 0.00085 99859.5 85.4 1.0

…

20 0.00002 0.00024 99515.5 25.3 1.5

…

60 0.00023 0.00692 92277.4 658.0 21.5

…

100 0.00141 0.57958 631.7 278.3 0.7

Age RR Cancer Other At risk Total Cancer

1 1.0 0.00001 0.00139 100000 140.5 1.1

2 1.0 0.00001 0.00085 99859.5 85.4 1.0

…

20 1.1 0.00003 0.00024 99515.5 25.4 1.6

…

60 1.2 0.00028 0.00692 92245.2 662.5 26.1

…

100 1.2 0.00172 0.57958 625.2 275.6 0.8

Example life table for substance causing leukemia:

Fraction
dying of 
cancer

Fraction
dying of 

other
causes

+

1941

Non-exposed cohort Exposed cohort

Increased
risk due to 
exposure

Increased
leukemia
mortality

+

2341

400 extra/100000
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Main point summary
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• Health Council only recommends; Minister sets limit

• Cancer risk values (CRVs) are exposure levels that correspond to life time 

cancer risks

• CRVs are derived for direct-acting genotoxic carcinogens

• Human data are used more and more often

• Exposure-response modelling and life table analysis have refined the calculation
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Setting Surface Limits (TLV-SLs) 

Bruce D. Naumann, Ph.D., DABT
ACGIH Threshold Limit Value (TLV)
Chemical Substances Committee

OECD OEL Workshop 21-Oct-2022



Outline

• Basic concepts for setting surface limits
• Case Study 1: Setting a surface limit based on the TLV-TWA
• Case Study 2: Setting a surface limit based on the TLV-STEL
• Case Study 3: Setting a surface limit based on study data
• Case Study 4: Setting a surface limit for a dermal sensitizer
• Summary



Surface Limits (TLV-SL®) – Basic Concepts
• Dermal exposure is associated with a large number of work-

related illnesses.
• Historically, Skin and Sensitizer notations have been used to 

highlight chemical-specific hazards following dermal exposure.
• Some examples:

NIOSH DFG MAK     Nordic Expert Group      EU RAC



Surface Limits (TLV-SL®) – Basic Concepts
• There are very few chemical substances with surface limits 

established, required or implied.

• Lead, Chromium (target levels) 

• Beryllium (US DOE)

• Pesticides (US EPA)



Surface Limits (TLV-SL®) – Basic Concepts
• TLV-SL® = the concentration on workplace equipment and facility surfaces 

that is not likely to result in adverse effects following direct or indirect contact. 
• Is intended to supplement to airborne TLVs®, especially for substances with 

Skin, DSEN, and/or RSEN notations, and A1 and A2 Carcinogen Categories.
• Intended to protect against systemic toxicity, sensitization, and cancer from 

contact with contaminated work surfaces.
• Examples of recent TLV-SLs

– o-phthalaldehyde (2019), methyltetrahydrophthalic anhydride isomers  
(2019), benzoquinone (2022 NIC), ethylene glycol dinitrate (2022 NIC), 
methylnaphthalene, all isomers (2022 NIC), propylene glycol dinitrate 
(2022 NIC)



Why Measure Surface Exposures?

• Preliminary risk assessment
• Routine surveillance (e.g., USP 800 for hazardous drugs)
• Intervention evaluation
• Identify determinants of exposure
• Education
• Compliance monitoring



Surface Limits (TLV-SL®) – Basic Concepts
• Workplace activities can generate dusts/aerosols which may deposit on 

equipment surfaces. Leaks and splashes with liquids can also occur.
• Visual limits on contaminated surfaces 100-500 μg/100 cm2.
• Chemicals can be present on surfaces below limits of visibility but may 

still represent toxicologically significant amounts.
• Direct contact with “contaminated” equipment → chemical transfer from 

surface to (exposed) skin.
• The amount of systemic absorption of chemicals from skin into the blood 

is influenced by various physico-chemical and exposure-related factors.



