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• Technical Director – National Practice Leader for Industrial Hygiene at Apex 

Companies, LLC

• Led the Prevention through Design (PtD) National Initiative at the Centers for 

Disease Control and Prevention (CDC) National Institute for Occupational Safety 

and Health (NIOSH)

• Johnson & Johnson Worldwide Director of Industrial Hygiene and Toxicology

• Merck & Co, Inc.

• Masters of Science in Industrial Hygiene from Temple University

• American Board of Industrial Hygiene Certified Industrial Hygienist (CIH)

• Fellow in the American Industrial Hygiene Association (AIHA)

• AIHA Vice President
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What is an occupational exposure band?
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Why do we need OEBs?
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• > 85,000 chemicals in EPA TSCA 
Chemical Substance Inventory



OEBs on the hierarchy of OELs
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Promise of occupational exposure banding

• Facilitates more rapid 

evaluation of health hazards

• Provides exposure guidance for 

materials without OELs

• Highlights areas where data are 

missing

• Provides a screening tool for 

the development of OELs

• Identifies hazards to be 

evaluated for elimination or 

substitution

• Aligned with GHS for Hazard 

Communication

• Facilitates the application of 

Prevention through Design 

principles for chemical agents
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What data is used for occupational exposure banding?

Bands are assigned based on the findings for nine standard toxicological 

endpoints

• Acute toxicity

• Skin corrosion and irritation

• Serious eye damage and irritation

• Respiratory sensitization

• Skin sensitization

• Genotoxicity

• Carcinogenicity

• Reproductive / development toxicity

• Specific target organ toxicity resulting from repeated exposure

8



Three tiers
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Today’s goal



Use of the three tiers
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Tier 1 banding criteria

• GHS hazard codes and categories

• Chemicals can be banded into C, D and E

• Banding is based on severity and reversibility of effects
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Tier 1 Overview
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Tier 1 Codes and Categories
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The following H-codes are not used 
for Tier 1 banding:  H200s, H303, 
H304, H305, H331, H316, H320, 
H336, H362, and H400s 

These codes are either not 
occupationally relevant or not 
sufficient for banding.



Tier 1 Process
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Example – Chloral hydrate (CAS Number: 302-17-0)

1. Verify that an authoritative OEL has not been established

2. Identify the three-digit H-codes and hazard categories assigned to the 

chemical substance by GHS. 

- ECHA Annex VI to CLP 

• https://echa.europa.eu/information-on-chemicals/annex-vi-to-clp

• GHS Annex VI Search Screen

- GESTIS database

• https://www.dguv.de/ifa/gestis/gestis-stoffdatenbank/index-2.jsp

- Updated OSHA-compliant SDSs

• Use Annex VI and GESTIS as the initial resource
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https://echa.europa.eu/information-on-chemicals/annex-vi-to-clp
https://echa.europa.eu/search?p_p_id=echasearch_WAR_echaportlet&p_p_lifecycle=0&p_p_state=normal&p_p_mode=view&p_p_col_id=column-1&p_p_col_count=1&_echasearch_WAR_echaportlet_doSearch=true&_echasearch_WAR_echaportlet_themeSearch=true
https://www.dguv.de/ifa/gestis/gestis-stoffdatenbank/index-2.jsp


ECHA Annex VI search screen
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Chloral hydrate harmonized classifications
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GESTIS search screen
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GESTIS chloral hydrate classifications
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Can I use an SDS?
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Acute Tox 3 – H301
Skin Irritation 2 – H315
Eye Irritation 2 – H319 

It depends…the attached SDS aligns 
with GESTIS and ECHA Annex 6.

However, another SDS, available on 
the web, did not include these three 
classifications.

Chloral Hydrate SDS



Example – Chloral hydrate (CAS Number: 302-17-0) - continued

3. For chloral hydrate, the H-codes and categories are:

- H315 – Skin Irritation 2

- H319 – Eye Irritation 2

- H301 – Acute Toxicity 3

4. Find the H-codes on the chart, and find the corresponding OEB at the top of 

the column. 

5. If no H-codes are available for a particular endpoint, then that endpoint 

cannot be banded using Tier 1 – proceed to Tier 2.

NIOSH recommends that following Tier 1 banding, verify the band using Tier 2.
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Tier 1 Codes and Categories
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H315 – Skin Irritation 2
H319 – Eye Irritation 2
H301 – Acute Toxicity 3



Chloral Hydrate OEB C
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NIOSH Tier 1 e-Tool

• https://wwwn.cdc.gov/Niosh-oeb/

• Remdesivir - CAS
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https://wwwn.cdc.gov/Niosh-oeb/


How accurate is the OEB Tier 1 process?

• NIOSH compared bands obtained from the Tier 1 process for 744 chemicals 

with full-shift OELs from the following authoritative bodies:
- NIOSH Recommended Exposure Limits (RELs)

- OSHA Permissible Exposure Limits (PELs)

- ACGIH Threshold Limit Values (TLVs)

- AIHA Workplace Environmental Exposure Values (WEELs)

- California OSHA program (Cal/OSHA) PELs

- German Maximale Arbeitsplatz-Konzentration (MAK)

• Goal: greater than 80% of Tier 1 bands at least as protective as the OEL

• Overall rate of Tier 1 bands, for vapors and particulates, being at least as 

protective as the OEL was 91.5%
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OK - What do I do with an OEB?