Setting a TLV-SL: Starts with the Dose
• For systemic effects: from a specific dermal study or the same dose 

used to develop the TLV-TWA.
– TLV-TWA is an acceptable daily exposure (ADE) or “safe” level 

of exposure divided by the volume breathed in 8 hours (10 m3).
– “Occupational ADE” (ADEocc) = TWA (ug/m3) * 10 m3

• ADEocc divided by standard surface area (100 cm2)
• Adjustments are made for differences in bioavailability (e.g., oral 

vs. dermal, inhalation vs. dermal, dermal vs. dermal).
Kimmel et al. 2011



Setting a TLV-SL: Uncertainties/Limitations
• What is the exposure “scenario?”

– One contact per day, 100 cm2?
• Will transfer from surface to skin be complete?

– Some substances may be retained on equipment surface
• Is the contacted skin healthy?

– Diseased or damaged skin → higher absorption (dose)
• Should the uncertainty factor address these issues?
• How much of this should be addressed by the exposure 

evaluation and risk assessment? Need to know the assumptions.



Setting a TLV-SL:  Dermal Absorption Potential
• Physico-chemical properties (e.g., OECD, 2011)

– MW < 500 Da
– Log Kow between -1 and +4
– If both criteria are met:  100% absorption
– If both criteria are not met:  10% absorption

• Compound-specific dermal absorption data are preferred.
• Need to account for the difference in absorption between the 

dermal route in workers and the point-of-departure (PoD) route.
• Effects in animal/human oral/inhalation vs. dermal studies.



Setting a TLV-SL:  Basic Calculation

TLV-SL =   ADEocc

(100 cm2) (α)

Where: 
ADEocc = Occupational ADE
α = bioavailability adjustment factor to account for the 
difference in absorption between the dermal route in workers 
and the point-of-departure (PoD) route (FDermal)/FPoD).



Case 1: Setting a TLV-SL using the TLV-TWA
(hypothetical example)

TLV-TWA = 0.5 μg/m3 

ADEocc = 0.5 μg/m3 * 10 m3   =  5 μg
α = 0.1 (10%/100%)

TLV-SL = 5 μg 
(100 cm2) (0.1)

TLV-SL = 50 μg/100 cm2



Setting a TLV-SL Without a TLV
• Map occupational exposure banding (OEB) system to TLV-SL 

values 
– More arbitrary, may not be appropriately conservative.

• Convert ADE (OEL, RfD, TDI, etc.) to ADEocc

– Must account for differences in bioavailability by various 
routes, interspecies differences, levels of risk between 
human subjects and workers, human subject versus worker 
demographics.

• Use caution – critical effect (PoD) might be different with dermal 
exposure.



Occupational Exposure Band

1 2 3 5

1 mg/m3 100 g/m3 10 g/m3 1 g/m3 <1 g/m3

1 mg/100 cm2 100 g/100 cm2 10 g/100 cm2

Surface Limit

Occupational Exposure Limit

4

>1 mg/m3

<10 g/100 cm2Visible Dust – General 
Cleanliness Requirements

14

Adapted from Naumann et al. 1996



Case 2: Setting a TLV-SL using the TLV-STEL

Ethylene glycol dinitrate (NIC 2022)
TLV-STEL 0.01 ppm, Skin
TLV-SL 0.02 mg/100 cm2

TLV Basis: Headache; hypotension; 
cerebrovascular & cardiovascular disease; 
vasodilation



Case 2: Setting a TLV-SL using the TLV-STEL

The TLV-SL was calculated using a method described by 
Kimmel et al (2011) and the dose allowed during 15 minutes of 
exposure at the STEL of 0.01 ppm (0.0622 mg/m3). 

Over 15 minutes, an average healthy worker inhales 0.3125 m3

of air. Therefore 0.0622 mg/m3 x 0.3125 m3 = 0.01944 mg 
(rounded up to 0.02 mg). 

Dividing this number by 100 cm2, corresponding to the surface 
area of the palm of 1 hand, yields 0.02 mg/100 cm2.



Case 2: Setting a TLV-SL using the TLV-STEL

TLV-STEL = 0.01 ppm = 0.0622 mg/m3

ADEocc = 0.0622 mg/m3 * 0.325 m3  = 0.02 mg
α = 1 (100%/100%)

TLV-SL = 0.02 mg 
(100 cm2) (1)

TLV-SL = 20 μg/100 cm2



Case 3: Setting a TLV-SL using study data

Phenylethyl Alcohol (NIC 2022)
TLV-TWA, 0.5 ppm, Skin
Considered setting a TLV-SL

TLV Basis: Embryo/fetal damage



Case 3: Setting a TLV-SL using study data
Phenylethyl Alcohol (PEA) Draft Documentation
PEA uptake through human skin (N=2) appears to be relatively low 
(7.6%) compared to uptake through rat skin (77%) and rabbit skin 
(50%).
However, human absorption was likely underestimated due to 
evaporation from the skin in the dermal absorption study.
PEA produced developmental toxicity in rats at low dermal 
dosages (LOAEL=70 mg/kg in dermal rat study).



Case 3: Setting a TLV-SL using study data
Phenylethyl Alcohol (PEA) produced developmental toxicity in a 
dermal study in rats with a LOAEL = 70 mg/kg x 70 kg = 4900 mg.
ADEOcc = 4900 mg/(150 x (1/0.77)) = 25 mg/day with α = 1.3 
If human dermal absorption data are applied, α = 0.1 (7.6%/77%)

TLV-SL =  25 mg       = 250 mg/100 cm2

(100 cm2) (0.1) 

Considering this high level (well above the visual threshold) and the 
high vapor pressure which will result in significant evaporation, it was 
decided not to recommend a TLV-SL for PEA.



Case Study 4: Setting a TLV-SL for a 
skin sensitizer

• Sensitization is a significant concern for workers.
• The LLNA is used to identify skin sensitizers. 
• Can calculate a surface limit using the LLNA EC3 value. 
• LLNA EC3/HRIPT NOEL Ratios inform Adjustment Factors.
• Risk Assessment/Management: How to maintain safe levels 

in the workplace for skin sensitizers.

21



Mechanism of Contact Hypersensitivity 
(Type IV Cell-Mediated vs. Type I IgE-Mediated)

Sensitization / Induction Elicitation / Challenge

Langerhans’ Cells -
Dendritic Cells

T lymphocytes

Macrophages, Mast Cells

Lymph node

Epidermis
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Murine Local Lymph Node Assay (LLNA) Results: 
Dinitrochlorobenzene

DNCB (%)
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EC3 EC3 – Effective concentration 
corresponding to a 3-fold 
increase in lymphocyte 
proliferation above controls
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LLNA EC3/HRIPT NOEL Ratios 
HRIPT NOEL LLNA EC3 LLNA/HRIPT*

Compound (ug/cm2) (ug/cm2) Ratio
Methylchloroisothiazolinone/
Methylisothiazolinone 1        Strong 2.5 2.5

2,4-Dinitrochlorobenzene 8.8     20 2.3
p-Phenylenediamine 10 15 1.5
Formaldehyde 37     162 4.4
Isoeugenol 69 Moderate 450 6.5
Glutaraldehyde 100 23 0.2
Cinnamic aldehyde 591  500 0.8
Citral 775       3250 4.2 
Eugenol 1938         Weak 2225 1.1
Hydroxycitronellal 2953 5000 1.7

* LLNA - Local lymph node assay, HRIPT – Human repeat insult patch test
From Gerberick et al. 2001
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Using the LLNA EC3 to Derive Surface Limits

Default Adjustment Factor (AFC = 50)
AFR = 6 (EC3/HRIPT Ratio Variability)

AFM = 3 (Matrix Considerations)

AFE = 3 (Exposure Considerations)

MF = 1 (Low-to-moderate sensitizer)*

*Consider MF = 2 (Strong sensitizer) or MF = 3 (Extreme 
sensitizer)

From Naumann and Arnold (2019)
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Using the LLNA EC3 to Derive Surface Limits
Example: o-Phthalaldehyde (25 l applied to 1 cm2) 

EC3 = 0.051% = 510 g/ml x 0.025 ml  1 cm2 = 13 g/cm2 

Surface Limit Derivation:

Surface Limit  = (EC3 (g/cm2 )  Adjustment Factor) x 100

Surface Limit = (13 g/cm2  50) x 100 = 25 g/100 cm2 

Note: Surface area of the palm of one hand is approximately 100 cm2. 
This is also the standard surface area for wipe sampling. 