• Qualitatively assess worker exposures

• Check with your lab – they may have a sampling and analytical method

• Consider use of surrogates or particle counters for solids

• For gases and vapors, apply the AIHA Mathematical Models for Estimating 

Occupational Exposure to Chemicals 
- https://online-

ams.aiha.org/amsssa/ecssashop.show_product_detail?p_mode=detail&p_product_serno=889

• Based on your professional judgment, modeling, semi-quantitative exposure 

assessments with particle counters, and historical IH sampling data for the task 

or operation, identify additional controls that may be needed.
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https://online-ams.aiha.org/amsssa/ecssashop.show_product_detail?p_mode=detail&p_product_serno=889


Tier 1 limitations 

• The Tier 1 process is very conservative with regards to carcinogenicity – as it 

should be!

• Therefore, verify “D” and “E” bands that are based on these categories by using 

the Tier 2 process.

• Tier 2 process includes both qualitative (weight of evidence) and quantitative 

(slope factor, inhalation unit risks, or tumorigenic) data.  

• Occasionally, a Tier 1 Band E classification can be reduced to Band D.  

- You must have the evidence!

27



Tier 2 overview

Tier 2 – Both qualitative and quantitative

• Some training in toxicology

• Based on readily available secondary data from authoritative sources 

- Government, professional health agencies, authoritative toxicological benchmarks

- Need sufficient data to generate reliable OEB

• Prescriptive analytical strategy to ensure consistency

• Potential for chemicals to be moved from the Tier 1 OEB to a more or less 

protective OEB
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Tier 2 process

• Search authoritative databases for summary 

toxicity information

- For 9 specified health endpoints, search 

authoritative databases for summary toxicity 

information

• Combine information through a weighted 

score

- Find the weighted score (Total Determinant 

Score) and calculate the Occupational Exposure 

Band 

✓This is done automatically in the NIOSH e-Tool
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Carcinogenicity databases



Endpoint and Total Determinant scores

• Endpoint determinant score (EDS) = weighted score indicating the 

presence/absence of data for a specific health endpoint.

• Total determinant score (TDS) = sum of weighted scores for each health 

endpoint. Overall score gives an indication of sufficiency of data for banding.

- TDS ≥ 30: sufficient data for banding in Tier 2

• Example: 

- Cancer inhalation unit risk value tells us a lot about the hazardous nature of a 

chemical, so the presence of that information corresponds to an EDS of 30.

- However, an LD50 value for the acute toxicity endpoint is only weighted as an EDS of 

5.
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Total Determinant Score
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Tier 2 example – sources of data for carcinogenicity endpoint

Endpoint Rank Source of Information Acronym

Carcinogenicity 1

National Toxicology Program 14th Report on 
Carcinogens (2016)

NTP RoC

US EPA Integrated Risk Information System IRIS

International Agency for Research on Cancer IARC

Health Canada HC

California Office of Environmental Health Hazard 
Assessment

OEHHA
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https://ntp.niehs.nih.gov/whatwestudy/assessments/cancer/roc/index.html?utm_source=direct&utm_medium=prod&utm_campaign=ntpgolinks&utm_term=roc14
https://www.epa.gov/iris
https://monographs.iarc.fr/list-of-classifications
https://www.canada.ca/en/health-canada.html
https://oehha.ca.gov/proposition-65/proposition-65-list


Carcinogenicity

• Qualitative

- Weight of Evidence (WOE) descriptors (NTP, IARC, EPA IRIS)

- Classifications/phrases (i.e. “Group C: possible human carcinogen”)

• Quantitative

- Slope Factor (SF), Inhalation Unit Risk (IUR), or Tumorigenic Dose or Concentration 

with a 5% increase in incidence of mortality due to tumors (TD05 or TC05)

- Numerical values (i.e. IUR= 0.01 (μg/m3)−1 )

• Quantitative classification takes precedence
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Example Tier 2

• Benzo(k)fluoranthene

• CAS 207-08-9
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Endpoint Rank Source of Information Acronym

Carcinogenicity 1

National Toxicology Program 14th Report on 
Carcinogens (2016)

NTP RoC

US EPA Integrated Risk Information System IRIS

International Agency for Research on Cancer IARC

Health Canada HC

California Office of Environmental Health Hazard 
Assessment

OEHHA

https://ntp.niehs.nih.gov/whatwestudy/assessments/cancer/roc/index.html?utm_source=direct&utm_medium=prod&utm_campaign=ntpgolinks&utm_term=roc14
https://www.epa.gov/iris
https://monographs.iarc.fr/list-of-classifications
https://www.canada.ca/en/health-canada.html
https://oehha.ca.gov/proposition-65/proposition-65-list
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Summary of benzo(k)fluoranthene carcinogenicity

• Qualitative (WOE): band E

• Quantitative (IUR): band D

Quantitative data takes precedence over qualitative; therefore, 

Tier 2 Carcinogenicity = band D

EDS = 30
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But…we need to continue the process with the remaining endpoints
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Final tier 2 OEB for benzo(k)fluoranthene 
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Tier 3 banding process

• Requires expertise in toxicology

• Requires intensive review and evaluation of primary data

• Is required when insufficient data for Tier 2 banding

• No detailed guidance is available
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NIOSH Technical Report and e-Tool

• Process Overview

- https://www.cdc.gov/niosh/topics/oeb/default.html

• Technical Report

- https://www.cdc.gov/niosh/docs/2019-132/default.html

• e-Tool

- https://wwwn.cdc.gov/Niosh-oeb/
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https://www.cdc.gov/niosh/topics/oeb/default.html
https://www.cdc.gov/niosh/docs/2019-132/default.html
https://wwwn.cdc.gov/Niosh-oeb/


This slide is used for a new section within your PPT

Questions and Discussion
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