From Naumann and Arnold (2019)
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Using the LLNA EC3 to Derive Surface Limits

27

CAS LLNA Potency      LLNA EC3 Surface
Compound Number Classification (% w/v) Limit 

Oxazolone 15646-46-5 Extreme 0.01 1 ug/100 cm2

Dinitrochlorobenzene 97-00-7 Extreme 0.08 10 ug/100 cm2

p-Phenylenediamine 106-50-3 Extreme 0.09 10 ug/100 cm2

Glutaraldehyde 111-30-8 Strong 0.20 50 ug/100 cm2

Trimellitic Anhydride 552-30-7 Strong 0.22 60 ug/100 cm2

Phthalic Anhydride 85-44-9 Strong 0.36 90 ug/100 cm2

Formaldehyde 50-00-0 Strong 0.40 100 ug/100 cm2

Diethylmaleate 141-05-9 Moderate 2.1 1050 ug/100 cm2

Phenylacetaldehyde 122-78-1 Moderate 4.7 2350 ug/100 cm2

Citral 5392-40-5 Weak 13 6500 ug/100 cm2

Diethanolamine 111-42-4 Weak 40 20000 ug/100 cm2

Adapted from Kimber et al. 2003



Risk Assessment/Risk Management
How to maintain safe exposure levels in the workplace for a skin 
sensitizer:
• Assign DSEN Notation, OEB, Update SDSs/Labels (awareness helps).
• Design appropriate engineering controls.

- For strong sensitizers, additional engineering controls and PPE
may be needed.

- For weak-to-moderate sensitizers, special containment equipment 
may not be necessary.

• Establish good chemical handling practices.
• Use appropriate protective equipment to minimize contact (e.g., gloves, 

sleevelets, lab coat, coveralls, full-face respirator).
• Set surface limits, conduct monitoring and verify effectiveness 

of exposure controls.
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Summary – Surface Limits
• A TLV-SL is a “safe” level of (in)direct contact exposure to 

chemicals deposited on workplace/facility surfaces that provides 
an objective benchmark.

• A TLV-SL can be set using study specific data or can be 
extrapolated from the TLV-TWA or TLV-STEL. Need to consider 
bioavailability differences.

• A TLV-SL based on the LLNA EC3/HRIPT NOEL ratio reflects 
both intra-species and inter-species differences; however, 
additional adjustment factors may be appropriate to address 
vehicle/matrix and exposure considerations. 



Summary – Surface Limits
• TLV-SLs are intended to supplement airborne TLVs and to provide 

quantitative criteria for establishing acceptable surface 
concentrations.

• TLV-SLs should be part of comprehensive risk assessment and 
mitigation process.

• Always review the TLV - Documentation for the contaminant.

• Understand the relationship between the assumptions that go into 
setting the TLV-SL and the exposure evaluation.
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Some reasons for Occupational  Biomonitoring

Biomonitoring can address multiple exposures and health risks of dangerous
substances at workplaces. 

 Many substances cannot be assessed only by air measurements and limit
values, e.g. having a skin notation and/or dermal uptake. 

 Health and productivity of workers are important ressources which should be
protected in an efficient and sustainable way.

 The current existing biomonitoring guidance is fragmented in different 
national guidances and no harmonised biomonitoring guidance exists. 
--------------------------------------------------------------------------------------------------
∑ Motivation for bringing OECD key experts together to develop a 
common biomonitoring guidance and recommendation.
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Working together with 40 institutes/ organisations for a 
3 year work programme

• ACC (American Chemistry Council), US
• ANSES (French Agency for Food, Environmental and 

Occupational Health & Safety), FR
• ARC (Arnot Research & Consulting, CA)
• BAuA, The Federal Institute for Occupational Safety and 

Health, DE
• BASF, DE
• Belgium DG Environment, BE
• BfR (German Federal Institute for risk assessment), DE
• BIAC (Business at OECD)
• CEFIC (The European Chemical Industry Council), EU
• Covestro, DE
• Currenta, DE
• DFG Germany (German Research Foundation), DE
• ECHA (European Chemicals Agency), EU
• ESTeSL (Escola Nacional de Saúde Pública, Universidade

Nova de Lisboa), PT
• EU-OSHA (European Agency for Safety and Health at 

Work), EU
• ExxonMobil Biomedical Sciences, US
• FIOH (Finnish Institute of Occupational Health), FI
• Health Canada, CA
• HSE (Health and Safety Executive), UK
• IfADo, Leibniz Research Centre for Working Environment, 

DE

• INRS (Reference body for occupational risk prevention in 
France), FR

• ISES EU (Europe Regional Chapter of the international 
Society of Exposure Science), EU

• Japan MHLW (Ministry of Health Labour and Welfare), JP
• Japan National Institute of Occupational Safety and 

Health, JP
• JRC (Joint Research Centre), EU
• Katholieke Universiteit Leuven, BE
• KI (Karolinska Institutet), SE
• National Health Laboratory Luxemburg, LU
• Orthoanalytik GmbH, CH
• RIVM (National Institute for Public Health and 

Environment), NL
• SECO (State Secretariat for Economic Affairs), CH
• (Swedish Chemicals Agency, SE)
• Swiss FOPH (Federal Office of Public Health), CH
• SUVA (Swiss National Accident Insurance Fund), CH
• UBA (German Environment Agency), DE
• Unisanté (Center for Primary Care and Public Health), CH
• University of Erlangen, DE 
• University Zürich, CH
• US-EPA (United States Environmental Protection

Agency), US & US NIOSH
• VITO NV, BE
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Defining together primary 7 aims

a. Compare existing methods in deriving OBL (Occupational Biomonitoring Levels)  for 
selected substances of high concern, including European Substances of High Concern 
(SVHC) candidate substances.

b. Identify data gaps and future research needs with regard to regulatory use of biomarkers 
of exposure data.

c. Propose quality criteria and minimum requirements for OBLs, provisional OBLs and 
monitoring, including toxicokinetic data, providing discussion of variance and uncertainty and 
procedural aspects of quality management.

d. Building upon these cases as well as available current guidance, to elaborate concrete 
general tiered guidance on the derivation of OBL with respect to accepted points of 
departure in risk assessment.

e. Propose different OBL derivation methods for screening purposes and for more 
advanced regulatory risk assessment contexts. 

f. Recommend general biomonitoring options in occupational settings taking into account 
cost-effectiveness and various risk management options. 

g. Provide a characterization and  outlook for the use of effect-based biomarker 
monitoring for substances or substance groups with a relevant mode of action. The results 
of this can be useful for addressing co-exposures and relevant mixture effects in the future.
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Work sharing in 7 subtasks 

Subtask No Name
1 Project coordination
2 OBL derivation and methodologies
3 Provisional OBL derivation and

methodologies
4 Effect-biomarker characterisation and

recommendation
5 Monitoring guidance including ethics 

and reporting
6 Tiered approaches & terminology
7 Guidance writing
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Collaboration overview

Ex
pe

rt-
gr

ou
p

subtask work

drafting work 

discussion & 
commenting

C
o-leads &

D
rafting-group

Towards an improved Occupational Biomonitoring guidance 

We would like to thank warmly Patience Browne, Koki Takaki, Tomoko Aoyagi, 
and Linda Rubene from OECD for their continous support of this collaboration. 
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Collaboration steps

 Sept- 2019- June 2021: subtask work with whole expert group
 March 2021:  guidance structure discussion
 October –November  2021:  Commenting of guidance by expert group (14 

instititutions with 483 comments) improvements by drafting group
 December 2021 discussion of comments implementation with whole expert group

Improving guidance with drafting based on discussion
 Spring 2022 circulation of improved guidance in WPEA &WPHA

around 50 comments receiceved by ECHA , SWE, DE , NL, also structural
revision based on ECHA comments

 Implementation of comments by 11th May starting the endorsement process in 
WPEA&WPHA  

 Presentation of guidance at WPHA&WPEA in June 2022
 further revision one additional set of comments received from BIAC  at 11th July
 Implementation of comments by drafting group at 19th August
 Starting 6 week of OECD declassification process
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General guidance structure

Foreword, Acknowledgements
Executive Summary, Abbreviations
I. Introduction & aims
II. Review of widely applied

methods
III. Derivation of OBLs
IV. Practical application
V. Tiered Approach 
VI. Main findings & international 

context
VII. Conclusions & 

Recommendations
VIII. References   
IX. Appendixes   

General guidance structure was agreed in March 2021, guidance was further revised by expert group in 
2021 and by WPHA &WPEA in 2022. Overall > 500 comments were implemented  leading to many
improvements. We would like to to thank the numerous colleagues and institutions for their
work. Since 11th May all the work is available at one location: https://community.oecd.org/docs/DOC-209169
Some institutions like RIVM, NL provided helpful editorial changes. 

https://community.oecd.org/docs/DOC-209169
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Lessons learned 1- broad field

Biomonitoring (BM) is a broad field: 

In the area of occupational medicine or occupational hygiene, biomonitoring 
(also referred to as ’biological monitoring‘) is a tool to assess exposures by 
collecting biological materials from workers/persons and quantify the hazardous 
substances, their metabolites or their biochemical and/or biological effect 
parameters in the obtained biological materials. 

Around 80% of this guidance were dedicated to exposure biomonitoring for 
derivation, use and assessment. 
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Lessons learned 2
- coping with many terminologies
Currently, various national and international bodies are involved in deriving 
biomonitoring guidance values (BMGV) or biological limit values (BLV); 
however, there is no global harmonized approach to date.

Harmonisation approach: 
In the guidance, we use the neutral and overarching term Occupational 
Biomonitoring Level (OBL) in accordance with Occupational Exposure Limits 
(OEL*) which are used for air monitoring. 

In our guidance we characterised commonly used methods of EU 
(SCOEL/RAC) , Germany (MAK Commission), US (ACGIH), France (ANSES) 
and ongoing EU projects (HBM4EU)
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Lessons learned 3
- only 4 options for OBL derivation

Derivation methods for refined OBLs Data 
need

General 
Preference 

Ranking
1) Correlated exposure-effect level:  health-based biomonitoring values 
directly based on the data on correlations between biomarker and health 
effects

high 1

(based on 
confidence 
assessment)

2) Correlated OEL biomarker level: biomonitoring values using measured 
data on correlations between external exposure levels and biomarker 
levels. The OBL is usually set to correspond to health based OELs set for air 
levels. 

medium-
high

2

(based on 
confidence 
assessment)

3) Simulated PBK level: PBK needs to cover all relevant exposure pathways 
(inhalation, skin uptake, and ingestion) and should predict the urinary 
biomarker excretion concentrations as well as central compartment (blood) 
concentrations. PBK models should as far as possible incorporate human 
parameters and be adjusted or calibrated with human data. 

medium-
high

2-3             
(based on 
confidence 
assessment)

4) Health-based mass balance approach:  health-based biomonitoring 
values based on simple approaches e.g., urinary mass balance approach to 
calculate biomarker levels corresponding to existing OELs or to health PODs 
(NOAELs etc. ), and applying AFs to account for the uncertainties 

low-
medium

3              
(based on 
confidence 
assessment)



21th October: Workshop on approaches for establishing Occupational Exposure Limits

Lessons learned 4
-confidence is needed

Confidence assessment of data is necessary- with 3 assessment categories for 
OBL derivations: 

1st confidence 
category

Hazard and dose response assessment, selection of POD

2nd confidence 
category

Selection of biomarker (covering aspects related to the 
specificity and sensitivity of the biomarker, and e.g., analytical 
aspects including likelihood of pre-analytical errors (like 
confounding exposure sources, contamination)

3rd confidence 
category

Toxicokinetic aspects including excretion kinetics; quality 
& robustness of the toxicokinetic data, quality & robustness of 
the established correlations between external and internal 
levels or correlations between toxicological effects and 
biomarker levels, urinary fraction data

All these three aspects are scored as low, low-medium, medium, medium-high, and high, 
which feeds into an overall confidence score. Proposed numerical scoring 1=low, 1.5=low-
medium, 2= medium, 2.5= medium-high, 3= high.
Generally, a refined  OBL can be proposed, if the average confidence score is equal or better 
than medium. Without confidence assessment only Provisional OBL (POBL) can be derived.
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Lessons learned 5 – effect-biomarkers are highly
underused

Effect-biomarkers are the only option to assess known & unknown exposures  
and mixtures in an integrative way. 

Validated effect biomarkers can be used to address mixture effects and many 
relevant health effect endpoints and Mode of Actions (MoAs) in humans. Some are 
not yet covered under current chemical labelling and classification systems. 

For most of the recommended effect biomarkers, we found a strong link to the 
growing Adverse Outcome Pathway (AOP) knowledge.

A systematic understanding of both the relevance and interpretation of effect-
biomarker data will lead to increased protection for workers. 

An integrative effect-biomarker AOP project is necessary to develop specific 
mixture threshold levels for regulatory use  Follow up activity started October 
2022
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Lessons learned 6 – guidance for interpretation of BM 
values was developed

Moreover statistical approaches for individual and collective BM assessments are 
provided in guidance. 
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Lessons learned 7 –
No fears using tiers and different OBLs

Every tier has a meaning and can trigger different risk mitigation measures.

Recommendations provided in guidance.
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Lessons learned 8 
– Ethical use of BM is necessary and possible 

BM is an effective tool for assessing exposure to and effects of 
hazardous substances in occupational health context. It can be used to 
complement other strategies and tools for exposure or risk assessment. 

In contrast to other tools however, BM requires the use of human samples 
and thus additional fundamental ethical principles and data protection 
legislation have to be respected. 

Options and recommendations are provided in guidance
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Lessons learned 9 
– Risks are underestimated and regulation is too slow 

Currently, for by far less than 1% of work place relevant substances 
internationally harmonised OEL or OBL are available. No international mid-
term solution to cope with this challenge is in sight.

This becomes more obvious looking at the large number of chemicals having a 
skin notation and likely a dermal uptake, but having “only” an OEL available, so 
the risk assessment is limited to inhalation risks and is mostly ignoring 
dermal and oral exposure pathways.

More national use of BM is needed to allow a sufficient protection of 
workers. 
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Lessons learned 10 – some conclusions 

We conclude to make more practical use of the proposed methods of 
OBL and POBL derivations, to stimulate the availability of risk assessment 
options for BM for a large set of hazardous and relevant chemicals on 
national and international levels and make them transparently available.

More and better OEL derivations will automatically lead to more and better 
OBL options.  

Now it is up to you to make use of widely harmonized methods and options 
for their potential implementation to be able to protect workers health better 
than before.

Final Guidance is expected for October 2022
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General discussion

Let us try to use our time effectively. 

Do you have other questions, comments or interest?

Thank you very much for your attention & collaboration

Robert, Nancy, Tiina, Peter, Jos        &  Susana, Ludwine, Devika, Farida, Thomas 

robert.pasanen-kase@seco.admin.ch 
nancy.hopf@unisante.ch
tiina.santonen@ttl.fi
kujath.peter@baua.bund.de
jos.bessems@vito.be

Susana.Viegas@ensp.unl.pt
ludwine.casteleyn@kuleuven.be 
devika.poddalgoda@hc-sc.gc.ca
farida.lamkarkach@anses.fr 
thomas.goeen@fau.de




